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GUSQUIZA,  Juan  Bautista,  hoo-4n' 
ba-tes'ta  a-goos-ke'tha,  Paraguayan 
statesman :  b.  Asunci6n,  1845.  He  was 
a  lieutenant-colonel  in  the  war  with 
Uruguay,  Brazil  and  the  Argentine  Republic, 
later  being  appointed  Secretary  of  War  and 
attaining  the  rank  of  general.  He  was  president 
of  Paraguay  from  1894  to  1896. 

EGYPT.  (Greek,  Mywrros,Aiguptos. :  Hebrew, 
anvo,  Misratm  Or  *1WD  Masor;  also  called 
©TOW.  Pathros  (Is.xi.ii)  and  DM  rut  Ere* 
Horn.  'The  land  of  Ham»  (Ps.  cvi,  22).  Assyrian 
if^Vf^t  ,Musr%;  Arabic  *h,Misrot  liasr. 
In  Hieroglyphics,  ^  ^0'  Kami).  Its  present 
name  is  derived  from  the  Greek,  Aiguplos 
(meaning  obscure).  The  Hebrew  name  Miz- 
rdim,  is  the  dual  form  of  Masor  (a  fortified  or 
wallcd-in  place  or  country),  viz.,  two  Masors. 
•Upper  and  Lower  Egypt.*  But  its  principal 
name  upon  the  monuments  and  in  the  papyn  is 
Kami  or  Kamt  "Black  land",  an  appropriate 
name,  owing  to  the  black  alluvial  soil  in  the 
Nile  Valley,  in  contradistinction  to  the  reddish 
soil  of  the  neighboring  land  on  both  sides  of 
the  Nile. 

Modern  Egypt  is  a  vast  country  extending 
from  the  Mediterranean  Sea,  lat.  31*  35'  to 
parallel  22°  N.  1.,  called  Egypt  Proper,  thence 
southward  to  the  British  possessions  in  equato- 
rial Africa,  which  latter  region  (known  as  the 
Egyptian  Soudan)  is  jointly  governed  by  Great 
Britain  and  Egypt.  The  eastern  boundary  is  the 
Red  Sea,  and  on  the  extreme  northeast,  W'ady- 
el-Arish,  Syria.  The  western  boundary  runs 
northwest  to  Tripoli,  and  thence  southeast 
through  the  IJbyan  desert,  to  a  point  200  miles 
west  of  Wady-Halfa.  The  area  of  Egypt  (ex- 
clusive of  the  Soudan)  is  about  363,181  square 
miles,  the  country  extending  675  miles  north 
and  south,  and  500  miles  east  and  west. 

Topography.—  In  modern  as  in  ancient 
times  Egypt  was  always  divided  into  the  Upper 
and  theuower,  or  the  Southern  and  Northern 
countries.  At  a  very  early  period  it  was  fur- 
ther subdivided  into  a  number  of  departments, 
called  nomes,  varying  in  different  ages;  42  was 
probably  the  usual  number.  A  third  great  di- 
vision, the  Heptanomis,  "seven  nomcx?  pre- 
served, in  the  modern  (Wustani)  "Middle 
Egypt,9  was  introduced  at  the  time  of  the 
geographer  Ptolemy  (first  half  of  the  2d 
century  a. a).  Each  vome  had  a  separate  local 
government.  In  the  5th  century  A.n.,  Egypt 
was  divided  into  six  eparchies.  Augusta  Prima 


!<:']'  fi'V'if  'tU  i"Ki>»e  rj/n 
:i/  .!».>{,  'iitl  "lr.  m:|H.-.lf  il«  U>  ::i  *j r i: 
>»j>  J:i|i.w,      r  L>ij«.  'j i nil.'1  .'iiij;  <i 

and  Svcunda  on  the  east,  /Kgyptiaca  on  the 
west,  Arcadia  (the  former  Heptanomis),  The- 
bais  Proxima  as  far  as  Panapolis,  and  Thebais 
Supra  to  Philse.  Under  the  Mohammedans,  the 
triple  division,  Misr-el-Bahri  (Lower  Egypt); 
el-Wustani  (Middle);  and  es-Said  (Upper) 
has  prevailed,  but  the  number  of  subdivisions 
has  varied  At  present  there  are  altogether 
five  governments  of  principal  towns,  and  14 
provinces  subdivided  into  districts. 

Egypt  is  connected  with  Asia  by  the  Isthmus 
of  Suez,  across  which  runs  the  great  canal, 
about  100  miles  long.  The  inhabited  portion  of 
Egypt  is  mainly  confined  to  the  valley  and 
delta  of  the  Kile,  the  widest  part  of  which  does  ' 
not  exceed  120  miles,  while  in  many  parts  of 
the  valley  it  is  only  from  3  to  15  miles  wide, 
and  at  the  southern  frontier  of  Egypt  proper, 
only  two  miles.  West  of  the  Nile  are  several 
oases.  Two  ranges  of  lofty  mountains,  the 
Arabian  Hills  on  the  east  and  the  Libyan  on 
the  west,  enclose  this  valley.  The  delta  of  the 
Nile  is  traversed  by  a  network  of  primary  and 
secondary  channels  and  is  also  intersected  by 
numerous  canals. 

Seven  principal  channels  or  mouths  were 
usually  recognized  in  ancient  times,  the  names 
of  which,  going  from  east  to  west,  were  the  Pe- 
lusiac  mouth,  the  Tanitic,  the  Mendesian.  the 
Pathmitic,  the  S«bennytic,  the  Bolbitine  and  the 
Canopic.  Now  only  the  Bolbitine  (called  Ro- 
setta)  and  the  Pathmitic  (Damictta),  arc  in  ex- 
istence. The  Nile  has  a  current  running  sea- 
ward at  the  rate  of  2J4  or  3  miles  an  hour  and 
the  stream  is  always  deep  enough  for  naviga- 
tion. The  water  becomes  a  reddish-brown  dur- 
ing the  annual  overflow;  it  is  esteemed  highly 
salubrious,  Near  the  sea  are  the  lakes  Men- 
zaleh.  Birket-el-Mariut  and  other  extensive  but 
shallow  lagoons. 

The  openings  or  lateral  valleys  of  the  hills 
confining  the  valley  of  the  Nile  are  compara- 
tively few,  or,  being  little  frequented,  are  not 
well  known.  Those  on  the  east  side  with  which 
we  arc  best  acquainted  are  the  Wady-el  Tili, 
"Valley  of  the  Wanderings0  (of  the  children 
of  Israel),  leading  from  the  neighborhood  of 
Cairo  to  the  head  of  the  Gulf  of  Suez,  and  that 
through  which  passes  the  road  from  Koptos  to 
Kosseir  on  the  Red  Sea.  A  short  distance  west 
of  the  Nile  and  above  the  Delta  is  the  fertile 
vallev  of  Fayum,  in  the  northwest  and  lowest 
part  of  which  is  the  Birket-el-Kerun  I^jke,  fed 
liy  a  canal  or  branch  from  the  Nile.  The  level 
of  the  lake  is  now  130  feet  below  that  of  the 
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Mediterranean.  This  lake,  formerly  known  as 
Lake  Moeris,  covered  a  far  larger  area,  and  by 
means  of  sluices  and  other  works  was  utilized 
for  irrigation  purposes.  The  deserts  on  the 
west  bank  of  the  Nile  generally  present  to  view 
plains  of  gravel  or  of  fine  drifting  sand;  on  the 
east,  the  scene  is  varied  by  rocks  and  moun- 
tains. 

Climate. —  The  atmosphere  in  Egypt  is  ex- 
tremely clear  and  dry,  the  temperature  regular 
and  hot,  though  the  heat  is  tempered  during  the 
daytime  for  seven  or  eight  months  of  the  year 
by  the  strong  wind  which  blows  from  the  north 
and  which  enables  sailing  vessels  to  ascend  the 
river  against  the  stream.  The  winter  months 
are  the  most  delightful  of  the  year,  the  air  being 
cool  and  balmy  and  the  ground  covered  with 
verdure;  later,  the  ground  becomes  parched 
and  dry,  and  in  spring  the  suffocating  kham- 
seen,  or  simoom,  frequently  blows  into  the 
Nile  valley  from  the  desert  plains  on  each  side 
of  it,  raising  lofty  clouds  of  fine  sand  and 
causing  great  annoyance,  until  the  rising  of  the 
river  again  comes  to  bless  the  land.  It  rains 
but  rarely,  except  near  the  seashore.  At  Mem- 
phis the  rain  falls  perhaps  three  or  four  times 
in  the  course  of  a  year,  and  in  Upper  Egypt 
only  once  or  twice,  if  at  all;  showers  of  hail 
sometimes  reach  the  borders  of  Egypt,  but  the 
formation  of  ice  is  very  uncommon.  Earth- 
quakes are  occasionally  felt  and  thunder  and 
lightning  are  neither  frequent  nor  violent 
Egypt  is  not  remarkably  healthy,  especially  in 
the  delta,  where  ophthalmia,  diarrhcea,  dysen- 
tery and  boils  are  somewhat  prevalent.  But 
many  invalids  now  winter  in  Egypt,  especially 
in  the  neighborhood  of  Cairo,  or  higher  up  the 
river,  where  the  air  is  dry  and  pure. 

The  Nile,  Irrigation  and  Agriculture.— The 
great  historic  river  Nile,  Greek  Neilos;  Latin 
Nilus;  Hebrew  Ycor  or  Shihor;  Arabic  En- 
Nccl  (black),  is  3,400  miles  in  length,  the  long- 
est in  Africa  and  one  of  the  great  rivers  of  the 
world.  It  divides  at  lat.  W  15',  just  below 
Cairo,  into  two  main  streams,  the  one  entering 
the  sea  by  the  Rosetta  mouth  on  the  west,  the 
other  by  the  Damietta  mouth  on  the  east.  These 
two  streams  carry  the  bulk  of  the  Nile  water 
to  the  Mediterranean  and  enclose  a  large  por- 
tion of  the  territory  known  as  the  delta,  from 
its  resemblance  to  the  Greek  letter  A  and  which 
owes  its  existence  to  the  deposits  of  alluvial 
matter  brought  down  by  the  stream.  The  most 
remarkable  phenomenon  connected  with  the  Nile 
is  its  annual  regular  increase,  arising  from  the 
periodical  rains  which  fall  within  the  equatorial 
regions  and  the  Abyssinian  Mountains.  As  rain 
rarely  falls  in  Egypt,  the  prosperity  of  the 
country  entirely  depends  on  this  overflowing  of 
the  river.  On  the  subsiding  of  the  water  the 
land  is  found  to  be  covered  with  a  brown 
slimy  deposit,  which  so  enriches  the  soil  that 
with  a  sufficient  inundation,  it  produces  twq 
crops  a  year,  while  beyond  the  limits  of  the 
inundation  there  is  no  cultivation.  The  Nile 
begins  to  rise  about  the  middle  of  June  and 
continues  to  increase  until  about  the  end  of 
September,  overflowing  the  lowlands  along  its 
course,  the  water  being  conveyed  to  the  fields 
by  artifioial  courses  where  natural  channels  fail. 
After  remaining  stationary  for  a  short  time, 
the  river  rises  again  but  subsequently  begins  to 
subside,  showing  a  markedly  lower  level  in 


January,  February  and  March  and  reaching  its 
lowest  in  April,  May  and  early  June.  The  over- 
flow water  is  now  to  a  great  extent  managed 
artificially  by  means  of  an  extensive  system  of 
reservoirs  and  canals,  so  that  after  the  river 
subsides  it  may  be  used  as  required.  A  certain 
proportion  of  the  fields,  after  receiving  the  over- 
flow and  being  sown,  can  ripen  the  crop  without 
further  moisture;  but  many  others  always  re- 
quire artificial  irrigation.  Steam  pumps  arc 
now  largely  used  in  northern  Egypt.  Latterly 
the  government  has  tried  to  make  the  farmers 
less  and  less  directly  dependent  on  the  inunda- 
tion, and  the  great  barrage  of  the  Nile  below 
Cairo,  the  largest  weir  in  the  world,  is  one 
means  to  this  end,  the  great  dam  or  barrage  at 
Assouan  being  another. 

The  native  methods  of  raising  water  for  irri- 
gation arc  chiefly  by  the  sakieh,  or  water  wheel, 
and  the  shddouf.  The  first  consists  of  a  hori- 
zontal wheel  turned  by  one  or  two  oxen,  which 
sets  in  motion  a  vertical  wheel,  around  which 
are  hung  a  number  of  earthen  jars,  this  wheel 
being  sunk  into  a  reservoir  connected  with  the 
river.  The  jars  thus  scoop  up  the  water  and 
bring  it  to  a  trough  on  a  level  with  the  top. 
Into  this  trough  each  jar  empties  itself  in  suc- 
cession and  the  water  is  conducted  by  an  in- 
clined channel  into  the  cultivated  ground  ad- 
joining, which  may  have  been  previously  divided 
into  compartments  of  1  or  2  yards  square  by 
raising  the  mold  into  walls  or  ridges  of  S  or  6 
inches  in  height  Into  these  compartments  the 
cultivator  forms  an  entrance  for  the  water  by 
depressing  a  little  space  in  the  ridge  or  wall 
with  the  sole  of  his  foot ;  and  this  overlooking 
of  the  channels  of  irrigation  atid  adjustment  of 
the  openings  from  one  compartment  to  the 
other  with  the  foot  is  continued  till  the  culti- 
vator is  assured  by  the  growth  of  the  plants 
that  each  compartment  is  daily  and  duly  sup- 
plied with  its  proper  quantity  of  water.'  The 
second  means  of  raising  water,  namely,  the 
shddouf,  consists  of  a  lea:htr  bucket  slung  at 
one  end  of  a  pole  which  has  a  weight  at  the 
other  and  sways  up  and  down  on  a  vertical  sup- 
port, a  contrivance  by  which  the  cultivator  is 
enabled  to  scoop  up  the  water  considerably 
below  his  feet  and  raise  it  with  comparative 
ease  to  the  mouth  of  a  channel  on  a  level  with 
his  breast.  The  latter  mode  of  raising  water  is 
of  great  antiquity  and  is  depicted  on  the  walls 
of  the  ancient  tombs  of  Egypt  and  also  in  the 
sculptures  of  Nineveh.  A  sufficient  rise  of  the 
river  (the  rise  varies  at  different  points)  is 
essential  to  secure  the  prosperity  of  the  country; 
and  as  the  water  subsides,  the  chaplet  of  buckets 
on  the  sak'eb  is  lengthened,  or  several  shddouf s. 
rising  one  above  the  other  on  the  river  bank, 
are  required.  Should  the  Nile  rise  above  the 
requisite  height  it  may  do  great  damage ;  on  the 
other  hand  if  it  should  not  attain  the  ordinary 
height,  there  is  a  deficiency  of  crops ;  but  with 
rare  exceptions,  the  inundations  arc  regular  and 
nearly  uniform.   See  Dfxta;  Irrigation. 

The  Nile  Barrage.—  One  of  the  greatest 
wonders  of  modern  times,  rivaling  the  Pyra- 
mids of  the  ancients,  is  the  Nile  Barrage. 
Thanks  to  Lord  Cromer  and  Lord  Kitchener, 
the  stupendous  work  at  Assouan  and  Assiut  of 
taming  the  Nile,  is  an  accomplished  fact.  Egypt 
is  no  more  subject  to  the  caprices  of  the  Nile. 
The  precious  fertilizing  fluid  coming  down  from 
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equatorial  Africa  by  way  of  Bahr-el-Ghazal  and 
Bahr-el-Abyad  are  halted  and  stored  in  an  im- 
mense reservoir  200  miles  long,  with,  since  1912, 
a  holding  capacity  of  9,000,000  cubic  feet 
By  the  giving  of  perpetual  irrigation  two  or 
three  crops  may  be  raised  annually,  and  the 
productivity  of  the  soil  is  increased  by  50  per 
cent.  Millions  of  acres  on  both  sides  of  the 
river  have  been  reclaimed.  Other  works  have 
been  constructed  within  the  past  10  years,  show- 
ing equally  marvelous  results.  Egypt's  pros- 
perity always  depended  upon  the  Xile.  The 
"seven  year  famine"  recorded  in  Scripture  was 
the  result  of  insufficient  irrigation,  and  there  is 
an  earlier  instance  of  a  similar  character  re- 
corded in  hieroglyphics  on  the  rocks  of  Assouan. 
After  many  centuries  of  inertness  and  decay 
Egypt  lifts  up  her  head  and  promises  to  become 
again  the  storehouse  of  the  East 

Oases. —  The  fertile  spots  peculiar  to  the 
deserts  of  Africa  are  found  in  Egypt  along  the 
hollow  region  of  the  Libyan  Desert,  parallel  to 
the  general  direction  of  the  valley  of  the  Nile, 
and  above  80  miles  west  of  it.  The  Great  Oasis 
or  Wah-el-Khargch,  lies  immediately  west  of 
the  Thcbaid,  and  has  a  length  of  100  miles. 
About  50  miles  west  of  the  northern  extremity 
of  this  oasis  lies  the  Wah-el-Dakhilch  24  miles 
long  and  10  miles  broad.  West  by  south  from 
the  Fayum  the  date  groves  of  the  Little  Oasis, 
or  Wah-cl-Baharieh,  display  their  unusual  ver- 
dure. In  tfiis  fertile  spot  artesian  wells  are 
numerous  and  some  of  ancient  construction 
have  been  discovered  which  have  a  depth 
exceeding  400  feet.  On  the  road  between  this 
oasis  and  that  of  El  Dakhileh,  inclining  to  the 
west,  occurs  half  way  the  Wah-el-Farafrah  of 
small  extent.  West  of  the  Fayum  and  about 
200  miles  from  the  Nile,  lies  the  oasis  of  Siwah. 
The  inhabitants  of  this  secluded  spot,  though 
tributary  to  Egypt,  are  in  language  and  manners 
wholly  Libyan.  The  region  of  the  oases  termi- 
nates toward  the  north  in  the  desert  of  the 
Natron  lakes.    See  Oasis. 

Fauna. —  Owing  to  (he  absence  of  forests  in 
Egypt  there  are  few  wild  animals,  the  principal 
species  being  the  fox,  jackal,  hvena,  the  wild 
ass,  the  ibex  in  the  Red  Sea  hills  and  several 
kinds  of  antelope.  The  chief  domestic  animals 
are  camels,  horses,  asses,  horned  cattle  and 
sheep.  The  hippopotamus  is  no  longer  found  in 
Egypt,  though  it  is  met  with  in  the  Nile  above 
the  cataracts  and  the  crocodile  is  found  in 
Upper  Egypt.  Among  the  birds  are  three  species 
of  vultures  (one  of  whirh  is  very  large,  individ- 
uals sometimes  mcastirincr  eight  feet  across  the 
wings),  eagles,  falcons,  hawks,  buzzards,  kites, 
crows,  linnets,  larks,  sparrows  and  the  beautiful 
hoopoe,  which  is  regarded  with  superstitious 
reverence.  Pigeons,  quail  and  various  kinds  of 
poultry  are  very'  abundant  and  numerous  aquatic 
birds  and  pelicans.  The  ostrich  is  found  in  the 
deserts.  Among  the  reptiles  are  the  horned 
viper  {cerastes)  and  the  asp  (naja  haja),  ln>th 
poisonous.  Fishes  abound  in  the  Nile  and  lakes 
and  furnish  a  favorite  article  of  food.  Water- 
fowl are  plentiful  and  were  anciently  prepared 
and  salted  like  fish.  The  sacred  ibis  is  still 
a  regular  visitor  during  the  inundation  and  the 
pelican  is  found  in  the  northern  lasroons.  Among 
the  countless  insects  are  the  sacred  beetle 
(Alruchus  sacrr)    and  the  migratory  locust. 

Flora. — The  few  trees  found  in  Egypt  in- 
clude the  date-palm,  tamarisk,  sycamore,  Christ's- 


thorn,  carob  and  two  species  of  acacia.  Many 
trees  have  been  planted  in  recent  times,  espe- 
cially about  Cairo,  such  as  th  e  lebbek  (Attnszio 
Lebbek)  and  the  eucalyptus.  The  papyrus  plant, 
once  so  important,  is  now  to  be  found  only  in 
one  or  two  spots.  A  paper  was  manufactured 
from  it,  which  was  supplied  to  all  the  ancient 
world.  Boats,  baskets,  cords  and  shoes  were 
also  made  from  it.  \\  ine  was  abundantly  pro- 
duced in  ancient  Egypt  and  the  sculptures  bear 
ample  testimony  to  the  extent  to  which  the  an- 
cient Egyptians  indulged  in  wine  and  beer  or 
other  intoxicating  beverages.  The  vine  is  still 
much  cultivated,  but  little  or  no  wine  is  made, 
as  it  can  easily  be  imported.  The  following  plants 
are  sown  immediately  after  the  inundation  be- 
gins to  subside  and  are  harvested  three  or  four 
mouths  later .  wheat,  barley,  beans,  peas,  lentils, 
vetches,  lupins,  clover,  flax,  lettuce,  hemp,  cori- 
ander, poppies,  tobacco,  watermelons  and  cucum- 
bers. The  following  plants  are  raised  in  summer 
chiefly  by  means  of  artificial  irrigation:  durra, 
maize,  onions,  henna,  sugar-cane,  cotton,  coffee, 
indigo  and  madder.  Several  varieties  of  dates 
and  grapes  arc  the  most  common,  but  other 
fruits  such  as  figs,  pomegranates,  apricots, 
peaches,  oranges,  lemons,  citrons,  bananas,  mul- 
berries and  olives  arc  plentiful.  The  lotus  or 
water-lily  is  the  chief  species  of  flower  found 
in  Egypt.  There  is  a  high  coarse  grass  called 
halfa  and  various  kinds  of  reed  and  canes. 

Geology  and  Mineralogy.— Granite,  eocene 
limestone  and  sandstone  are  the  principal  rock 
formations  found  in  Egypt.  But  in  the  Nile 
Valley  from  25°  North  Latitude  to  the  Fayum, 
sandstone  predominates.  At  Syene,  the  southern 
extremity  of  Egypt  proper,  granite  predomi- 
nates. Its  quarries  have  supplied  the  materials 
for  the  obelisks  and  many  colossal  statues  of 
Ancient  Egypt.  A  great  extent  of  the  country  is 
covered  with  moving  sands;  the  soil  bordering 
the  Nile,  owing  to  the  encroachment  of  the 
shifting  sands  of  the  desert,  consists  of  an  argil- 
laceous earth  or  loam,  more  or  less  mixed  with 
sand.  This  sedimentary  deposit  shows  no  trace 
of  stratification.  In  addition  to  those  already 
mentioned,  there  are  various  other  minerals, 
which  were  employed  in  architecture,  sculpture, 
etc.  These  include  syenite,  basalt,  alabaster, 
breccia  and  porphyry.  Among  other  valuable 
products  of  Ancient  Egypt  were  emeralds,  gold 
from  the  mines  in  Upper  Egypt,  iron  from  the 
desert  plains  of  Nubia  and  natron  from  the 
lakes  in  the  Oasis  of  Ammon  (hence  named  Am- 
monia, Latin  sal-am  moniacum).  Bitumen,  salt 
and  sulphur  are  also  among  the  minerals  of 
Egypt. 

Government. —  Egypt  in  modern  times  has 
been  held  as  a  suzerain  of  Turkey  under 
the  rule  of  a  Khedive.  In  1879  it  came 
under  the  joint  control  of  Great  Britain 
and  France  as  security  for  the  European 
bondholders.  During  the  rebellion  organized 
by  Arabi  Pasha  in  1882  France  refused  to  inter- 
vene and  after  his  defeat  and  the  restoration 
of  the  Khedive's  authority  the  dual  control  came 
to  an  end  and  the  government  of  the  country 
was  effectively  controlled  by  the  British  authori- 
ties, but  still  under  Turkish  suzerainty.  Since 
the  beginning  of  the  British  occupation  great 
reforms  have  been  carried  through  in  every 
department  of  the  public  service;  the  finances 
have  been  placed  on  a  sound  basis ;  extensive 
public  works  have  been  carried  through;  the 
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Sudan  (q.v.)  has  been  reconquered  and  the  fear 
of  incursions  f  rom  the  south  brought  to  an  end. 

In  1883  an  organic  law  was  promulgated  by 
the  Khedive  creating  a  number  of  representative 
institutions  whose  functions  were  almost  wholly 
consultative.  In  July  1913  this  law  was  repealed 
by  an  act  bringing  into  operation  a  legislative 
assembly  consisting  of  85  members,  66  of  whom 
are  elective  and  in  which  the  ministers  sit. 
Provincial  councils  have  been  organized  with 
powers  of  regulation  over  markets,  local  admin- 
istration and  elementary  vernacular  education 
and  trade  schools. 

Justice. —  The  administration  of  Egyptian 
justice  is  extremely  complicated.  There  are 
four  classes  of  courts:  (1)  The  mehkemmeks, 
or  Mohammedan  courts,  conducted  according 
to  the  precepts  of  the  Koran  and  the  principles 
of  the  Mohammedan  religion,  and  retaining 
jurisdiction  in  matters  of  personal  law  only. 
(2)  The  so-called  native  tribunals,  composed  of 
90  summary  tribunals,  8  central  tribunals  and 
a  court  of  appeals  at  Cairo.  These  deal  with 
crimes  committed  by  natives  and  civil  actions 
between  natives.  The  most  recent  addition  in 
this  category  has  been  the  creation  of  village 
or  cantonal  courts,  having  powers  analogous  to 
those  possessed  by  English  justice  of  peace 
courts.  ^  (3)  The  consular  courts,  which  deal 
with  civil  cases  between  foreigners  of  the 
same  nationality  and  also  try  criminal  cases  in 
which  the  accused  are  foreigners  not  within  the 
jurisdiction  of  the  mixed  tribunals.  (4)  The 
mixed  tribunals,  dating  from  1876,  which  have 
jurisdiction  in  all  matters  civil  and  commercial 
between  natives  and  foreigners  or  between  for- 
eigners of  different  nationalities.  These  courts 
are  admittedly  successful.  A  code  of  laws  has 
been  published  for  the  greater  systemization  of 
native  jurisprudence. 

Education. —  The  chief  scat  of  Koranic  edu- 
cation is  the  famous  University  of  El  Azhar, 
founded  by  Saladin  about  1170  and  still  em- 
ploying the  same  methods  of  instruction  that 
were  originally  in  use.  The  faculty  numbered 
in  1918  alwut  300  moulahs  or  priests,  many 
having  wide  reputation  for  scholarship;  the 
students,  some  10,000,  are  from  India,  Turkey, 
Syria,  Afghanistan  and  other  Mohammedan 
countries.  There  is  no  regular  university  or- 
ganization nor  arrangement  for  the  endowment 
of  departments  or  founding  of  chairs.  Anyone 
who  can  collect  a  class  is  allowed  to  lecture. 
Frequently  the  professors  practise  law,  hold 
clerkships  or  are  connected  with  mosques  in 
Cairo.  There  is  no  charge  for  instruction. 
Three-fourths  of  the  students  study  theology, 
though  other  "ologies9  and  geography,  philoso- 
phy and  astronomy  are  also  taught.  There  arc 
also  in  Cairo  eight  colleges  and  professional 
schools  of  excellent  grade.  The  Egyptian  Min- 
istry of  Public  Instruction  has  under  its  direc- 
tion schools  for  engineering,  medicine,  law  and 
agriculture,  technical  schools  and  normal  train- 
ing schools  for  teachers  A  military  school  is 
under  the  management  of  the  war  office.  The 
number  of  indigenous  schools  under  control  of 
the  provincial  councils  on  31  Dec  1915  was 
3,666,  with  a  total  enrolment  of  250,575  (225,073 
hoys).  Hiqhcr  educational  institutions  under 
the  board  of  education  have  an  enrolment  of 
2n,n62  (  20,507  boys,  6.115  girls).  Of  native 
Egyptians,  according  to  the  census  of  1°07.  85 


per  1,000  males  were  able  to  read  and  write  and 
three  per  1,000  females. 

Technical  Training.— In  1907  the  authori- 
ties introduced  a  new  system  of  technical  edu- 
cation in  Egypt  under  the  direction  of  Mr. 
Sidney  Wells,  which  has  made  remarkable 
progress  despite  peculiar  difficulties  in  a  coun- 
try where  a  technical  or  an  industrial  career 
carried  with  it  a  social  stigma.  It  was  divided 
into  three  branches  —  industrial,  agricultural, 
commercial.  In  the  first  two  branches,  obvi- 
ously the  most  important  three  sections  have 
been  organized,  corresponding  with  the  social 
grades  of  the  people  and  the  needs  of  the 
various  classes  of  either  branches.  In  the  gen- 
eral educational  scheme  are  the  Kittabs  or  vil- 
lage schools,  the  primary  and  the  secondary 
schools.  The  new  plan  provides  for  manual 
workmen,  foremen  and  managers  and  skilled 
professional  workers.  Under  industrial  educa- 
tion arc  comprised  trade  schools,  a  technical 
school  and  a  school  of  engineering;  under  agri- 
cultural are  included  farm  schools,  intermediate 
schools  and  a  school  for  agriculture.  The  trade 
schools  — some  called  model  workshops  —  pro- 
vide a  system  of  apprenticeship  in  trades  that 
are  in  demand  and  of  local  interest;  the  ap- 
prentices, all  of  the  poorer  classes  and  from  the 
age  of  12  and  with  but  a  very  rudimentary 
knowledge,  are  taught  a  four  years'  course  in 
carpentry,  furniture-making,  plumbing,  shoe- 
making,  tailoring,  saddlery,  etc.  They  accept 
outside  work,  and  in  1914  17  such  workshops 
executed  orders  valued  at  $150,000.  The  11 
farm  schools  afford  practical  training  in  ele- 
mentary agricultural  matters  to  the  poorer 
class. 

Demanding  primary  certificates  the  Boulac 
technical  and  the  intermediate  agricultural 
schools  deal  with  the  middle  classes.  The  first 
has  three  sections  in  a  four-year  course  —  me- 
chanical and  electrical  engineering,  building 
trades  and  scavenging,  artistic  crafts  The 
second,  in  a  three-year  course,  creates  in  the 
first  case  draftsmen,  architects,  assistant  engi- 
neers, builders,  clerks  and  lecturers  on  techni- 
cal topics ;  and  also  to  improve  the  knowledge 
of  landed  proprietors  and  to  train  pupils  to  fill 
managers'  positions.  The  highest  schools  — 
those  of  engineering  and  agriculture  —  form, 
with  the  schools  of  medicine  and  law,  the 
nucleus  for  the  future  university.  The  course 
is  four  years  and  conditioned  on  the  secondary 
certificate.  Irrigation,  engineering  and  archi- 
tecture, with  very  advanced  agricultural  educa- 
tion, are  taught.  'Graduates  are  fitted  to  fill 
vacancies  jn  the  ministries  of  public  works  and 
agriculture,  to  become  expert  lecturers  and  oc- 
cupy higher  technical  posts  outside  government 
service.  Besides  mere  instruction  the  depart- 
ment encourages  local  industries  and  introduces 
modern  methods  in  carpet  making  or  weaving 
and  will  provide  new  industries  after  the  pres- 
ent war.  A  specialty  has  been  made  in  Upper 
Egypt  of  the  manufacture  out  of  natural  col- 
ored wools  of  carpets  of  much  beauty  and 
unique  design. 

Commercial  education,  the  third  branch  of 
technical  training,  is  more  recent.  Evening 
classes  for  shorthand  and  then  in  typewriting, 
commercial  arithmetic  and  bookkeeping  (in 
English,  French  and  Arahic)  were  established 
in  Cairo,  Alexandria  and  Mansura.  LMpu,two 
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schools  of  commerce  were  opened,  to  include 
specializing  in  accountancy,  secretarial  work 
and  general  commerce.  The  authorities,  too, 
co-operate  with  the  training  of  girls  at  the 
Cairo  Trade  School  where  dressmaking,  em- 
broidery and  stocking-making  are  taught,  the 
articles  being  sold  at  an  adjacent  shop.  Fur- 
ther five  economic  schools  are  operated.  In 
the  51  schools  imparting  various  kinds  of  in- 
struction are  over,  5,500  pupils;  nine  years  ago 
there  were  1,029  pupils  m  eight  such  schools. 
Efforts  will  be  made  not  to  neglect  the  many 
native  industries  in  the  encouragement  of  cer- 
tain European  trades.  Consult  London  Times 
Educational  Supplement,  7  Sept.  1915. 

Religion, — At  the  present  day  about  91.84 
per  cent  of  the  people  in  Egypt  profess  the 
Sunnite  (Mohammedan)  faith,  and  7.81  per 
cent  Christian.  The  Armenians  also  have  a 
church  and  a  bishop  at  Alexandria  and  Cairo. 
There  is  an  American  mission  in  both  cities, 
but  the  natives  arc  conservative  and  not  inclined 
toward  religious  beliefs  other  than  their  own. 

Commerce  and  Industry. —  To-day  the  one 
branch  of  industry  for  which  Egypt  is  pecu- 
liarly adapted  by  nature  is  agriculture  and 
larjje  quantities  of  cereals,  cotton  and  other 
agricultural  produce  are  raised;  yet,  generally 
speaking,  agriculture  is  still  in  a  very  low  state, 
the  necessary  consequence  of  the  wretched  con- 
dition and  extreme  poverty  of  those  engaged  in 
it.  The  Egyptians  still  adhere  to  their  ancient 
custom  of  uniting  the  followers  of  each  busi- 
ness or  profession  into  a  guild,  governed  by 
their  sheikh,  who  acts,  if  need  be,  as  their  rep- 
resentative. These  guilds  are  exceedingly  nu- 
merous, as  might  be  expected  among  a  people 
whose  social  organization  dates  from  a  remote 
antiquity. 

Among  the  crops  which  the  Egyptians  grow 
with  success,  cotton  is  the  most  popular  and 
profitable.  (See  Cotton).  The  cotton  plant  of 
Egypt  differs  materially,  in  one  respect  at  least, 
from  that  of  other  countries.  In  America  it 
has  been  found  unprofitable  to  allow  the  plants 
to  continue  in  the  ground  longer  than  one  year. 
In  Egypt,  however,  the  case  is  different,  for  the 
cotton  plant  yields  five,  and  sometimes  six,  con- 
secutive crops  before  replanting  is  found  to  he 
necessary.  This  being  the  case,  a  cotton  field 
once  planted  is  a  secure  investment  for  at  least 
five  years,  and  as  peasants  of  the  Nile  do  not 
love  labor,  more  cotton  is  grown  in  Egypt  in 
proportion  to  the  population  engaged  in  agricul- 
ture than  in  any  other  part  of  the  world.  In 
both  Upper  and  Lower  Egypt  cotton  is  there- 
fore the  standard  crop,  and  as  it  is  not  troubled 
with  worms  as  in  America,  and  by  the  method 
of  irrigation  the  farmer  can  give  it  exactly  the 
right  portion  of  moisture  and  no  more,  the  crop 
is  tolerably  reliable.  Boats  transport  the  prod- 
uct to  Cairo  or  to  Alexandria,  the  leading 
cotton  markets.  The  exchange  in  the  former 
city  is  located  on  one  of  the  principal  streets, 
while  the  market  proper  is  in  a  public  square 
opposite  the  ercat  mosque  of  Hassan.  The  time 
of  the  river  journey  to  Alexandria  is  from  six 
days  to  six  months,  but,  as  the  Mohammedans 
say,  "God  is  great,  and  there  is  no  hurry." 

The  business  of  tanning  is  also  one  of  the  in- 
dustries in  which  the  Egyptians  perfectly  suc- 
ceed, by  a  process  peculiar  to  themselves.  They 
make  excellent  morocco  leather,  which  is  goat- 
skin dressed  and  dyed  in  a  particular  manner. 
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The  pottery  of  Egypt  also  deserves  a  word  of 
praise,  chiefly  for  the  merit  of  the  bardaks  or 
water-jars.  Coarse  cotton  cloths,  and  cloths  of 
mixed  cotton  and  wool,  are  largely  made  in  the 
country;  silk  is  cultivated  to  some  extent;  and 
the  cultivation  of  the  sugar-cane  received  a  great 
impulse  from  the  viceroy,  Ismail,  who,  at  a 
great  expense,  erected  a  number  of  mills.  Goods 
carried  by  the  Suez  Canal  do  not  form  part  of 
the  commerce  of  the  country,  and  the  transit 
trade  proper  is  of  little  importance.  In  1915, 
4,590  steamers  of  registered  tonnage  of  12,353,- 
573  cleared  at  Egyptian  ports  and  1,465  sailing 
vessels  (foreign  and  coastal)  of  85,726  tons. 
The  produce  of  cotton  had  increased  from 
f.,001,000  kantars  (1  kantar  =  99.05  lbs.)  in 
1909-10  to  6.878.000  kantars  in  1914-15.  In 
1915  the  area  sown  and  yield  of  wheat  were 
1,592,085  acres  and  1,060,000  tons;  barley  462.- 
577  acres  and  300,000  tons;  maize  and  millet, 
2,194.031  acres;  rice.  330.923  acres.  In  the  same 
year  the  sugar  exports  amounted  to  26,257  tons, 
valued  at  $2,868,0/5,  and  of  the  cotton  exports 
to  6,899,122  kantars  valued  at  $95,728,220.  The 
imports  for  1915  were  valued  at  $96,644,965 
(of  which  Great  Britain  sent  $43,692,990)  and 
exports  at  $135,234,360  (of  which  Great  Britain 
took  $69,678,125). 

Finances. —  The  unfortunate  financial  situa- 
tion under  the  former  khedives,  becoming 
bankrupt  in  the  time  of  Ismail  Pasha,  was  in 
reality  a  blessing  in  disguise  for  the  laboring 
classes,  since  it  led  to  the  reform  of  conditions 
which  had  become  well-nigh  intolerable.  The 
taxes  were  exacted  with  brutal  rigor,  even 
torture  being  resorted  to  in  their  collection  and 
they  were  moreover  excessive.  The  principal 
taxes  were  the  Kharagh  or  territorial  tax, 
Wtrka  or  income  tax  and  Himl  or  tax  on  com- 
merce. From  the  start  the  property  of  the 
khedive  and  his  higher  officials  were  exempted. 
The  English  regime  has  lowered  the  imposts 
by  over  £2,000.000  ($10,000,000)  annually  and 
has  abolished  altogether  the  hated  tax  on  salt, 
also  the  bridge  and  port  tolls  on  the  Nile  and 
those  collected  from  trading  barks  and  fishing 
vessels.  The  registration  tax  on  land  sales  has 
been  reduced  from  5  to  2  per  cent,  also  those 
on  water  transport,  and  the  customs  duties  on 
coal,  combustible  liquids,  building  wood,  petro- 
leum, meat  and  foodstuffs.  The  inland  fisheries 
have  been  relieved  of  the  vexatious  restrictions 
under  which  they  formerly  labored  The  postal, 
telegraph  and  railway  rates  have  also  under- 
gone a  material  reduction.  Thus  it  may  be  said 
that  at  present  the  Egyptians,  especially  those 
dwelling  in  the  cities  and  towns,  are  unburdened 
by  imposts  of  any  kind.  Up  to  1888  the  finances 
of  the  country  were  piling  up  a  yearly  deficit. 
This  condition  has  been  remedied  until  there 
is  now  an  annual  surplus  and  each  year  there  ap- 
pears less  and  less  necessity  of  imposing  special 
taxes  for  the  various  public  works  which  the 
country  needs  imperatively  and  the  government's 
reserve  fund  has  increased  and  also  the  sum  set 
aside  for  the  amortization  of  the  foreign  debt. 
There  has  been  established  a  Farmers'  Bank 
which  has  advanced  over  £9,000,000  ($45,000,- 
000)  to  the  cultivators  of  the  soil  through  the 
medium  of  co-operative  societies  under  the 
patronage  of  the  government.  Until  1885  resi- 
dent Europeans  were  exempt  from  taxes,  oc- 
cupying a  privileged  situation,  thanks  to  the 
capitulation  privileges  granted  at  the  time  the 
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Turks  were  defeated.  In  the  year  mentioned, 
however,  the  several  powers  interested  declared 
resident  Europeans  subject  to  several  taxes, 
such  as  the  house  tax,  stamps  and  licenses,  etc., 
but  these  provisions  were  not  enforced  until 
1891.  The  1913  budget  estimated  the  revenues 
from  all  sources  at  $8,065,000  and  the  disburse- 
ments at  $78,150,000.  The  chief  sources  of 
revenue  arc  land  taxes,  about  $27,500,000  annu- 
ally  railways  ($19,000,000)^  customs  ($11,000.- 
000)  and  tobacco  ($19,000,000).  The  chief 
items  of  disbursement  are :  administration  costs 
(about  $25,000,000  yearly),  the  debt  service 
($17,500,000  yearly)  and  the  railways  ($10,000,- 
000  yearly).  The  foreign  debt  of  Egypt  dates 
from  1862  when  loans  were  made  to  wipe  out 
the  floating  debt.  Other  loans  followed  and 
finances  were  subject  to  the  joint  direction  of 
France  and  England  until  1879.  In  1876  the 
several  issues  were  consolidated  into  one  debt 
of  $455,000,000.  The  administration  of  the 
finances  is  almost  entirely  in  British  hands.  In 
1912  the  foreign  debt  consisted  of  the  3  per 
cent  guaranteed  loan  of  $36,592,500,  the  3V4 
per  cent  privileged  debt  of  $155,638,900,  the 
unified  4  per  cent  debt  of  $279,859,800  and  the 
AYt  per  cent  dominion  loan  of  $1,017,100,  a 
total  foreign  debt  of  $473,108,300,  with  yearly 
interest  of  $17,803,473.  Reserve  fund  estab- 
lished in  1880-90  amounted  in  1911  to  $29,- 
238,060.  At  the  beginning  of  1913  the  for- 
eign debt  was  reduced  to  $471,748,400.  The 
revenue  for  1915-16  was  $73,780,000  and  the 
expenditure  $79,500,000.  In  January  1915  the 
public  debt  stood  at  $470,144,200,  the  charges  for 
interest  and  sinking  fund  amounting  to  $17.- 
756,330. 

Money,  Weights  and  Measures.— By  de- 
cree of  14  Nov.  1883  the  monetary  unit  of 
Egypt  is  the  Egyptian  pound,  divided  into  100 
piastres,  weighing  8.5  grammes,  .875  fine  and 
containing  therefore  7.4375  grammes  of  pure 
gold.  Therefore  I  E=  £1  —  0s  —  6}4  ^$5.00. 
The  piastre  (kush  or  kurush)  equals  5  cents, 
and  is  divided  into  10  parts  called  ochrel 
guerche. 

The  principal  pieces  in  circulation  are  the 
pound;  20,  10,  5,  2  and  1  piastre  pieces  (silver)  ; 
1,  Vi,  1/5  and  1/10  of  a  piastre  (nickel),  and  }4 
and  1/40  piastre  for  copper  pieces. 

The  unit  of  capacity  is  the  ardeb,  equal  to 
43.759  English  gallons  or  5.44739  bushels.  Its 
approximate  weight  is  315  rotls  for  wheat  and 
maize,  320  rolls  for  beans,  250  rotls  for  barley 
and  260  rotls  for  cotton  seed.  Weights  are  the 
okieh  — 1.3206  English  ounces,  the  rotl**1 
0.99069  English  pounds,  the  Ofcr=2.7513  pounds 
and  the  Kantor  =  100  rotls  or  36okes  or  99.0492 
pounds.    Linear  measures  are  the  diraa  baladi 

—  22.8350  inches;  the  diraa-mimari  =  29.5281 
inches,  and  the  kassaba  ™  139.7663  inches.  For 
square  measure :  the  feddan  » 7.468  square  pics ; 
pic  =0.562  square  metres  =  0.936  inches. 

Railways,  Telegraphs  and  the  Post-Office. 

—  On  1  Jan.  1915  there  were  2.065  miles  of  rail- 
way under  state  control  (exclusive  of  the 
Sudan  Military  Railway )  and  816  miles  of  light 
railways  privately  owned.  In  1914,  3,594,049 
tons  of  freight  were  carried,  and  24215,000 
passengers,  with  net  receipts  of  $1,061,912. 
Telephones  and  telegraphs  belonging  to  the 
Egyptian  government  on  1  Jan.  1915  had  a  total 
length  of  9.230  kilometers^  the  length  of  the 
wires  being  21,882  kilometers.    The  Eastern 


Telegraph  Company  has  (by  concessions)  lines 
across  Egypt  from  Port  Said  to  Suez  and  from 
Alexandria  (via  Cairo)  to  Suez.  There  were 
in  1914  1,937  post-offices  and  stations  in  Egypt. 

Army  and  Navy.— On  19  Sept.  1882,  the 
organization  of  the  Egyptian  army  was  placed 
in  the  hands  of  a  British  officer,  with  the  title 
of  Sirdar.  Military  service  is  compulsory,  but 
since  a  very  small  army  is  maintained  only  a 
very  small  portion  of  the  men  of  military  age 
are  in  the  ranks.  The  term  of  service  is  three 
years.  The  forces  consist  of  administration 
officials,  music  corps,  four  squadrons  of  cavalry, 
nine  Egyptian  and  seven  Sudanese  battalions  of 
infantry,  a  camel  corps,  artillery  and  sanitation 
corps,  engineers  and  railway  corps,  and  a 
veterinary  corps.  There  is  a  total  of  138  Eng- 
lish officers,  709  Egyptian  officers  and  18,381  Eng- 
lish soldiers.  The  army  of  occupation,  or  the 
English  garrison,  consists  of  a  cavalry  regiment, 
a  battery  of  artillery,  a  mountain  battery,  a  com- 
pany of  engineers  and  four  battalions.  It  is 
stationed  in  the  Delta.  Moreover,  in  the  Sudan, 
there  is  a  battalion  of  infantry  and  a  detach- 
ment of  artillery.  The  total  English  force 
numbers  6,067  men  of  all  arms.  The  Egyptian 
government  makes  an  annual  budget  provision 
of  $750,000  for  the  maintenance  of  the  .English 
force.  The  navy  consists  of  a  steamer  for 
coast  and  lighthouse  service,  five  revenue  cut- 
ters, two  of  which  are  steam  vessels,  five  skiffs. 
11  schooners  and  one  school  ship.  On  the 
Upper  Nile  arc  three  steamers  and  eight  gun- 
boats. No  details  are  available  since  the  out- 
break of  the  European  War,  when  the  defense 
of  the  country  was  undertaken  largely  by  troops 
from  the  overseas  Dominions,  aided  by  British 
warships  in  the  Suez  Canal.  Sec  section  His- 
tory—Egypt during  the  European  War. 

Ethnology. —  The  origin  of  the  Egyptians 
is  unknown.  Ethnologists  have  endeavored  to 
establish  a  relationship  with  the  peoples  of  the 
south,  any  differences  being  accounted  for  by 
variations  of  environment.  Philologists  have 
looked  to  the  East  for  their  next  of  kin  as  re- 
gards descent  as  well  as  speech.  It  has  been 
thought  by  some  that  an  Eastern  origin  is  indi- 
cated by  the  fact  that  the  Egyptian  oriented 
himself  by  looking  to  the  south,  but  this  is 
rather  due  to  the  direction  of  the  Nile.  Be- 
tween the  results  thus  reached  there  is  an 
evident  conflict,  with  no  obvious  means  of 
harmonizing  them.  It  has  been  suggested  that 
the  facts  can  best  be  reconciled  upon  the 
theory,  not  of  a  migration  of  a  whole  people, 
but  of  an  incursion  of  a  smaller  band  who  suc- 
ceeded in  establishing  their  rule  over  the 
original  people  and  in  gradually  forcing  their 
own  language,  as  that  of  a  ruling  class,  upon 
those  whom  they  had  subjugated,  while  still  the 
ancient  ethnological  type  persisted.  This 
theory  is  merely  a  working  hypothesis,  and  it 
has  reference  to  a  time  long  anterior  to  any 
historical  monuments  or  traditions,  for  long 
before  the  earliest  extant  inscription  Egypt  was 
a  united  country  under  the  rule  of  native  kings, 
and  possessed  of  a  well  and  independently  de- 
veloped government  and  of  well-defined  classes 
of  society.  Judging  from  the  language  and  the 
physical  condition  of  the  mummies  of  ancient 
Egypt,  the  population  appears  to  have  been  of 
mixed  origin,  part  Asiatic  and  part  Nigritic; 
and  there  seems  also  to  have  been  an  aboriginal 
race  of  copper  color,  with  rather  thin  legs, 
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large  feet,  high  cheek-bones  and  large  lips; 
both  types  are  represented  on  the  monuments. 

A  national  name  for  the  people  as  such 
never  seems  to  have  existed.  Among  them- 
selves they  were  Romet,  men,  par  excellence;  all 
others  were  inferior  races,  •miserable"  Cushites, 
Libyans,  Asiatics,  Sham  They  themselves 
were  the  wards  of  the  great  gods,  and  Pharaoh 
was  descended  from  Ra,  who  had  himself  once 
ruled  in  Egypt.  Other  peoples  were  descended 
from  the  enemies  of  their  deities,  and  when  Ra 
had  overthrown  them  at  Edf  u  a  portion  escaped, 
those  southward  became  Ethiopians,  northward 
Asiatics,  westward  Libyans,  eastward  Bedouin. 

Personal  experience  has  warped  the  judg- 
ment of  observers  as  to  their  character. 
Herodotus  praises  the  cleverness  of  the  Egyp- 
tians and  their  excellence  of  memory ;  Diodorus 
declares  them  to  be  the  most  grateful  of  people; 
the  Emperor  Hadrian  characterized  them  as 
"thoroughly  frivolous,  unstable,  following  every 
rumor,  refractory,  idle  and  libelous."  The 
modern  notion  is  that  they  were  so  occupied 
with  the  thoughts  of  the  future  as  to  be  ob- 
livious of  the  present.  There  is  undoubtedly  a 
degree  of  truth  in  all  of  these  estimates,  but 
a  broader  survey  shows  that  they  were  energetic 
in  their  undertakings,  as  is  evidenced  by  their 
temples  and  the  Pyramids,  still  the  wonder  of 
the  world;  possessed  of  sufficient  skill  to  per- 
form by  force  of  numbers  labors  which  would 
test  modern  mechanics  severely,  practical  in 
their  methods  of  utilizing  the  forces  of  nature ; 
peaceable  as  compared  with  other  nations,  and 
little  given  to  love  of  novelty  •  artistic  in  their 
execution  and  accurate  in  their  observation ;  a 
people  given  to  realism,  unversed  in  literary 
arts,  devoted  to  agricultural  pursuits,  developed 
within  narrow  limits,  and  little  affected  by 
external  and  foreign  influences. 

The  peasant  class,  or  Fcllahin,  is  the  most 
numerous  class  in  the  population  of  the  present 
day  and  is  indigenous.  They  arc  to  a  certain 
extent  descendants  of  the  ancient  Egyptians, 
but  they  have  been  subjected  to  crossings  and 
have  embraced  Mohammedanism.  Next  in 
number  are  the  Copts,  the  descendants  of  the 
ancient  Egyptians  who  embraced  and  still  cling 
to  the  Christian  religion.  (See  Copts). 
Though  comparatively  few  in  number  (about 
600,000).  their  education  and  useful  talents  en- 
able them  to  hold  a  respectable  position  in 
society  filling  the  posts  of  clerks,  accountants, 
etc.  With  these  aboriginal  inhabitants  are 
mingled  in  various  proportions  Turks,  Arabs 
(partly  Bedouins),  Armenians,  Berbers,  negroes, 
and  a  considerable  number  of  Jews,  Greeks  and 
other  Europeans.  The  Turks  hold  many  of 
the  principal  offices  under  the  government.  The 
great  hulk  of  the  people  are  Mohammedans, 
the  Christians  being  only  about  7.5  per  cent. 
The  Egyptians  in  the  mass  are  quite  illiterate, 
but  under  the  supervision  of  the  Ministry  of 
Public  Instruction  progress  is  being  made. 

The  language  in  general  use  is  Arabic. 

The  Fellahin,  the  most  superior  type  of  the 
Egyptian,  are  a  fine  race,  handsome,  of  excellent 
physique,  and  courteous  in  their  manners.  Tn 
northern  Egypt  they  are  of  a  yellowish  com- 
plexion, growing  darker  toward  the  south,  until 
the  hue  becomes  a  deep  bronze.  Mr.  Lane,  the 
best  authority  upon  the  subject,  speaks  highly 
of  their  mental  capacity,  and  gives  them  credit 


for  uncommon  quickness  of  apprehension  and 
readiness  of  wit  They  are  highly  religious, 
and  are  generally  honest,  cheerful,  humane  and 
hospitable.  But  these  are  exceptions  in  a  mixed 
population  of  Bedouins,  negroes,  Abyssinian*, 
Turks,  Syrians,  Greeks,  Armenians,  Jews  and 
Europeans. 

Population. —  The  population,  according  to 
the  census  of  1907,  was  11,189,978,  and  is  esti- 
mated at  present  to  be  about  12,500,000.  Of 
this  total  3,667,074  were  males,  and  5,620,285 
females.  The  population  was  divided  by 
nationality  as  follows:  Egyptians,  10,903,677; 
Ottomans,  69,725;  Sudanese,  65,162;  Greeks, 
62,973;  Italians,  34,926;  English,  20,653;  French, 
14,591;  Austro- Hungarians,  7,704;  Russians,  2,- 
410;  Germans,  1,847;  Persians,  1,385;  all  others, 
4,925.  In  1800  the  French  estimated  the  popu- 
lation at  2,460,200.  In  1821  the  census  returns 
showed  2,536,400;  that  of  1846  4,476,440;  of 
1882  6331.131;  1897,  9,734,405  ;  1907,  11,189,978 
According  to  its  religious  beliefs  the  population 
is  divided  as  follows :  Mussulmans,  10,269,445 ; 
Copts,  706,322 ;  Orthodox  Greeks,  76,953 ;  Roman 
Catholics,  57,744;  Protestants,  12,736;  Jews, 
38,635;  others,  28,143.  Of  the  Egyptian  popula- 
tion over  10  years  62.65  per  cent  was  engaged 
in  agriculture  and  of  the  foreign  element  less 
than  1  per  cent;  16  27  per  cent  of  the  natives 
engage  in  commerce  and  industry,  in  which  are 
employed  47.85  per  cent  of  the  foreigners. 

History. —  The  history  of  Egypt  and  its 
civilization  covers  a  period  that  the  most  recent 
studies  estimate  as  extending  over  10,000  years. 
From  this,  according  to  Petrie,  should  be  de- 
ducted the  3;500  years  that  witnessed  the  first 
stumbling  prehistoric  effort  at  expression,  and 
in  addition  the  centuries  of  Graeco-Roman 
domination,  and  the  period  from  the  beginning 
of  Christianity  down  to  our  days.  This  leaves 
a  period  of  over  50  centuries  during  which  the 
religious,  artistic,  social  and  political  ideas  of 
the  people  underwent  little  change,  and  did  not 
absorb  any  elements  of  the  civilization  of  Asia 
and  the  rest  of  the  Mediterranean  littoral. 
Egyptian  chronology,  to  which  reference 
is  constantly  made  in  treating  of  the  monu- 
ments executed  during  the  30  dynasties  deemed 
historical,  arrives  only  at  exact  historical  certi- 
tude from  the  period  of  the  conquest  of  Alex- 
ander the  Great  (about  340  b.c).  The  divi- 
sions established  by  historians  and  archaeolo- 
gists are  based  chiefly  on  the  fragments  of 
Egyptian  history  written  in  Greek  in  the  3d 
century  b.c  by  Manetho,  priest  of  Heliopolis. 
It  contained  the  lists  of  the  kings,  from  the 
1st  dynasty  down  to  Alexander.  But  unfor- 
tunately only  about  one-third  of  the  original 
has  come  down  to  us.  (The  fragments  and 
lists  of  kings  were  published  in  Muller's  '  Frag- 
ments historicorum  gratcorum,'  Paris  1848). 
The  exactitude  of  the  periods  at  which  began 
the  several  dynasties  varies  greatly.  The 
Egyptians  divided  the  solar  day  into  24  hours, 
the  latter  they  subdivided  into  minutes,  seconds 
and  thirds  of  seconds;  10  days  formed  a  week, 
and  3  weeks  one  month,  12  months  (360  days) 
and  5  complementary  days  formed  the  Egyp- 
tian year.  In  remote  times  the  year  consisted 
of  360  days,  but  the  premature  arrival  of  the 
seasons  being  noted,  in  the  reign  of  Pepi  II 
(6th  dynasty),  the  five  complementary  days 
were  added.   The  year  was  divided  into  three 
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seasons:  the  first  (Shot),  commenced  19  July, 
terminated  about  15  November  and  corresponded 
to  the  period  of  the  inundation  of  the  Nile;  the 
second  (Perl)  from  15  November  to  15  March, 
arid  the  third  (Shmu)  from  15  March  to  19 
July.  There  is  as  we  have  noted  above  consid- 
erable difference  among  Egyptologists  in  re- 
gard to  fixing  the  dates  of  the  various  dynas- 
ties. Mycr  and  Sethc  have  assigned  the  begin- 
ning of  the  1st  dynasty  to  a  date  correspond- 
ing approximately  to  the  year  3400  b.c 
Breasted,  Erman  and  Steindorff  also  favor  this 
date.  A  noteworthy  circumstance  in  this  con- 
nection is  the  complete  lack  of  any  reference  to 
eclipses  in  the  Egyptian  texts  so  far  interpreted. 
The  history  proper  divides  itself  into  six  great 
periods:  (1)  The  Pharaohs  or  native  kings; 
(2)  the  Persians;  (3)  the  Ptolemies;  (4)  the 
Romans;  (5)  the  Arabs;  (6)  the  Turks. 

The  Pharaohs. —  The  main  sources  of  its  his- 
tory under  the  Pharaohs  are  the  Scriptures,  the 
Greek  writers  Herodotus,  Diodorus  and  Eratos- 
thenes, and  fragments  of  the  writings  of  Mane- 
tho  (an  Egyptian  priest  in  the  3d  century  b.c). 
From  the  Scriptures  we  learn  that  the  Hebrew 
patriarch  Abraham  went  into  Egypt  because  of 
a  famine  that  prevailed  in  Canaan.  He  found 
the  country  ruled  by  a  Pharaoh,  Egyptian  per 
Ha,  meaning  "Great  house,"  the  Egyptian  term 
for  king.  The  date  of  Abraham's  visit,  accord- 
ing to  the  chronology  of  the  Hebrew  text  of 
the  Bible,  was  1920  b.c  ;  according  to  the  Scp- 
tuagint,  2551 ;  while  Bunscn  fixed  it  at  2876. 
Nearly  two  centuries  later  Joseph,  a  descendant 
of  Abraham,  was  sold  into  Egypt,  as  a  slave  to 
Potiphar,  the  captain  of  the  guards  of  another 
Pharaoh,  whose  prime  minister  or  grand  vizier 
the  young  Hebrew  eventually  became.  Joseph's 
father,  Jacob,  and  his  family,  to  the  number  of 
70,  accompanied,  as  Bunsen  conjectures,  by 
1,000  or  2,000  dependents,  followed  their  for- 
tunate kinsman  into  Egypt,  where  they  settled 
in  a  district  called  the  land  of  Goshen.  There 
they  remained  until  their  numbers  had  multi- 
plied into  two  or  three  millions,  when  under 
the  lead  of  Moses  they  revolted  and  quitted 
Egypt  to  conquer  Canaan. 

Ptolemaic  Period. —  When  Alexander's  army 
occupied  Memphis  the  numerous  Greeks  who 
had  settled  in  Lower  Egypt  found  themselves 
the  ruling  class.  Egypt  became  at  once  a  Greek 
kingdom,  and  Alexander  showed  his  wisdom  in 
the  regulations  by  which  he  guarded  the  preju- 
dices and  religion  of  the  Egyptians.  He  founded 
Alexandria  as  the  Greek  capital,  which  became 
the  emporium  of  commerce  and  centre  of  learn- 
ing for  several  centuries.  Ptolemy  I  was  suc- 
ceeded by  Ptolemy  II,  Philadelphus.  He  was 
successful  in  his  external  wars,  built  the  Mu- 
seum, founded  the  famous  library  of  Alexan- 
dria, purchased  the  most  valuable  manuscripts, 
engaged  the  most  celebrated  professors,  and  had 
ordered  70  Hebrew  sages  to  translate  the  Hebrew 
Scriptures  into  the  Greek  language,  hence 
known  as  the  Septuagint.  and  the  Egyptian  his- 
tory to  be  written  by  Manetho.  His  successor 
Ptolemy  III,  Euergctes,  pushed  the  southern 
limits  of  his  empire  to  Axum.  Ptolemy  IV, 
Philopator  (221-204  b.c.)  warred  with  Antio- 
chus,  persecuted  the  lews  and  encouraged 
learning.  Ptolemy  V,  Kpiphanes  (204-180  B  e  ) 
experienced  repeated  rebellions,  and  was  suc- 
ceeded by  Ptolemy  VII,  Philometor  (180-145 


b.c)  and  Euergetes  (145-116  b.c)  by  Ptolemy 
X.,  Soter  II  and  Cleopatra,  till  106  b.c  and  by 
Ptolemy  XI,  Alexander  I  (87  bc)  under  whom 
Thebes  rebelled;  then  by  Cleopatra,  Berenice. 
Ptolemy  XII,  Alexander  II  (80  bc),  and 
Ptolemy  XIII,  Ncos  Dionysius  (51  B.C.),  and 
finally  by  the  celebrated  Cleopatra.  After  the 
battle  of  Actium  (31  n.c.)  Egypt  passed  into 
the  condition  of  a  province  of  Rome,  governed 
always  by  a  Roman  governor  of  the  eques- 
trian, not  senatorial,  rank. 

The  Egyptians  had  continued  building  tem- 
ples and  covering  them  with  hieroglyphic  in- 
scriptions as  of  old;  but  on  the  spread  of  Chris- 
tianity the  older  religions  lost  their  sway.  Then 
the  Christian  catechetical  school  arose  in  Alex- 
andria, which  produced  Clemens  and  Origen. 
Monasteries  were  built  all  over  Egypt ;  Chris- 
tian monks  took  the  place  of  the  pagan  hermits, 
and  the  Bible  was  translated  into  Coptic.  See 
Egyptian  Archaeology  and  Exploration  ; 
Egyptian  Arch  itectuhe  ;  Egyptian  Arts; 
Egyptian  Language  and  Writing;  Egyptian 
Literature;  Egyptian  Music;  Egyptian  Reli- 
gion and  Sociology;  Moses;  Pharaoh;  Ptol- 
emy; Cleopatra. 

Christian  lira  —  On  the  division  of  the  great 
Roman  empire  bv  Theodosius  (337  a.d.)  into 
the  Western  and  Eastern  empires,  Egypt  became 
a  province  of  the  latter,  and  sank  deeper  and 
deeper  in  barbarism  and  weakness.  It  then  be- 
came the  prey  of  the  Saracens,  'Amribu-el-asr, 
their  general,  under  the  Caliph  Omar,  taking 
Alexandria,  the  capital,  by  assault.  This  hap- 
pened 641  a.d.,  when  Hcraclius  was  the  emperor 
of  the  East.  As  a  province  of  the  caliphs  it 
was  under  the  government  of  the  celebrated 
Abbassides  —  Harun  el-Rashid  and  Al-Mamon 
and  that  of  the  famous  Sultan  Saladin.  The 
last  dynasty  was,  however,  overthrown  by  the 
Mamelukes  (1240),  and  under  those  formidable 
despots  the  last  shadow  of  former  greatness 
and  civilization  disappeared.  Selim,  Sultan  of 
the  Turks,  eventually  (1516-17)  conquered  the 
last  Mameluke  sultan,  and  Egypt-  became  a 
Turkish  province,  governed  by  a  pasha.  After 
this  it  was  the  theatre  of  internal  wars  by  the 
Mameluke  beys  against  the  Turkish  dominion, 
which  was  several  times  nearly  extinguished. 
Confusion  and  civil  war  between  the  different 
factions  of  the  Mamelukes  continued  to  prevail 
till  1798,  when  the  French  invasion  under 
Napoleon  Bonaparte  united  their  chiefs  in  self- 
defense;  but  the  Mameluke  army  was  all  but 
annihilated  in  the  battle  of  the  Pyramids.  The 
French  then  conquered  the  whole  of  Egypt  and 
held  it  till  1801,  when  they  were  driven  out  by 
the  British  under  Abercromhy  and  Hutchinson. 

On  the  expulsion  of  the  French  the  Ottoman 
Porte  effectually  urged  its  claim  to  sovereignty, 
and  tbe  accession  of  the  Albanian  soldier  Mo- 
hammed *  AH  to  the  pashalic  in  1805  imparted  a 
galvanic  prosperity  to  Egypt  by  the  merciless 
destruction  of  the  turbulent  Mamelukes  (whom 
a  disastrous  British  expedition  in  1807  vainly 
sought  to  restore),  the  formation  of  a  regular 
army,  the  increase  of  security,  the  improvement 
of  the  irrigation  and  the  introduction  of  the 
elements  of  European  civilization.  In  1816 
Mohammed  'AH  reduced  part  of  Arabia, 
brought  it  under  his  sway  by  the  generalship 
of  his  son,  Ibrahim;  in  1820  he  annexed  Nubia 
and  part  of  the  Sudan;  and  from  1821  to  1828 
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his  troops,  under  Ibrahim,  occupied  various 
points  in  the  Morca  and  Crete,  to  aid  the  Turks 
in  their  war  with  the  insurgent  Greeks.  The 
Egyptian  fleet  was  annihilated  at  Navarino, 
and  Ibrahim  remained  in  the  Morea  till  forced 
to  evacuate  by  the  French  army,  under  Maison. 
in  182a  In  1831  Ibrahim  began  the  conquest 
of  Syria,  and  in  the  following  year  totally- 
routed  the  Ottoman  army  at  Koniya,  after 
which  the  Porte  ceded  Syria  to  Mohammed 
'Ali  on  condition  of  tribute.  War  breaking  out 
again,  the  victory  of  Nisib  in  1839  would  per- 
haps have  elevated  him  to  the  throne  of  Con- 
stantinople; but  the  quadruple  alliance  in  1840, 
the  fall  of  Saint  Jean  d'Acre  to  the  British  and 
the  consequent  evacuation  of  Syria,  compelled 
him  to  limit  his  ambition  to  the  pashalic  of 
Egypt.  In  1848  Mohammed  'Ali  became  im- 
becile (he  died  in  1849),  and  his  son  Ibrahim 
sat  on  his  throne  for  two  months,  when  he 
died,  and  'Abbas  Pasha,  Mohammed  Ali's 
grandson,  succeeded  him,  and  was  succeeded  in 
turn  (1854)  by  Sa'id  Pasha,  youngest  son  of 
Mohammed  'AH.  M.  de  Lesseps  then  obtained 
the  co-operation,  hitherto  withheld,  of  the 
Egyptian  government  in  his  scheme  of  the 
Suez  Canal,  which  was  opened  in  1869.  Sa'id 
was  succeeded  ( 1863)  by  his  nephew,  Ismail, 
son  of  Ibrahim,  who  by  a  firman  purchased 
from  the  Sultan  (1866)  the  hereditary  title  of 
Khedive.  He  obtained  the  hereditary  title  of 
Khedive  to  the  throne  of  Egypt,  direct  from 
father  to  son,  instead  of  descending,  according 
to  Turkish  law,  to  the  eldest  male  of  the  fam- 
ily, and  in  1872  the  Sultan  granted  to  the  Khe- 
dive the  rights  (withdrawn  in  1879)  of  con- 
cluding treaties  and  of  maintaining  an  army,  and 
virtually  gave  him  sovereign  powers.  Thus 
secure  on  an  hereditary  throne,  Ismail  began  a 
scries  of  vast  internal  reforms,  built  roads, 
bridges,  lighthouses,  railways  and  telegraphs, 
reorganized  the  postal  service,  improved  the 
harbors  at  Suez,  Port  Sa  id  and  Alexandria, 
supported  education,  and  introduced  mixed 
courts  of  law.  Extending  his  dominions 
southward,  he  annexed  Dar-Fur  in  1874,  and 
that  and  the  following  year  further  conquests 
were  made.  The  condition  of  the  finances  led 
to  the  establishment  of  "dual  control"  by  Great 
Britain  and  France,  and  in  1879  Ismail  was 
forced  to  abdicate  under  pressure  of  the  Brit- 
ish and  French  governments,  and  was  replaced 
by  his  son,  Tewfik.  His  position  was  soon 
threatened  by  the  so-called  National  party  with 
Arabi  Pasha  at  its  head,  who  aimed  at  his  depo- 
sition and  at  the  abolition  of  European  inter- 
vention. In  May  1882,  a  rising  took  place  in 
Alexandria,  when  many  Europeans  were  killed 
and  their  houses  pillaged.  The  Khedive  fled 
from  Cairo,  where  Arabi  remained  autocrat. 
The  French  refusing  to  interfere,  Great  Britain 
determined  to  art,  and  on  11  July  a  British 
fleet  bombarded  the  forts  at  Alexandria,  caus- 
ing the  rebels  to  retreat.  In  August  a  force 
under  Sir  Garnet  (afterward  Lord)  Wolsclcy 
landed  at  Ismailia,  and  on  13  September  Arabi's 
forces  were  totally  defeated  at  Tel-el-Kebir 
and  the  rebellion  crushed,  Arabi  and  his  asso- 
ciates being  banished.  Before  this  a  rebellion 
against  Egyptian  rule  had  broken  out  in  the 
Sudan  under  the  leadership  of  Mohammed 
Ahmed,  who  professed  to  be  the  Mahdi  or 
divinely-sent    Mohammedan    conqueror.  His 


followers  soon  became  numerous,  defeated 
Egyptian  troops  that  opposed  them,  and  threat- 
ened the  existence  of  all  the  Egyptian  garrisons 
in  the  Sudan.  In  1883  they  annihilated  an 
Egyptian  force  under  Hicks  Pasha  near  El 
Obeid  in  Kordofan,  and  in  1884  Osman  Digna, 
as  representing  the  Mahdi,  defeated  another 
force  under  Baker  Pasha  near  Suakim.  British 
troops  were  now  dispatched  to  Suakim,  and  at 
El  Teb  and  Tamai  severe  defeats  were  inflicted 
on  the  Arabs  by  General  Graham.  Meantime 
General  Gordon  had  been  sent  to  Khartum  to 
withdraw  the  garrisons  from  the  Sudan,  but 
he  was  shut  up  in  the  town  for  nearly  a  year, 
and  perished  before  the  relief  expedition  under 
Sir  Garnet  Wolseley  could  reach  him  (January 
1885).  The  Sudan  was  then  given  up,  and  the 
southern  boundary  of  the  Egyptian  dominions 
fixed  at  Wady-Halfa. 

In  1892  Tewfik  died,  and  was  succeeded  by 
his  son,  Abbas  Hilmi,  who  is  the  seventh  vice- 
roy and  third  khedive  of  Egypt.  In  1896  an 
Anglo- Egyptian  expedition  for  the  rcconqucst 
of  the  lost  provinces  was  dispatched  under  Sir 
Herbert  (afterward  Lord)  Kitchener.  Dongola 
was  soon  occupied.  Abu  Hamed  was  captured 
in  the  following  year,  and  (8  April  1898),  the 
insurgents  were  defeated  in  a  battle  near  the 
confluence  of.  the  Atbara.  Finally  (2  Sept. 
1898)  the  forces  of  the  Khalifa,  as  the  MahdVs 
successor  was  called,  were  defeated  with  great 
slaughter  at  Omdurman,  near  Khartum.  The 
territory  thus  reconquered  was  placed  under  a 
governor-general,  and  was  rapidly  organized. 
A  subsequent  attempt  of  France  to  occupy 
Fashoda  and  enforce  a  claim  to  the  Bahr-cf- 
Ghazal  "Blue  River"  Valley  led  to  some  friction 
with  Great  Britain. 

Egypt  During  the  European  War.—  Owing 
to  the  entrance  of  Turkey  into  the  war  on  the 
side  of  the  Central  Powers,  and  to  the  adhesion 
of  the  khedive  to  the  king's  enemies,  a  British 
protectorate  was  declared  and  the  Khedive 
Abbas  Pasha  deposed  on  18  Dec.  1914.  Prince 
Hussein  Kamil,  the  eldest  living  prince 
of  the  family  of  Mohammed  'Ali,  a  former 
viceroy  of  Egypt,  was  appointed  in  his  stead, 
under  the  title  of  Sultan  of  Egypt.  Two  un- 
successful attempts  at  his  assassination  have 
been  made  (8  April  and  9  July  1915).  Sir  Ar- 
thur McMahon  was  appointed  British  high  com- 
missioner. Turkish  armies  under  German  leader- 
ship have  made  successive  attempts  to  attack 
the  Suez  Canal  as  preliminaries  to  an  invasion 
of  Egypt  The  most  dangerous  of  these  incur- 
sions were:  (1)  On  2  Feb.  1915  the  Turks  at- 
tempted to  cross  near  Toussoum,  35  miles  north 
of  Suez;  (2)  on  23  April  1916  an  attempt  was 
made  at  the  Quatia  Oasis,  25  miles  east  of  the 
canal,  on  the  road  to  El  Kastara ;  (3)  the  most 
formidable  effort  was  made  on  4  Aug.  1916 
when  14,000  Turks  attacked  the  British  position 
near  Romani,  22  miles  east  of  Port  Said  and 
just  north  of  Katia,  on  a  front  of  seven  or 
eight  miles.  The  British  troops,  under  the 
command  of  Sir  Archibald  Murray,  and  com- 
posed mainly  of  Australians  and  New  Zcaland- 
crs,  succeeded  by  a  strategic  retirement  in  in- 
volving the  Turks  in  the  sand-dunes,  and  then 
fell  upon  their  rear,  and  succeeded  in  taking 
2,500  unwounded  Turkish  and  German  prison- 
ers. See  War,  European.  Sec  also  Alexan- 
dria; Cairo;  Cromer;  Emii«  Pasha;  Gordon, 
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EGYPTIAN  ARCHEOLOGY  AND 
EXPLORATION.  The  attention  of  the 
world  was  drawn  to  Egypt  .as  a  rich  field  for 
scientific  exploration  in  the  early  part  of  the 
19th  century.  M.  Boussard,  a  French  officer 
under  Bonaparte  (1799),  discovered  at  Fort 
Jttlien,  near  Rosetta.  a  large  block  of  black 
granite,  with  the  remains  of  three  inscriptions, 
the  first  in  hieroglyphs,  the  second  in  demotic 
characters,  the  third  in  Greek.  This  Roset'.a 
Stone  was  taken  to  England  after  the  capitula- 
tion of  Alexandria  (1801),  and  presented  by 
George  III  to  the  Rritish  Museum.  It  con- 
tains a  decree  promulgated  at  Memphis,  in 
honor  of  Ptolemy  V,  Epiphanes,  by  the  priest- 
hood of  Egypt  in  synod  assembled,  thanking 
that  sovereign  for  the  benefits  which  he  had 
conferred  on  them.  They  ordered  it  to  be  sent 
to  all  the  temples  of  the  first,  second  and 
third  rank,  there  to  be  engraved  on  stela;  in 
the  three  forms  of  writing  then  used  through- 
out the  land.  When  found,  half  of  the  hiero- 
glyphic portion  of  the  Rosetta  copy  was  want- 
ing, but  the  demotic  and  Greek  were  nearly  com- 
plete, and  the  work  of  decipherment  began  with 
them.  The  French  orientalist  Silvestre  dc 
Sacy  made  out  in  the  demotic  some  of  the 
proper  names  mentioned  in  the  Greek  CLet- 
tre  au  Citoyen  Chaptal  sur  l'inscription  igyp- 
tienne  du  monument  du  Rosette'  Paris  1802)  ; 
and  the  Swede  Akerblad,  following  in  his  steps, 
assigned  phonetic  values  to  most  of  the  signs 
employed  in  the  proper  names  ('Lettrc  sur 
l'inscription  egvptienne  de  Rosette  adressec  au 
Citoyen  S.  de'  Sacy,'  Paris  1802).  In  1X14 
Thomas  Young,  the  English  mathematician, 
succeeded  in  isolating  a  number  of  groups 
which  express  common  names,  and  even  in 
translating  some  fragments  of  demotic  phrast-s. 
Turning  to  the  hieroglyphs  he  tried  to  determine 
the  power  of  the  characters,  which  being  en- 
closed in  cartouches  <>r  ring's  were  known  to 
indicate  the  names  of  kings.  Thus  he  read 
the  names  of  Ptolemy  and  Berenice,  but  he 
failed  to  analyze  them  exactlv;  five  only  of 
the  values  which  he  proposed  for  the  signs 
turned  out  to  he  true.  The  problem  with 
which  Young  had  such  poor  success  was  solved 
four  years  later  by  Jean  Francois  Champol- 
lion,  who  had  frit  attracted  to  the  study  of 
the  Oriental  languages  from  his  early  youth  and 
published  at  24  the  famous  work  'L'figypte 
sous  les  Pharaons'  (2  vols.,  Paris  1814).  on 
the  civilization  and  history  of  Egypt.  Guided 
by  his  thorough  knowledge  of  the  Coptic,  he 


applied  himself  to  the  decipherment  of  the 
inscriptions,  and  ascertained  very  soon  that 
the  three  kinds  of  characters  found  on  the 
monuments,  far  from  representing  three  inde- 
pendent systems,  were  three  successive  develop- 
ments of  one  system  of  writing,  of  which  the 
hieroglyphs  were  the  prototype,  the  hieratic  and 
demotic  the  cursive  forms.  ('De  1'exriturc 
hieratique  des  anciens  fcgyptiens,'  Grenoble 
1821 ) .  He  then  dissected  the  cartouches  which 
had  been  studied  by  Young  and  proved  that 
the  hieroglyphs  in  them  were  always  taken  al- 
phabetically, and  that  the  alphabet  thus  em- 
ployed for  the  rendering  of  the  Greek  royal 
names  was  the  same  that  had  been  used  from 
the  time  of  the  first  dynasties,  not  only  for 
proper  names,  but  for  the  common  parts  of  the 
language.  He  gave  a  general  outline  of  his 
system  to  the  Academie  des  Inscriptions  on  22 
Sept.  1822,  a  day  famous  as  marking  the  foun- 
dation of  Egyptology.  Then  he  completed  his 
revelations,  and  explained  fully  his  method  in 
his  'Precis  du  systeme  hieroglyphique  des  an- 
ciens figyptiens'  (Paris  1824;  1828).  He  spent 
the  last  eight  years  of  his  life  in  working  out 
the  principles  which  he  had  established  for  the 
resurrection  of  the  old  Egyptian  world.  In 
1828-30  he  searched  Egypt  from  Alexandria  to 
Wady-Halfa  with  the  help  of  other  French 
and  Italian  archaeologists.  Upon  his  return  he 
was  made  professor  of  Egyptian  literature  at 
the  College  de  France.  He  died  4  March  1832, 
having  overtaxed  his  strength  during  the  jour- 
ney to  Egypt.  His  rapid  success  had  raised  up 
a  host  of  detractors  and  opponents.  Klaproth 
criticized  his  work  with  a  bad  faith  and  viru- 
lence which  even  death  did  not  abate ;  Spohn 
and  Seyffarth  started  a  rival  system,  which 
was  rejected  in  Europe  by  1855,  but  continued 
to  find  Some  degree  of  acceptance  in  the  United 
States  until  al>out  KS80.  The  general  public, 
however,  had  received  his  labors  with  delight 
and  after  his  death  men  of  every  nation  took 
up  his  teachings  and  advanced  the  work  he  had 
so  well  begun.  Nestor  Lhote,  Charles  Lcnor- 
mant  and  Lhilauricr  in  France;  Salvolini,  Rosel- 
lini,  Ungarclli,  in  Italy!  Sccmans  in  the  Neth- 
erlands; Wilkinson,  Birch  and  Osborn  in  Eng- 
land. Champollion-Figcac  devoted  himself  to 
the  memory  of  his  younger  brother  and  pub- 
lished the  most  important  of  his  unfinished 
books,  his  'Lettrcs  ccrites  d'Egyptc'  (Paris 
1833)  ;  and  his  'Grammaire  figyptienne'  (ib. 
1S3cV-41  )  ;  his  'Dictionnaire  Egyptien  en  ecriture 
hieroglyphique'  ib.  1841-46)  ;  'Monuments  de 
I'Egypte  et  de  la  Nubie'  (ib..  1835-75).  com- 
pleted by  Maspcro.  Since  then  the  story  has 
been  a  perpetual  record  of  success  and  discov- 
eries. Lcpsius  analyzed  critically  in  his  'Lettrc 
a  M.  Roscllini  sur  l'alphabet  hieroglyphique* 
(Rome  1837)  the  structure  of  the  old  language, 
and  elucidated  the  origin  and  mechanism  of  the 
syllabic  characters,  the  existence  of  which  had 
only  been  surmised  by  Champollion.  Lcpsius. 
however,  early  left  philological  for  historical 
and  archarological  researches.  From  1837  to 
1885  nearly  every  year  was  marked  by  the  ap- 
pearance of  some  important  work  from  his  pen: 
'Das  Todtcnbuch  der  Agypter*  ;  'Cher  die  XII 
agypti^chc  Konigsdynastie'  ;  'F.inleitung  in  die 
Chronologic';  '  Uber  den  ersten  agyptischen 
Gotterkreis' ;  'Konigsbuch  der  alten  Xgypter,' 
etc.   Large  portions  of  these  have  become  anti- 
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quated,  but  they  formed  the  solid  ground  upon 
which  the  chronology  and  history  of  ancient 
Egypt  have  been  built  up.  His  three  years' 
stay  in  the  Nile  Valley  at  the  head  of  a  com- 
mission of  German  scientists  (1842-45)  pro- 
duced the  gigantic  ♦Dcnkmaler  aus  Agypten 
und  Athiopien'  (12  vols.,  Berlin  1849-59),  in 
which  all  the  historical  texts  known  at  the  time 
were  reproduced  by  the  skilful  hand  of  Weid- 
enbach.  Bunscn  popularized  the  ideas  of  Lep- 
sius  in  his  "Agyptcns  Stclle  in  der  Weltge- 
schichte'  (Hamburg  1849);  Brugsch  applied 
himself  to  the  demotic  texts  (/Scripture  Aegyp- 
torium  demotica.1  Berlin  1848);  <Grammaire 
demotique'  (ib.  1885).  While  things  went  thus 
in  Germany,  Emmanuel  dc  Rouge  commenced 
his  labors  in  France  with  his  (Examen  critique 
de  l'ouvrage  de  M.  1c  Chevalier  de  Bunsen,' 
in  which  the  merits  of  Bunsen's  and  Lcpsius' 
work  were  fully  recognized,  while  their  errors 
and  fallacious  hypotheses  were  pointed  out 
with  a  vigor  of  method  and  a  certainty  which 
placed  the  young  author  at  the  head  of  Egyp- 
tologists. He  remodeled  the  grammar  in  his 
«Chrestomathie  Egyptienne'  (Paris  1867-76), 
he  called  back  to  life  the  first  dynasties  in  <Rc- 
cherches  sur  les  monuments  qu'on  pcut  attribuer 
aux  six  premieres  dynasties  dc  Manithon*  (ib. 
1866),  and  in  his  pamphlets,  he  was  the  first 
who  really  translated  whole  Egyptian  books  and 
inscriptions,  both  hieroglyphic  and  hieratic 
He  gave  a  new  impulse  to  the  study  not  only 
in  France,  where  Chabas,  Dcveria.  Pierret  and 
Maspero  followed  him,  but  also  in  England, 
where  his  influence  was  felt  by  Birch,  Hincks, 
Renouf,  Le  Page  and  in  Germany,  where 
Brugsch,  Dumichen  and  Ehers  seconded  the  ef- 
forts of  Lepsius.  Brugsch  left  many  monu- 
mental works,  the  great  faults  of  which  are 
lost  in  greater  merits.  With  the  exception  of 
Weidemann  the  more  recent  German  school  in- 
clines more  and  more  to  grammars  and  phi- 
lology under  the  lead  of  Adolf  Erman.  The 
French  school,  while  not  neglecting  philology, 
has  directed  much  of  its  strength  toward  his- 
tory and  archaeology.  Young  Egyptologists  are 
sent  every  year  to  Egypt  to  excavate,  draw, 
copy  and  publish  the  monuments.  They  are 
helped  in  the  work  of  finding  and  preserving 
the  remains  of  antiquity  by  an  Anglo-American 
society,  the  Egypt  Exploration  Fund,  the  first 
secretary  and  real  promoter  of  which  was 
Amelia  B.  Edwards  (1882-92).  In  1883  they 
sent  out  their  first  agent,  E.  Naville  of  Geneva, 
and  he  cleared  the  site  of  Pithom  in  the  land 
of  Goshen.  Since  then  Naville,  Flinders  Pctrie, 
Griffith,  Gardner  and  Newberry  have  been  at 
work.  Naucratis  has  come  to  light.  Tanis  and 
Bubastis,  the  Pyramids  of  the  Fayum,  the 
tombs  of  Bcni-Hasan  and  El-Amarna  have 
yielded  unexpected  treasures  of  archxological 
and  historical  lore.  The  last  few  years  have 
seen  wonderful  discoveries  in  Egypt,  for  the 
tombs  of  the  kings  of  Ahydos  have  been 
opened  and  the  treasures  which  have  been  found 
bring  us  face  to  face  with  archaic  history. 
Among  the  remarkable  finds  were  a  carved  slate 
slab  showing  King  Nar-mcr  smiting  his  enemy, 
an  ebony  table,  a  bar  of  gold,  gold  jewelry,  in- 
cluding bracelets,  and  a  royal  sceptre.  The  old- 
est group  of  jewelry  in  the  world  is  undoubt- 
edly the  four  bracelets  of  the  queen  of  King 
Zcr  or  Tcta  (4366  B.C.),  which  was  discovered 
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with  a  portion  of  the  mummy  in  a  hole  in  a 
wall.  This  is  1,500  years  earlier  than  any  other 
jewelry  thus  far  identified.  The  bracelets 
show  a  wonderful  perfection  in  the  soldering  of 
gold.  They  also  show  the  turning  point  in  the 
development  of  Egyptian  art;  the  finest  brace- 
lets arc  formed  of  alternate  plaques  of  gold 
and  turquoise,  each  surmounted  with  a  royal 
hawk.  The  turquoise  hawks  are  clumsy,  of  a 
more  archaic  form  than  those  on  the  gold 
pieces. 

An  American  arcrueologist.  Theodore  M. 
Davics,  has  made  one  of  the  most  interesting 
discoveries  of  recent  years  in  excavating  the 
tomb  of  Thothmcs  IV  of  the  18th  dynasty.  The 
tomb  contained  the  chariot  in  which  he  rode  at 
Thebes.  Like  other  royal  tombs  it  consisted  of 
a  gallery  cut  in  the  heart  of  the  mountain. 
After  sloping  downward  for  a  considerable  dis- 
tance it  is  interrupted  by  a  deep  square  well ;  on 
one  of  the  walls  is  a  band  of  paintings.  On  the 
farther  side  of  the  wall  the  passage  turns  back, 
and  finally  opens  into  a  large  chamber,  at  the 
extreme  end  of  which  is  a  magnificent  sarcopha- 
gus of  granite  covered  with  texts  from  "The 
Book  of  the  Dead."  On  either  side  are  smaller 
chambers ;  the  floor  of  one  of  them  was  covered 
with  the  offerings  made  to  the  dead  king,  con- 
sisting of  mummified  loins  of  beef,  legs  of 
mutton  and  trussed  ducks  and  geese.  Clay  seals 
with  the  name  of  the  Pharaoh  had  been  attached 
to  the  doors  of  the  chambers,  and  it  is  stated 
the  raised  portions  of  the'  seals  had  been 
smeared  with  blue  ink  before  being  pressed  on 
the  clay.  A  great  many  of  the  objects  in  the 
tomb  of  Thothmcs  were  found  to  be  broken,  and 
this  was  explained  by  a  hieroglyphic  inscription 
on  one  of  the  paintings  which  adorn  the  walls 
of  the  vestibule  to  the  chamber  in  which  the  sar- 
cophagus was  found.  That  inscription  states 
that  the  tomb  was  plundered  by  robbers,  but  that 
it  had  been  restored  as  far  as  possible  to  its 
original  condition  by  Hor-cm-hcb,  the  reigning 
Pharaoh.  The  floor  was  covered  with  vases, 
dishes,  symbols  of  life  and  other  objects  in  blue 
faience.  Unfortunately,  nearly  all  of  them  had 
been  wantonly  broken,  though  in  some  cases  the 
breakage  had  been  repaired  in  the  time  of  Hor- 
cm-hcb.  Equally  interesting  is  a  piece  of  textile 
fabric  into  which  hieroglyphic  characters  of  dif- 
ferent colors  have  been  woven  with  such  won- 
derful skill  as  to  present  the  appearance  of 
painting  on  linen.  The  chariot  h  one  of  the 
finest  specimens  of  art  that  have  come  down 
to  us  from  antiquity.  Along  with  the  chariot 
was  found  the  leather  gauntlet  with  which  the 
king  protected  his  hand  and  wrist  when  using 
the  bow  or  reins. 

Later  excavations  at  Abydos  have  brought 
to  light  the  royal  tomb  of  Mcncs,  of  the  first 
dynasty,  in  which  was  found  a  large  globular 
vase  of  green  glaze,  with  Mcncs'  name  inlaid  in 
purple.  Thus  polychrome  glazing  is  taken  back 
thousands  of  years  before  it  was  previously 
known  to  exist.  There  arc  also  several  pieces  of 
delicately  carved  ivory  of  that  age.  One  repre- 
sents the  figure  of  an  aged  king,  which,  for  sub- 
tlety of  character,  stands  in  the  first  rank  of 
such  work,  and  ranks  with  the  finest  work  of 
Greece  and  Italy  A  camel's  head  modeled  in 
pottery  takes  back  its  relation  to  Egypt  some 
4,000  years.  Hitherto  no  trace  of  the  camel  had 
appeared  before  Greek  times.   The  ivory  carv- 
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ig  of  a  bear  also  extends  the  fauna  of  early 

*  OT>t. 

Records  begin  to  appear  with  the  3d  dynasty 
of  Manetho.  The  Sphinx  of  Ghizeh  is  cer- 
tainly older,  but  being  uninscribed,  it  is  not 
known  to  which  king  or  dynasty  it  belongs.  A 
few.  stelae  bear  the  name  of  Sondon  (2d  dy- 
nasty), and  the  step  pyramid  of  Sakkarh  pur- 
ports to  be  the  tomb  of  Tosiri  (2d  dynasty). 
These,  however,  are  isolated  instances  and  an 
unbroken  line  of  monuments  only  begins  under 
Snofroni,  the  last  Pharaoh  of  the  3d  dynasty, 
about  (4300  b.c).  From  his  time  to  the  death 
of  Pepi  II  (about  3800  o.c.)  the  necropolis  of 
Ghizeh,  Sakkarh,  Dashour  and  Midoum,  tombs 
of  feudal  families  at  Zawret-el-Maietin,  at 
Sheik-said,  the  rock  graftiti  of  Wadi-Magharah 
in  the  Sinaitic  peninsula,  furnish  material 
enough  to  trace  the  succession  of  the  kings  and 
call  back  to  life  the  whole  civilization  of  those 
primaeval  ages.  The  series  breaks  off  after  Pepi 
II,  but  a  few  scarabs  and  other  objects  are 
the  only  records  we  possess  of  the  Heradeopoli- 
tan  house.  With  the  Uth  dynasty  the  monu- 
ments came  to  light  again  in  great  numbers 
and  arc  dispersed  all  over  the  Nile  Valley,  in 
the  grottoes  of  Beni-Hasan,  Bersheh,  Siut, 
Assouan,  in  the  tombs  of  Thebes  and  Abydos, 
in  the  temples  of  Nubia  and  in  the  Delta  cities, 
in  the  Fayum  pyramids  and  the  inscriptions  of 
Sinai.  There  are  many  inscriptions  and  statues 
of  the  13th  and  14th  dynasties,  and  the  area  of 
ground  they  cover  from  the  fourth  cataract  to 
the  sea  shows  the  extent  of  the  Egypt  of  that 
day.  The  invasion  of  the  Hyksos  suspended  for 
at  least  400  years  the  production  of  monuments 
(about  2100  B.C.),  and  nothing  remains  of  their 
kings  except  a  few  names  scratched  on  the 
statues  of  the  old  Pharaohs.  Egypt  revived 
after  their  expulsion  and  the  three  Theban  dy- 
nasties of  the  New  Empire  (1750-1100  B.C.)  en- 
riched by  the  spoils  of  Asia  and  of  Ethiopia, 
covered  the  banks  of  the  Nile  with  temples  and 
palaces,  the  remains  of  which  are  counted  to- 
day in  hundreds.  The  Roman  Casars  con- 
tinued die  constructions  and  the  reigns  of  the 
Flavians  and  Antonines  are  recorded  by  many 
monuments.  The  impulse  died  out  about  250 
a  d.  ;  Philippus  is  the  last  emperor  whose  name 
is  engraved  officially  in  the  hieroglyphic  char- 
acter. The  English  have  recognized  _  French 
intervention  in  the  direction  of  the  Cairo  Mu- 
seum which  has  a  right  to  one-half  of  all  dis- 
coveries of  antiquities,  etc.,  made  in  EgypL 
Gaston  Maspero  was  appointed  director  in  1899 
of  the  Service  of  Antiquities,  as  this  branch  is 
known,  and  was  succeeded  in  October  1914  by 
Pierre  Lccau.  Several  permanent  commissions 
are  at  work  in  various  parts  of  the  country. 
Consult  Cbampollion,  'Monuments  dc  l'Egypte' 
(1843)  ;  Marictte,  'Monuments  of  Upper  Egypt' 
(1877);  Pctrie,  "History  of  Egypt'  (1894); 
Rawlinson,  'History  of  Ancient  Egypt'  (1881). 

EGYPTIAN    ARCHITECTURE.  The 

most  ancient  monuments  of  the  world's  archi- 
tecture in  stone  arc  those  of  the  Nile  Valley. 
The  ruins  of  some  ancient  Chaldean  buildings 
are  probably  of  earlier  date,  but  they  are  almost 
formless  piles  of  sun-dried  brick,  while  the 
tombs  and  pyramids  of  the  early  Egyptian 
dynasties  arc  many  of  them  in  excellent  preser- 
vation. The  people  who  built  them  were  prob- 
ably of  Asiatic  origin  but  long-settled  along 


the  Nile,  and  were  a  highly  civilized  race  thou- 
sands of  years  ac.  It  is  customary  to  divide 
the  history  of  ancient  Egyptian  art  into  five 
periods:  (1)  the  Ancient  (or  Memphitic)  Em- 
pire, cir.  3400-2160  ac,  comprising  ten  dynas- 
ties of  kings;  (2)  the  Middle  Empire,  with 
Thebes  as  capital,  2160-1788  b.c,  two  dynasties; 
(3)  the  Second  Thebaic  or  New  Empire  (1588- 
1150  B.C.),  comprising  the  dynasties  xvii-xx,  and 
separated  from  the  Middle  Empire  by  the 
artistic  interregnum  of  the  Hyksos  or  Shepherd 
kings  (Arabs) ;  (4)  the  Decadence  or  Saitic 
period  of  six  dynasties,  1150-324  b.c,  which  in- 
cludes the  Persian  conquest  in  525  b.c,  and  (5) 
the  Ptolemaic  and  Roman  period  (324  b.c-300 
a.d.).  Then  followed  a  period  of  over  three 
centuries  during  which  the  only  architectural 
works  were  Coptic  churches  and  monasteries. 
The  Arabs  conquered  Egypt  in  642  A.D.,  since 
which  date  the  architecture  has  been  of  the 
Arabo-Moslcm  or  "Saracenic"  style,  an  archi- 
tecture of  mosques,  tombs,  palaces,  baths,  foun- 
tains and  city  gates.  As  this  last  period,  with 
its  infiltrations  of  Turkish  influence  since  1517, 
is  treated  of  under  Moslem  Art  (q.v.),  the 
present  article  will  be  confined  mainly  to  the 
ancient  art  of  the  five  periods,  with  brief  ref- 
erence to  the  Coptic  development. 

Materials  and  Character.— There  is  evi- 
dence that  the  primitive  architecture  of  the 
Egyptians  was  of  mud  ("crude"  or  sun-dried 
brick)  and  wood,  but  the  monuments  that  have 
survived  to  our  time  are  of  stone,  except  for 
scanty  remains  of  brick.  The  stones  employed 
were  granite  of  various  kinds  and  limestone; 
the  coarser  stone  being  often  furnished  with 
a  thin  layer  of  stucco  to  receive  painted  decora- 
tion. The  architecture  was  almost  entirely  of 
tombs  and  temples,  although  remains  of  palaces 
of  the  New  Empire  have  been  excavated,  and 
there  arc  vestiges  of  fortifications  at  Semneh 
and  Gournah.  The  civilization  of  Egypt  was 
distinctively  monarchical  and  religious  and  this 
is  clearly  shown  in  the  architecture.  There  is 
little  change  of  style  until  the  time  of  the 
Ptolemies;  what  variations  there  were  came 
about  by  imperceptibly  slow  degrees,  and  an  air 
of  changeless  duration  marks  every  work  of 
ancient  Egypt.  Yet  earthquakes  and  the  de- 
structive invasions  of  Persians  and  Arabs  have 
wrecked  partly  or  completely  nearly  every  one 
of  these  massive  structures. 

All  the  Egyptian  monuments  of  antiquity 
were  built  on  the  post-and-lintel  or  wall-and- 
lintel  principle,  the  arch  being  used  only  in 
minor  constructions  of  brick.  But  one  form 
of  cornice  is  found  —  the  "cavctto-comicc^  —  in 
all  the  wide  range  of  the  ancient  monuments 
through  more  than  3,000  years.  There  were  no 
"orders"  employed;  the  columns  show  a  wide 
variety  of  capitals,  generally  reducible  to  two 
chief  types,  the  "bud"  and  the  "floral"  or  cam- 
pani  form  type;  and  the  shafts  arc  with  a  few 
exceptions  either  round  or  clustered,  the  former 
predominating.  The  "bud"  and  "floral"  types 
of  capital  arc  cither  simple  or  compound,  the 
latter  predominating  in  the  later  periods.  AH 
the  walls,  ceilings  and  columns  of  the  temples 
were  covered  with  symbolic  or  historical  deco- 
rations, incised  and  painted  in  brilliant  colors, 
and  sculptured  figures  of  the  deified  king  or  of 
the  god  Osiris,  fronted  the  entrances  and  the 
courtyard  piers  of  the  temples. 
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Tombs.— The  religion  of  Egypt,  with  its 
insistence  on  a  future  life,  assigned  an  enor- 
mous importance  to  the  arts  of  sepulture,  and 
the  tombs  arc  far  more  numerous  than  the 
temples.  They  are  of  two  chief  kinds:  the 
hypogeum  or  excavated  tomb,  cut  in  the  rock 
of  the  western  bank  of  the  Nile,  with  many 
passages,  chambers  and  shafts;  and  the  struc- 
tural or  built-up  tomb.  Of  this  class  there  were 
two  chief  types,  the  pyramid  (see  Pyramid) 
and  the  masiaba  or  'bench.  °  This  latter  type, 
rectangular  in  plan,  had  usually  sloping  walls 
and  a  flat  top,  and  contained  a  variety  of 
chambers  and  passages,  with  one  or  more 
scrdabs  or  secret  chambers,  and  wells  or  shafts 
leading  to  deep  chambers,  in  one  of  which  the 
sarcophagus  was  deposited.  Statues  of  the  de- 
ceased ("ka-statues")  were  secreted  in  the 
scrdabs  in  order  to  assist  in  preserving  the  life 
and  identity  of  the  "ka"  or  spirit  while  in  the 
tomb,  while  the  walls  were  covered  with  pic- 
tures of  his  daily  life  and  sports  in  order  that 
the  "ka"  might  by  their  help  enjoy  the  same 
pleasures  until  admitted  by  Osiris  and  his  as- 
sessors to  the  final  home  in  the  underworld. 
Two  fine  tombs  of  this  type  have  been  taken 
down  and  re-erected  in  the  Metropolitan  Mu- 
seum at  New  York. 

Temples. —  The  fundamental  scheme  of  the 
Egyptian  temple  was  early  developed  and  re- 
mained unchanged  in  essentials  for  over  3,000 
years.  It  appears  to  have  been  an  expansion  of 
the  ancient  Oriental  house-plan,  with  its  en- 
closing wall,  gate,  fore-court,  reception-hall 
and  living  rooms.  These  became  respectively 
the  enclosing  wall  (sometimes  of  crude  brick), 
the  pylon-gate  with  its  twin  truncated  pyramid 
towers  or  pylons,  the  fore-court  flanked  or 
surrounded  with  colonnades,  the  hypostyle  or 
columnar  hall  for  the  princes  and  magnates,  and 
the  sekos  or  sanctuary,  with  its  shrine  or  "holy 
of  holies"  and  its  surrounding  rooms  for  the 
priests.  These  various  parts  might  be  dupli- 
cated or  variously  elaborated,  but  they  are  to 
be  found  in  al]  the  temples,  large  or  small. 

Historic  Monuments. — From  the  Ancient  or 
Memphite  Empire  there  have  been  preserved 
to  us  innumerable  tombs  and  a  few  temple- 
ruins.  Of  the  greatest  importance  are  the  pyra- 
mid-tombs, of  which  there  are  nearly  a  hundred 
in  six  groups.  They  are  all  royal  tombs,  but 
vary  in  size  and  shape,  some  having  stepped 
sides,  some  being  built  with  two  slopes — the 
lower  part  steeper  than  the  upper ;  the  re- 
mainder are  built  with  a  single  slope  from  the 
square  base  to  the  apex.  Three  of  these,  at 
Ghizch,  are  far  larger  than  the  rest ;  they  be- 
long to  the  4th  dynasty.  The  largest  is  that 
of  Cheops  or  Khufn,  with  a  base  764  feet 
square  and  an  original  height  of  482  feet.  The 
second,  of  Chcphrcn  or  Khafra,  is  slightly 
smaller;  the  third,  of  Myccrinus  or  Menkhaura, 
rises  218  feet  from  a  base  254  feet  square.  The 
stepped  pyramid  of  Sakkara  is  older,  dating 
possibly  from  the  First  dynasty;  it  is  about  350 
by  400  feet  at  the  ba*c  and  tiot  quite  200  feet 
high.  All  of  these,  and  most  of  the  others, 
were  built  of  limestone  with  a  facing  of  gran- 
ite which,  however,  has  in  most  cases  disap- 
peared; they  all  contain  corridors  and  chambers 
of  elaborate  construction.  There  are  also  many 
mastabas  and  many  excavated  tombs  cut  in  the 
rock  of  the  cliffs;  the  ka-paintings  of  some  of 
these  (e.g.,  the  tomb  of  Ti)  are  extraordinarily 
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detailed  and  interesting.  The  temples  of  this 
period  are  all  connected  with  or  adjacent  to 
the  tombs,  to  which  ihey  served  as  chapels. 
The  best  preserved  is  that  of  Chephren,  known 
as  the  Sphinx  Temple,  having  square  piers  in- 
stead of  columns. 

The  Middle  Empire  has  left  us  only  scanty 
monuments,  of  which  the  most  interesting  arc 
tombs  cut  in  the  cliffs  of  Beni- Hassan,  with 
columnar  porches  whose  columns  somewhat  re- 
semble the  Greek  Doric,  hence  called  "proto- 
Doric.w  There  have  been  found  scanty  remains 
of  temples  of  this  period  at  Bubastis  and  at 
Karnak. 

The  New  Empire  was  the  great  age  of 
Egyptian  architecture  as  well  as  of  political 
greatness  under  a  succession  of  mighty  rulers  — 
the  Thutmoses,  Amenhoteps,  Sctis,  Ramescs  and 
others  of  the  18th  dynasty,  of  whom  Ramescs 
II  was  the  greatest  builder.  The  tombs  of  this 
period  are  all,  or  nearly  all,  deep  tunnels  cut 
in  the  rock,  with  many  chambers  and  corridors ; 
the  temples  arc  the  largest  in  Egypt,  especially 
that  of  Karnak,  over  1,200  feet  long  and  340 
wide,  .whose  hypostyle  ball  with  16  rows  of 
colossal  columns,  is  the  grandest  ruin  in  Egypt. 
Not  far  away  is  the  great  temple  of  Luxor, 
next  to  which  in  size  and  splendor  is  the 
Ramesseum.  Others  of  almost  equal  extent  and 
splendor  arc  at  Abydos  and  at  Mcdinet  Abu; 
while  at  Dcir-el-Bahari  are  the  remains  of  the 
stupendous  hemispcos  of  Queen  Hatshcpsut,  a 
sepulchral  temple  partly  excavated  and  partly 
structural.  At  Ipsambul  (Abu  Simbel)  are  two 
colossal  temples  of  Rameses  II  and  III,  entirely 
hewn  into  the  rocky  cliff.  Many  smaller  tem- 
ples, as  of  Klionsu  at  Karnak,  arc  in  good 
preservation. 

The  Ptolemaic- Roman  age  created  the  two 
temples  of  Hathor  and  Isis  at  Dendcrah,  built 
by  Cleopatra;  the  temple  of  Edfu  and  the 
superb  group  at  Philae;  and  the  Roman-built 
temples  of  Esnch  and  Koom  Ombos,  with 
others  in  Nubia.  All  these  late  temples  have 
screen-walls  between  the  front  columns  of  the 
hypostyle  hall,  crested  with  carved  serpents  — 
a  new  feature;  and  the  capitals  of  columns  are 
very  complex  and  elaborate. 

Coptic  Architecture.— This  is  unimportant 
except  in  its  relations  to  later  A rabo- Egyptian 
art  and  to  the  architecture  of  Christian  Europe 
and  Asia  of  the  same  period  (4th-7th  century). 
The  Copts  are  the  Christian  descendants  of 
the  ancient  Egyptians,  and  erected,  during  the 
above  period,  many  churches  and  monasteries, 
mostly  of  small  size.  These  arc  interesting 
chiefly  for  their  use  of  the  arch,  of  the  dome 
over  the  sanctuary,  and  of  minutely-detailed 
surface  carving  and  elaborate  wooden  screens. 
It  was  the  Copts  who  built  the  earliest  Arab 
mosques  in  Cairo,  and  the  Arabo-Egyptian  style 
owes  much  of  its  character  to  their  work. 
Sec  Architecture;  Obkusk  ;  Pyramid;  Sphinx. 

Bibliography.— Consult  for  history  in  gen- 
eral, Breasted,  J.  H.,  'A  History  of  Egypt  from 
the  Earliest  Times'  (London  1906).  For  the 
architecture,  any  of  the  general  histories  of 
architecture;  also  Maspero.  G.  C,  'Egyptian 
Archaeology*  (Paris  1°10)  ;  Perrot  and  Chipiez: 
'History  of  Art  in  Ancient  Egypt,'  and  the 
works  of  Flinders  Petrie,  Manette,  Prissc 
d'Avcnnies,  Rosscllini  and  Wilkinson. 

A  D.  F.  Hami.in. 
Professor  of  Architecture,  Columbia  University. 
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EGYPTIAN  ARTS.  Sculpture,  Painting 
and  Minor  Arts.—  Sculptors  were  numerous 
and  very  prolific.  Several  great  collections 
of  extant  works  have  been  made  in 
modern  times;  of  these  the  greatest  is 
that  of  the  Museum  of  Ghizeh,  next  come 
those  of  the  Louvre,  British  Museum,  the  Vati- 
can, Florence,  Turin,  The  Hague  and  Berlin. 
Many  works,  however,  are  still  in  situ,  in  the 
temples  and  tombs,  both  colossal  statuary  and 
series  of  reliefs.  Of  the  Old  Empire  all  the 
sculptures  have  been  found  in  tombs.  They  are 
realistic  and  arc  of  value  as  portraits.  In  the 
Middle  Empire  the  official  and  colossal  style 
was  developed  in  connection  with  temple  archi- 
tecture reaching  its  greatest  period  under  the 
Ramcses  and  Sctis  of  the  New  Empire. 
Plastic  art  was  early  employed  to  illustrate  the 
daily  life  of  the  subject.  Each  tomb  contained 
a  representation  in  detail  of  the  person,  family 
and  occupation  of  the  deceased,  and  near  the 
tomb  were  statues  of  him  or  her  as  they  ap- 
peared in  life.  Under  the  New  Empire  sunken 
relief  and  outline  relief  come  into  vogue. 
Methods  of  quarrying,  catving,  polishing  and 
finishing  sculptures  are  represented  in  these 
styles  together  with  others.  Wood  was  used  in 
sculpture  as  is  testified  by  the  number  of 
wooden  statues  remaining,  some  dating  from 
the  Old  Empire,  the  most  noteworthy  being  the 
famous  figure,  Sheik-El-Belcd.  Red  granite  and 
basalt  were  favorite  material  for  statuary, 
while  limestone  and  sandstone  were  used  more 
in  relief.  Red  porphyry  was  especially  popular 
in  the  later  periods.  The  representation  was 
purely  conventional,  for  the  purpose  of  con- 
veying an  idea  and  not  creating  an  illusion. 
Perspective  was  avoided  in  scenes  where  several 
planes  of  figures  appear,  the  rows  being  raised 
one  above  another.  Despite  their  lack  of  real- 
ism the  sculptors  were  careful  of  detail.  The 
earliest  work  of  sculpture  is  the  famous  Sphinx 
of  Ghizeh  now  disintegrating  under  the  changed 
climate.  A  common  portrait  is  the  seated 
group  of  husband  and  wife,  found  through  all 
the  remains  of  the  Old  and  Middle  Empires. 
The  representation  of  divinities  was  usually 
effected  by  placing  an  animal's  head  on  a  human 
body,  a  jackal's  head  for  Anubis;  a  hawk's  for 
Horus,  etc.  The  gods  were  worshipped  on  the 
opposite  walls  of  a  temple  and  the  image  of  the 
god  was  repeated  several  hundred  times  on  the 
walls  and  columns  and  on  the  outer  pylons. 
There  were  also  small  images  of  the  gods  in 
bronze,  glazed  earth,  etc..  used  for  objects  of 
devotion.  Another  theme  might  be  termed  the 
political;  consisting  of  the  giant  king,  at  whose 
feet  cower  many  captives.  There  was  little 
variation  in  the  "several  representations  during 
long  periods.  Of  particular  interest  arc  the 
reliefs  and  paintings  on  the  tombs  of  private 
persons  A  tomb  of  the  Middle  Empire  repre- 
sents the  migration  of  a  tribe  in  all  its  details 
showing  how  traveling  was  done  in  the  age  of 
Moses.  Under  the  New  Empire  there  was  a 
change  to  the  stiff  and  colossal.  Greek  art  was 
introduced  under  the  Ptolemies  and  had  a  pro- 
found influence  on  Egyptian  forms.  Painting 
in  ancient  Egypt  can  hardly  be  called  an  inde- 
pendent art,  being  largely  an  adjunct  to  archi- 
tecture. Wall  paintings  were  popular  from  the 
5th  to  the  13th  dynasty  and  closely  resemble  the 
reliefs  of  the  same  period  in  theme  and  treat- 
ment.   In  portrait  sculpture  the  Egyptians  at- 
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taincd  extraordinary  perfection  at  an  early 
date,  the  skill  with  which  they  worked  in  hard 
stone,  such  as  dioritc  and  basalt,  being  surpris- 
ing. Some  of  the  early  statues  are  of  colossal 
size,  but  a  higher  style  of  art  is  shown  in  those 
of  ordinary  size,  though  a  certain  conventional 
treatment  is  always  apparent.  The  most  usual 
kind  of  mural  sculpture,  a  kind  peculiar  to  the 
Egyptians,  is  that  known  as  hollow  or  sunk  re- 
lief (cavo-rilievo).  The  general  outline  of  the 
object  intended  to  be  represented  is  cut  into 
the  smooth  surface  of  the  stone,  while  at  the 
same  time  the  minor  forms  and  rotundity  are 
represented  within  the  incised  outline.  By  this 
contrivance  the  details  of  the  sculptures  arc  pro- 
tected. Sometimes  the  outline  is  excessively 
deep,  at  others  the  surface  oi  the  figures  is  alto- 
gether much  lower  than  the  general  surface  of 
the  wall,  and  in  others  the  outline  is  but  slightly 
incised  with  a  corresponding  flatness  within. 
Wherever  the  Egyptians  practised  the  true  bas- 
relief  the  sculpture  is  almost  invariably  in  very 
low  relief.  The  back  view  of  the  human  figure 
is  never  represented  in  the  sculptures  excepting 
in  the  case  of  an  enemy,  and  then  rarely ;  the 
figure  is  generally  represented  in  profile,  and 
there  are  but  few  attempts  at  delineating  the 
front  view  of  the  foot  or  of  the  face;  however, 
whether  the  face  be  represented  in  front  or  side 
view,  a  profile  eye  is  never  found.  The  figures 
of  the  king  in  battle-pieces,  and  of  the  landed 
proprietor  in  domestic  scenes,  are  always  on  a 
much  larger  scale  than  the  other  actors  in  the 
piece.  Statues  and  reliefs  were  always  painted, 
and  when  wall  painting  is  employed  it  is  always 
as  a  substitute  for  sculpture.  There  is  no  proper 
perspective,  and  certain  conventionalities  of 
color  arc  employed.  The  Egyptians  are  repre- 
sented with  red  and  yellow  complexions,  red 
ochre  for  the  men  and  yellow  for  the  women. 
The  hair  of  the  king  is  frequently  painted  blue, 
but  that  of  ordinary  men  black.  In  represent- 
ing the  various  nations  with  whom  Egypt  had 
intercourse,  the  artists  seem  to  have  endeavored 
to  imitate  the  complexions  peculiar  to  each. 
Ammen-Ra.  the  chief  divinity  of  Thebes,  is  al- 
ways painted  blue,  and  he  is  further  distin- 
guished by  two  high  feathers  which  he  wears 
in  his  cap.  The  inferior  divinities  arc  not  un- 
commonly of  the  complexions  of  mortals.  The 
sky  or  heavens  are  invariably  indicated  by  a 
strip  of  blue  coming  downward  at  the  lower 
side  of  each  extremity,  and  occasionally  having 
upon  it  a  row  of  five-pointed  stars.  Water, 
seas  and  rivers  are  represented  by  zigzag  lines 
of  a  blue  or  green  color.  Mountains  have  a 
yellow  color,  with  red  spots  upon  it.  Egyptian 
art  was  at  its  highest  during  the  period  between 
the  4th  and  6th  dynasties,  and  notwith- 
standing its  defects  it  was  superior  to  that  of 
Nineveh  and  Babylon  Gold  and  enamel 
jewelry  with  rich  necklaces  and  pectorals  of  a 
very  early  period  have  come  down  to  us.  Ar- 
tistic design  was  skilfully  applied  by  the 
Egyptians  to  articles  of  furniture,  ornament 
and  articles  of  domestic  use -- mirrors,  spoons, 
chairs,  etc.  Wood,  ivory  and  various  metals 
were  used.  The  Phoenicians  and  Greeks  spread 
these  works  along  the  Mediterranean  littoral 
where  they  exerted  a  very  great  influence  on 
design.  (Sec  Akt;  Sculpture).  Consult  Lep- 
sius.  '  Dcnkmalcr*  (1S74)  ;  Pcrrot  and  Chipiez. 
"History  of  Art  in  Ancient  Egypt'  (1883). 

Russell  Stuhgis. 
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EGYPTIAN  BEANt  a  name  sometimes 
given  to  the  bean-like  fruits  of  the  Nelumbium 
speciosum,  the  sacred  loftus,  found  in  Asia  and 
Africa. 

EGYPTIAN  BLUE,  a  brilliant  pigment 
consisting  of  the  hydratcd  protoxide  of  copper 
mixed  with  a  minute  quantity  of  iron. 

EGYPTIAN  LANGUAGE  AND  WRIT- 
ING. To  formulate  an  opinion  in  regard  to  the 
group  to  which  the  ancient  language  of  Egypt 
belonged,  it  is  best  to  follow  step  by  step  the 
gradual  process  of  interpretation  and  secondly 
the  translation  of  the  numerous  texts  existing 
in  inscriptions  and  papvri.  By  so  doing  one  is 
led  to  the  conclusion  that  the  language  of  old 
Egypt  belonged  to  the  Semitic  family,  an  opin- 
ion objected  to  until  quite  recently.  The  first 
modern  studies  tending  to  elucidate  the  myste- 
rious tongue  locked  up  in  the  Egyptian  hiero- 
glyphics were  those  of  the  learned  Jesuit 
Athanasius  Kircher  (1601-80),  but  they,  like 
those  of  other  savants  of  the  17th  and  18th 
centuries,  were  without  result  until  the  discov- 
ery of  a  tablet  inscribed  in  three  languages  fur- 
nished the  key  to  the  history  of  an  ancient  civ- 
ilization, whose  annals  extended  over  40  centu- 
ries. A  French  military  officer,  Captain  M. 
Boussard,  found  in  1798  or  1799  in  the  fort  of 
Saint  Julien  de  Rosetta  an  inscription  drawn 
up  by  the  priests  of  Egypt  gathered  at  Mem- 
phis, in  honor  of  Ptolemy  Epiphanes  (196  B.C.). 
The  first  inscription  was  carved  in  hieroglyph- 
ics, the  second  in  demotic  characters  and  the 
third  in  Greek.  The  inscriptions  were  copied 
and  copies  sent  to  several  academies.  The 
Rosetta  tablet  came  into  the  hands  of  the  Brit- 
ish in  1801  and  now  rests  in  the  British  Mu- 
seum. The  first  Greek  translation  was  that  of 
Du  Theil  and  Weston  in  1801-02,  and  about 
the  same  time  Akcrblad,  a  Swedish  Orientalist 
connected  with  the  embassy  at  Paris,  deciphered 
several  demotic  phrases,  identifying  the  equiv- 
alents of  the  names  of  Alexander,  Alexandria, 
Ptolemy  and  others,  being  guided  principally 
by  the  position  they  occupied  in  the  Greek  text. 
Subsequently  Thomas  Young  published  in  1819 
the  result  of  his  labors  in  this  field,  formulat- 
ing some  rudiments  of  an  Egyptian  vocabulary 
from  the  Rosetta  Stone  and  from  other  monu- 
ments. Warburton,  Barthclemv,  Zcega  and  others 
indicated  the  possibility  of  the  existence  of  a 
hieroglyphic  alphabet.  Finally  Champollion  the 
Younger,  prepared  by  his  studies  of  history 
and  philology,  brought  an  almost  complete  light 
to  bear  on  the  subject,  revealing  the  contents 
of  hieroglyphic  writing  on  many  inscriptions. 
His  'Precis  du  systemc  hicroglvphique'  was  fol- 
lowed, after  his  death  in  1832,  by  the  publication 
of  a  grammar  and  dictionary  of  the  Egyptian 
tongue.  Lepsius,  Birch,  Rouge.  Chabas  and 
others  continued  the  work  but  without  success 
in  establishing  the  grammatical  structure  of  the 
works  on  a  solid  basis.  Gaston  Maspero  and 
Revillout  added  considerably  to  the  collection 
of  translation,  but  the  admirable  scientific  pre- 
cision of  the  modern  translations  was  first 
reached  in  1880  when  Louis  Stern  published  his 
Coptic  grammar,  and  when  Erman  published 
his  in  1902.  This  last-named  work  is  based  on 
wide_  study  of  the  linguistic  variations  during 
the  time  that  the  ancient  Egyptian  tongue  was 
a  living  idiom.  It  shows  the  changes  of  dif- 
ferent periods  and  permits  that  those  who  study 


this  old  tongue  may  now  do  so  with  as  great 
security  as  those  who  undertake  the  study  of 
Latin  or  of  Greek.  The  investigations  of  the 
German  school,  which  counts  illustrious  mem- 
bers in  England,  Denmark,  the  United  States, 
Italy  and  France,  are  published  in  the  annals  of 
the  Berlin  Academy  of  Sciences.  From  the 
most  recent  studies  it  appears  that  the  ancient 
Egyptian  belonged  to  the  Semitic  branch. 
Until  recently  and  because  of  the  biliteral  roots 
of  the  Coptic,  it  was  supposed  that  the  Egyptian 
language  should  be  classified  with  the  three 
sub-families  of  the  Hamite  group  previous  to 
the  formation  of  the  Semitic,  of  which  the 
triliteral  root  is  characteristic.  But  it  was 
shown  that  the  biliteral  roots  of  the  Coptic 
had  originated  from  triliteral  roots  of  the  early 
Egyptian  and  other  similarities  were  shown 
which  prove  conclusively  that  ancient  Egyptian 
belonged  to  the  Semitic  branch.  The  ancient 
language  had  four  periods:  (1)  that  of  the 
Ancient  Empire,  employed  until  some  centuries 
previous  to  our  era;  (2)  colloquial  Egyptian, 
employed  by  merchants  and  in  social  inter- 
course, and  which  existed  from  the  6th  to 
the  17th  or  18th  dynasty;  (3)  the  popular 
tongue  from  the  18th  dynasty  to  the  ena  of  the 
period  of  Roman  domination,  and  (4)  the 
language  of  the  country  from  the  propagation 
of  Christianity  until  it  ceased  to  be  spoken 
three  centuries  ago,  except  in  the  liturgy  of  the 
Coptic  Christians. 

Ancient  Egyptian  writing  had  three  forms: 
(1)  the  Hieroglyphic,  the  most  ancient,  em- 
ployed on  inscriptions  on  temples,  tombs,  pillars 
and  statues;  (2)  the  Hieratic,  the  abbreviated 
form  of  the  former.  It  was  employed  by  the 
priests  from  the  4th  to  the  16th  dynasty;  (3) 
the  Demotic  or  popular  form,  which  began 
about  the  end  of  the  22d  dynasty  and  consisted 
of  conventional  signs.  The  hieroglyphic  writ- 
ing was  employed  with  small  variation  from 
the  4th  dynasty  until  the  3d  century  of 
our  era.  The  signs  were  employed  in  three 
ways — 1st,  representing  in  themselves  an  ob- 
ject, idea,  a  word  or  root;  2d.  representing  a 
syllabic  or  part  of  a  word;  3d,  limiting  the 
sense  of  a  word  already  expressed  by  one  or 
more  signs.  Phonograms  were  few,  about  100 
in  all,  of  which  70  or  80  were  in  current  use. 
The  most  important  signs  are  those  represent- 
ing a  single  letter;  in  the  Old  Empire  there 
were  24  of  these.  Signs  representing  two  let- 
ters were  about  50,  and  those  which  represented 
three  letters  were  formed  by  combinations  of 
this  and  the  first  group.  Ideographic  signs 
were  represented  by  hieroglyphs  symbolizing  an 
idea,  viz.:  V  a  sceptre  signified  prince  or  ruler; 
y£  the  moon;  Q  the  sun;  an  inclined  wall 
represented  the  action  of  falling,  etc.,  etc. 
Hieroglyphs  were  written  horizontally  or  per- 
pendicularly, reading  in  the  direction  in  which 
the  signs  figuring  birds  were  faced,  which  was 
generally  from  right  to  left  of  the  reader,  ex- 
cept in  cases  where  the  horizontal  direction 
was  changed  to  conform  with  the  sides  of  a 
door,  pylon,  etc.  To  preserve  a  symmetrical 
appearance  the  scribes  were  accustomed  to 
group  the  signs  in  squared  areas  and  by  adopt- 
ing syllabic  notation  when  the  signs  hindered 
such  symmetrical  disposition.  Onlv  the  con- 
sonants were  represented,  thus  adding  mate- 
rially to  the  difficulty  of  interpretation,  which 
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is  also  complicated  by  the  fantastic  writing  of 
various  scribes  and  their  errors.  Sec  Hiero- 
glyphics; Egyptian  Literature. 

EGYPTIAN  LITERATURE.  The  advance 
that  has  been  made  in  recent  years  in  the  de- 
cipherment of  the  ancient  writings  of  the  world 
enables  us  to  deal  in  a  very  matter-of-fact  way 
with  the  Egyptian  inscriptions.  Their  chief 
mysteries  are  solved,  their  philosophy  is  almost 
fathomed,  their  general  nature  is  understood. 
The  story  they  have  to  tell  is  seldom  startling 
to  the  modern  mind.  The  world  was  younger 
when  they  were  written.  The  heart  of  man 
was  given  to  devious  ways  then,  as  now  and  in 
the  days  of  Solomon, —  that  we  can  affirm  full 
well;  but  his  mind  was  simpler;  apart  from 
knowledge  of  men  and  the  conduct  of  affairs, 
the  educated  Egyptian  had  no  more  subtlety 
than  a  modern  boy  of  15,  or  an  intelligent  Eng- 
lish rustic  of  a  century  ago. 

To  the  Egyptologist  by  profession  the  in- 
scriptions have  a  wonderful  charm.  The  writ- 
ing itself  in  its  leading  form  is  the  most  at- 
tractive that  has  ever  been  seen.  Long  rows 
of  clever  little  pictures  of  things  in  heaven 
and  earth  compose  the  sentences ;  every  sign 
is  a  plaything,  every  group  a  pretty  puzzle,  and 
at  present,  almost  every  phase  well  under- 
stood brings  a  tiny  addition  to  the  sum  of  the 
world's  knowledge.  But  these  inscriptions,  so 
rich  in  facts  that  concern  the  history  of  man- 
kind and  the  progress  of  civilization,  seldom 
possess  any  literary  charm.  If  pretentious,  as 
many  of  them  are,  they  combine  bald  exaggera- 
tion with  worn-out  simile,  in  which  ideas  that 
may  be  poetical  are  heaped  together  in  defiance 
of  art.  Such  are  the  priestly  laudations  of  the 
kings  by  whose  favor  the  temples  prospered. 
Take,  for  instance,  the  dating  of  a  stela  erected 
under  Rameses  II  on  the  route  to  the  Nubian 
gold  mines.    It  runs  — 

On  the  fourth  day  of  the  first  month  of  the  teuoa  of 
winter,  in  the  third  year  of  the  Majesty  of  Honis.  the  Strong 
Ball,  beloved  of  the  Goddess  of  Truth,  lord  of  the  vulture 
■nd  of  the  uncus  diadems,  protecting  Egypt  and  restraining 
the  tarbarians,  the  Golden  Horus.  rich  in  years,  great  in 
victories.  King  of  Upper  Egypt  and  King  of  Lower  Egypt, 
Mithty  in  Truth  of  Ra.  Chosen  of  Ra,  the  son  of  Ra,  Ranusn 
Beiorrd  ef  A  mtn,  granting  life  tor  ever  and  ever,  beloved  of 
Amen  Ra  lord  of  the  "Throne  of  the  Two  Lands"  in  Apt 
Esut.  appearing  glorious  on  the  throne  of  Horns  among 
the  living  from  day  to  day  even  as  his  father  Ra;  the  good 
god.  lord  of  the  South  Land,  Him  of  Edfu  Horus  flight  of 
plumage,  the  beauteous  sparrow-hawk  of  elect  rum  that  hath 
protected  Egypt  with  his  wing,  making  a  shade  for  men. 
fortress  of  strength  and  of  victory;  he  who  came  forth  terrible 
from  the  womb  to  take  to  himself  his  strength,  to  extend 
his  Wdrrs,  to  whose  body  color  was  given  of  the  strength 
of  Mentu;  the  god  Horus  and  the  g<xl  Set-  There  was 
exultation  in  heaven  on  the  day  of  his  birth;  the  gods  six], 
"We  have  lmgottcn  him"  ;  the  goddesses  said.  "  He  came 
forth  from  us  to  rule  the  kingdom  of  Ra";  Amen  spake,  "I 
am  he  who  have  made  him.  whereby  I  have  vt  Tnith  in  her 
place;  the  earth  is  established,  heaven  is  well  pleased,  the 
gods  are  satisfied  by  reason  of  him."  The  Strong  Bull 
against  the  vile  Ethiopians,  which  uttcreth  his  roaring  against 
the  land  of  the  negroes  while  his  hoofs  trample  the  Trog- 
lodytes, his  hnm  thrusteth  at  them;  his  spirit  is  mighty  in 
Nubia  an.l  the  terror  of  him  rc.-ichcth  to  the  land  of  the 
Karv;  his  name  cimtlateth  in  all  lands  because  of  the  victory 
which  his  arms  have  won;  at  his  name  gold  rometh  forth 
from  the  mountain  as  at  the  name  of  his  father,  the  god 
Horus  of  the  land  of  Baku;  beloved  is  he  in  the  Lands  of 
the  South  even  as  Horus  at  Mcama.  the  god  of  the  Land  of 
Buhen.  King  of  Upper  and  Lower  Egypt.  Mithty  in  Truth 
of  Ra.  son  of  Ra.  of  his  body.  Lord  of  Diadems.  Ramtus 
Br'mrt  of  Awn.  E'ving  life  for  <»\*er  and  rveT  like  his  father 
Ra.  day  by  day.  (Revised  from  the  German  translation  of 
Professor  Erman.] 

As  Professor  Erman  has  pointed  out,  the 
courtly  scribe  was  most  successful  when  tak- 


ing his  similes  straight  from  nature,  as  in  the 
following  description,  also  of  Ramcscs  II : — 

A  victorious  lion  putting  forth  its  claws  while  roaring 
loudly  and  uttering  its  voice  in  the  Valley  of  the  Gazelles. 

.  A  jackal  swift  of  foot  seeking  what  it  may  find, 
going  round  the  circuit  of  the  land  in  one  instant.  .  .  . 
his  mighty  will  seizeth  on  his  enemies  like  a  flame  catching 
the  ki-ki  plant  with  the  storm  behind  it.  like  the  strong 
flame  which  hath  tasted  the  fire,  destroying,  until  every- 
thing that  is  in  it  becometh  ashes;  a  storm  howling  terribly 
on  the  sea.  its  waves  like  mountains,  none  can  enter  it.Vvery 
one  that  is  in  it  is  engulphed  in  Duat. 

Here'  and  there  among  the  hieroglyphic  in- 
scriptions are  found  memorials  of  the  dead,  in 
which  the  praises  of  the  deceased  are  neatly 
strung  together  and  balanced  like  beads  in  a 
necklace,  and  passages  occur  of  picturesque  nar- 
rative worthy  to  rank  as  literature  of  the  olden 
time.  We  may  quote  in  this  connection  from 
the  biographical  epitaph  of  Ameny,  who  was 
governor  of  a  province  in  middle  Egypt  for 
25  years  during  the  long  reign  of  Uscrtesen  I 
(about  2716  B.C.).  This  inscription  not  only 
recounts  the  achievements  of  Ameny  and  the 
royal  favor  which  was  shown  him,  but  also 
tells  us  in  detail  of  the  capacity,  goodness, 
charm,  discretion  and  insight  by  which  he 
attached  to  himself  the  love  and  respect  of  the 
whole  court,  and  of  the  people  over  whom  he 
ruled  and  for  whose  well-being  he  cared. 
Ameny  says : — 

I  was  a  professor  of  favor,  abounding  in  love,  a  ruler  who 
loved  his  city.  Moreover  I  passed  vears  as  ruler  in  the 
Oryx  nome.  All  the  works  of  the  house  of  the  King  came 
into  my  hand.  Behold,  the  superintendent  of  the  gangs  of 
the  domains  of  the  herdsmen  of  the  Oryx  nome  gave  roe 
3.000  bulls  of  their  draught  stock.  I  was  praised  for  it  in 
the  house  of  the  King  each  year  of  stock-taking.  I  rendered 
all  their  works  to  the  King's  house-  there  were  no  arrears 
to  me  in  any  of  his  offices. 

The  entire  Oryx  nome  served  me  in  numerous  attend- 
ances. There  was  not  the  daughter  of  a  poor  man  that  I 
wronged,  nor  a  widow  that  I  oppressed.  There  was  not  a 
farmer  that  I  chastised,  not  a  herdsman  whom  I  drove 
away,  n^t  a  foreman  of  five  whose  men  I  took  away  for  the 
works.  There  was  not  a  pauper  around  me,  there  was  not 
a  hungry  man  of  my  time.  When  there  came  years  of  famine, 
I  arose  and  ploughed  all  the  fields  of  the  Oryx  nome  to  its 
boundary  south  and  north,  giving  life  to  its  inhabitants, 
making  its  provisions.  There  was  not  a  hungry  man  in 
it.  I  gave  to  the  widow  as  to  her  that  possessed  a  husband, 
and  I  favored  not  the  elder  above  the  younger  in  all  that  I 
gave.  Thereafter  great  rises  of  the  Nile  took  place,  pro- 
ducing wheat  and  barley,  and  producing  all  things  abun- 
dantly, but  I  did  not  exact  the  arrears  of  farming. 

Elsewhere  in  his  tomb  there  arc  long  lists  of 
the  virtues  of  Amcncmhat,  and  from  these  the 
following  may  be  selected  both  on  account  of 
picturesqiiencss  of  expression  and  the  apprecia- 
tion of  fine  character  which  they  display : — 

Superintendent  of  all  things  which  heaven  gives  and 
earth  produces,  overseer  of  horns,  hoofs,  feathers,  and  shells. 
.  .  .  Master  of  the  art  of  causing  writing  to  speak. 
.  .  .  Caressing  of  heart  to  nil  people,  making  to  prosper 
the  timid  man,  hospitable  to  all,  escorting  (travelers)  up  and 
down  the  river.  .  .  .  Knowing  how  to  aid.  arriving  at 
time  of  need:  free  of  planning  evil,  without  greedirwss  in  his 
body,  speaking  words  of  truth.  .  .  ■  Unique  as  a  mighty 
hunter,  the  abode  of  the  heart  of  the  King.  .  .  .  Speak- 
ing the  right  when  he  judges  between  suitors,  clear  of  speak- 
ing fraud,  knowing  how  to  proceed  in  the  council  of  the 
elders,  finding  the  knot  in  the  skein.  .  .  .  Great  of 
favors  in  the  house  of  the  King,  contenting  the  heart  on  the 
dav  of  making  division,  careful  of  his  K"i«gs  to  his 
gaining  reverence  on  the  day  of  weighing  words,  beloved 
of  the  officials  of  the  palace. 

The  cursive  forms  of  writing  —  hieratic 
from  the  earliest  times,  demotic  in  the  latest  — 
were  those  in  which  records  were  committed  to 
papyrus.  This  material  has  preserved  to  us 
documents  of  every  kind,  from  letters  and 
ledgers  to  works  of  religion  and  philosophy 
To  these,  again,  "literature9  is  a  term  rarely 
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to  be  applied ;  yet  the  tales  and  poetry  occasion- 
ally met  with  on  papyri  are  perhaps  the  most 
pleasing  of  all  the  productions  of  the  Egyptian 
scribe. 

It  must  be  confessed  that  the  knowledge  of 
writing  in  Egypt  led  to  a  kind  of  primitive 
pedantry,  and  a  taste  for  unnatural  and  to  us 
childish  formality ;  the  free  play  and  naivete  of 
the  story-teller  is  too  often  choked,  and  the  art 
of  literary  finish  was  little  understood.  Sim- 
plicity and  truth  to  nature  alone  gave  lasting 
charm,  for  though  adornment  was  often  at- 
tempted, their  rude  arts  of  literary  embellish- 
ment were  seldom  otherwise  than  clumsily  em- 
ployed. 

A  word  should  be  said  about  the  strange 
condition  in  which  most  of  the  literary  texts 
have  come  down  to  us.  It  is  rarely  that  mon- 
umental inscriptions  contain  serious  blunders  of 
orthography;  the  peculiarities  of  late  archaistic 
inscriptions  which  sometimes  produce  a  kind  of 
"dog  Egyptian*  can  hardly  be  considered  as 
blunders,  for  the  scribe  knew  what  meaning  he 
intended  to  convey.  But  it  is  otherwise  with 
copies  of  literary  works  on  papyrus.  Some- 
times these  were  the  productions  of  schoolboys 
copying  from  dictation  as  an  exercise  in  the 
writing  school,  and  the  blank  edges  of  these 
papyri  are  often  decorated  with  essays  at  exe- 
cuting the  more  difficult  signs.  The  master  of 
the  school  would  seem  not  to  have  cared  what 
nonsense  was  produced  by  the  misunderstand- 
ing of  his  dictation,  so  long  as  the  signs  were 
well  formed.  The  composition  of  new  works 
on  the  model  of  the  old,  and  the  accurate  under- 
standing of  the  ancient  works,  were  taught  in  a 
very  different  school,  and  few  indeed  attained 
to  skill  in  them.  The  boys  turned  out  of  the 
writing  school  would  read  and  write  a  little; 
the  clever  ones  would  keep  accounts,  write  let- 
ters, make  out  reports  as  clerks  in  the  govern- 
ment service,  and  might  ultimately  acquire  con- 
siderable proficiency  in  this  kind  of  work. 
Apparently  men  of  the  official  class  sometimes 
amused  themselves  with  puzzling  over  an  ill 
written  copy  of  some  ancient  tale,  and  with 
trying  to  copy  portions  of  it.  The  work,  how- 
ever, was  beyond  them ;  they  were  attracted  by 
it,  they  revered  the  compilations  of  an  elder 
age  and  those  which  were  "written  by  the  finger 
of  Thoth  himself*;  but  the  science  of  language 
was  unborn,  and  there  was  little  or  no  syste- 
matic instruction  given  in  the  principles  of  the 
ancient  grammar  and  vocabulary.  Those  who 
desired  to  attain  eminence  in  scholarship  after 
they  had  passed  through  the  writing  school  had 
to  go  to  Heliopolis,  Hermopolis  or  wherever 
the  principal  university  of  the  time  might  be, 
and  there  sit  at  the  feet  of  priestly  professors; 
who  we  fancy  were  reverenced  as  demigods, 
and  who  in  mysterious  fashion  and  with  nig- 
gardly hand  imparted  scraps  of  knowledge  to 
their  eager  pupils.  Those  endowed  with  spe- 
cial talents  might  after  almost  lifelong  study 
become  proficient  in  the  ancient  language. 
Would  that  we  might  one  day  discover  the 
hoard  of  rolls  of  such  a  copyist  and  writer! 

There  must  have  been  a  large  class  of  hack- 
copyists  practised  in  forming  characters  both 
uncial  and  cursive.  Sometimes  their  copies  of 
religious  works  are  models  of  deft  writing,  the 
embellishments  of  artist  and  colorist  being 
added  to  those  of  the  calligrapher ;  the  magnifi- 
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cent  rolls  of  the  'Book  of  the  Dead'  in  the 
British  Museum  and  elsewhere  arc  the  admira- 
tion of  all  beholders.  Such  manuscripts  satisfy 
the  eye,  and  apparently  neither  the  multitude  in 
Egypt  nor  even  the  priestly  royal  undertakers 
questioned  their  efficacy  in  the  tomb.  Yet  are 
they  very  apples  of  Sodom  to  the  hieroglyphic 
scholar,  fair  without  but  ashes  within.  On 
comparing  different  copies  of  the  same  text,  he 
sees  in  almost  every  line  omissions,  perversions, 
corruptions,  until  he  turns  away  baffled  and  dis- 
gusted. Only  here  and  there  is  the  text  prac- 
tically certain,  and  even  then  there  are  probably 
grammatical  blunders  in  every  copy.  Nor  is  it 
only  in  the  later  papyri  that  these  blunders  are 
met  with.  The  hieroglyphic  system  of  writing, 
especially  in  its  cursive  forms,  lends  itself  very 
readily  to  perversion  by  ignorant  and  inattentive 
copyists ;  and  even  monumental  inscriptions,  so 
long  as  they  are  mere  copies,  arc  usually  cor- 
rupted. The  most  ridiculous  perversions  of  all 
date  from  the  Rameses  epoch  when  the  dim 
past  had  lost  its  charm,  for  the  glories  of  the 
18th  dynasty  were  still  fresh,  while  new  im- 
pulses and  foreign  influence  had  broken  down 
adherence  to  tradition  and  isolation. 

In  the  8th  century  B.C.  the  new  and  the  old 
were  definitely  parted,  to  the  advantage  of  each. 
On  the  one  hand  the  transactions  of  ordinary 
life  were  more  easily  registered  in  the  cursive 
demotic  script,  while  on  the  other  the  sacred 
writings  were  more  thoroughly  investigated  and 
brought  into  order  by  the  priests.  Hence,  in 
spite  of  absurdities  that  had  irremediably  crept 
in,  the  archaistic  texts  copied  in  the  26th  dy- 
nasty are  more  intelligible  than  the  same  class 
of  work  on  the  19th  and  20th  dynasties. 

In  reading  translations  from  Egyptian,  it 
must  be  remembered  that  uncertainty  still  re- 
mains concerning  the  meanings  of  multitudes 
of  words  and  phrases.  Every  year  witnesses  a 
great  advance  in  accuracy  of  rendering ;  but  the 
translation  even  of  an  easy  text  still  requires 
here  and  there  some  close  and  careful  guess- 
work to  supply  the  connecting  links  of  passages 
or  words  that  are  thoroughly  understood,  or  the 
resort  to  some  conventional  rendering  that  has 
become  current  for  certain  ill  understood  but 
frequently  recurring  phrases.  The  Egyptolo- 
gist is  now  to  a  great  extent  himself  aware 
whether  the  ground  on  which  he  is  treading 
is  firm  or  treacherous,  and  it  seems  desirable  to 
make  a  rule  of  either  giving  the  public  only 
what  can  be  warranted  as  sound  translation, 
or  else  of  warning  them  where  accuracy  is 
doubtful.  A  few  years  ago  surh  a  course 
would  have  curtailed  the  area  for  selection  to 
a  few  of  the  simplest  stories  and  historical  in- 
scriptions; but  now  we  can  range  over  almost 
the  whole  field  of  Egyptian  writing,  and  gather 
from  any  part  of  it  warranted  samples  to  set 
before  the  reading  public.  The  labor,  however, 
involved  in  producing  satisfactory  translations 
for  publication,  not  mere  hasty  readings  which 
may  give  something  of  the  sense,  is  very  great ; 
and  at  present  few  texts  have  been  well  ren- 
dered. 

We  may  now  sketch  briefly  the  history  of 
Egyptian  literature,  dealing  with  the  subject  in 
periods : 

1.  The  Ancient  Kingdom,  About  4400  B.C.- 
3000  B.C. —  The  earlier  historic  period  — from 
the  1st  dynasty  to  the  3d.  about  3766  B.C. 


Digitized  by  Google 


18 


EGYPTIAN  LITERATURE 


— has  left  no  inscriptions  to  any  extent.  Some 
portions  of  the  'Book  of  the  Dead'  (q.v.)  pro- 
fess to  date  from  these  or  earlier  times,  and 
probably  much  of  the  religious  literature  is  of 
extremely  ancient  origin.  The  first  book  of 
'Proverbs'  in  the  Prisse  Papyrus  is  attributed 
by  its  writer  to  the  end  of  the  3d  dynasty 
(about  3766  B.C.).  From  the  4th  dynasty  to 
the  end  of  the  6th  (3100  b.c.)  the  number  of 
the  inscriptions  increases;  tablets  set  up  to 
the  kings  of  the  4th  dynasty  in  memory  of 
warlike  raids  are  found  in  the  peninsula  of 
Sinai,  and  funerary  inscriptions  abound.  The 
pyramids  raised  at  the  end  of  the  5th  and 
during  the  6th  dynasties  are  found  to  contain 
interminable  religious  inscriptions,  forming  al- 
most complete  rituals  for  the  deceased  kings. 
Professor  Maspero,  who  has  published  these 
texts,  states  that  they  *contain  much  verbiage, 
many  pious  platitudes,  many  obscure  allusions 
to  the  affairs  of  the  other  world,  and  among 
all  this  rubbish  some  passages  full  of  movement 
and  wild  energy,  in  which  poetical  inspiration 
and  religious  emotion  arc  still  discernible 
through  the  veil  of  mythological  expressions." 
Of  the  funerary  and  biographical  inscriptions 
the  most  remarkable  is  that  of  Una,  an  official 
of  King  Mcr-en-ra  (6th  dynasty). 

Another,  later  but  hardly  less  important,  is 
on  the  facade  of  the  tomb  of  Hehrhuf,  at  As- 
wan, and  recounts  the  expeditions  into  Ethiopia 
and  the  southern  oasis  which  this  resourceful 
man  carried  through  successfully.  In  llchr- 
huf's  later  life  he  delighted  a  boy  king  of 
Egypt  by  bringing  back  for  him  from  one  of 
his  raids  a  grotesque  dwarf  dancer  of  excep- 
tional skill ;  the  young  Pharaoh  sent  him  a  long 
letter  on  the  subject,  which  was  copied  in  full 
on  the  tomb  as  an  addition  to  the  other  records 
there.  It  is  to  the  5th  dynasty  also  that  the 
second  collection  of  'Proverbs'  in  the  Prisse 
Papyrus  is  dated.  The  7th  and  8th  dynasties 
have  left  us  practically  no  records  of  any  kind. 

2.  The  Middle  Kingdom,  3000-1600  B.C.- 
The  Middle  Kingdom  from  the  9th  to  the  17th 
dynasty  shows  a  great  literary  development. 
Historical  records  of  some  length  arc  not  un- 
common. The  funerary  inscriptions  descrip- 
tive of  character  and  achievement  are  often 
remarkable. 

Many  papyri  of  this  period  have  survived: 
the  Prisse  Papyrus  of  'Proverbs,'  a  papyrus 
discovered  by  Mr.  Flinders  Pctrie  with  the 
'Hymn  to  Usertescn  III,'  papyri  at  Berlin  con- 
taining a  dialogue  between  a  man  and  his  soul, 
the  'Story  of  Sanchat.'  the  'Story  of  the 
Sckhti,'  and  a  very  remarkable  fragment  of 
another  story;  besides  the  'Wcstcar  Papyrus  of 
Tales'  and  at  Saint  Petersburg  the  'Ship- 
wrecked Sailor.'  The  productions  of  this  pe- 
riod were  copied  in  later  times;  the  royal 
'Teaching  of  Amcnemhat'  and  the  worldly 
'Teaching  of  DauP  as  to  the  desirability  of  a 
scribe's  career  above  any  other  trade  or  pro- 
fession exist  only  in  late  copies.  Portions  of 
the  'Book  of  the  Dead'  are  found  inscribed  on 
tombs  and  sarcophagi. 

3.  The  New  Kingdom,  etc. —  From  the  New 
Kingdom.  1600-700  B.C.,  we  have  the  'Maxims 
of  Any,'  spoken  to  his  son  Khonsu  Hetep.  nu- 
merous hymns  to  the  gods,  including  that  of 
King  Akhenaten  (Amcnhotcp  IV)  to  the  disc 
of  the  sun,  and  hymns  to  Amen  Ra.  Inscrip- 


tions of  every  kind,  historical,  mythological 
and  funereal,  abound  The  historical  inscrip- 
tion of  Piankhi  is  of  very  late  date.  On  papyri 
arc  the  stories  of  'The  Two  Brothers,'  of  'The 
Taking  of  Joppa,'  of  the  'Doomed  Prince.' 

From  the  Saite  period  (26th  dvnasty.  160 
B.c.)  and  later,  there  is  little  worthy  of  record 
in  hieroglyphics ;  the  inscriptions  follow  ancient 
models.    In  demotic  we  nave  the  'Story  of 


Set 


na,'  a  papyrus  of  moralities, 


rhronicle 


somewhat  falsified,  a  harper's  song,  a  philosoph- 
ical dialogue  between  a  cat  and  a  jackal  and 
others. 

Here  we  might  end.  Greek  authors  in  Egypt 
were  many;  some  were  native,  some  of  foreign 
birth  or  extraction,  but  they  all  belong  to  a  dif- 
ferent world  from  the  ancient  Egyptian.  With 
the  adaptation  of  the  Greek  alphabet  to  the 
spelling  of  the  native  dialects,  Egyptian  came 
again  to  the  front  in  Coptic,  the  language  of 
Christian  Egypt.  Coptic  literature,  if  such  it 
may  be  called,  was  almost  entirely  produced  in 
Egyptian  monasteries  and  intended  for  edifica- 
tion Let  us  hope  that  it  served  its  end  in  its 
day.  To  us  the  dull,  extravagant  and  fantastic 
'Acts  of  the  Saints,'  of  which  its  original  works 
chiefly  consist,  arc  tedious  and  ridiculous  ex- 
cept for  the  linguist  or  the  Church  historian. 
They  certainly  display  the  adjustment  of  the 
ancient  Egyptian  mind  to  new  conditions  of  life 
and  belief. 

Some  Modern  Texts  and  Translations.— 

The  bulk  of  the  Egyptian  literature  has  been 
preserved  in  papyri,  nearly  all  of  which  are  scat- 
tered in  the  various  museums  of  Europe.  Nine 
papyri  out  of  10  contain  the  religious  books  and 
rituals  which  were  placed  with  the  mummies 
in  the  coffins  or  in  the  sepulchral  chambers. 
The  most  famous  of  them  is  the  'Book  of  the 
Dead.'  a  compilation  of  prayers  and  magical  in- 
cantations intended  to  ensure  the  security  of  the 
soul  in  the  other  world,  and  to  serve  it  as  a 
sort  of  password  in  the  travels  it  was  compelled 
to  undertake  before  reaching  the  Hall  of 
Judgment  and  the  Elysium  Fields.  Several 
copies  of  this  book  have  been  reproduced  in 
facsimile  by  Lcpsius  ('Das  Todtenbuch  dcr 
alten  Agyptcr,'  Berlin  1842)  and  by  E  de  Rouge 
('RitucT  funcrairc  des  Anciens  figyptiens,' 
Paris  1861-64)  but  the  standard  edition  is  that 
projected  by  the  International  Congress  of 
Orientalists  in  London  (1874)  and  executed  in 
part  by  Navillc  in  'Das  thebanischc  Todten- 
buch dcr  XVIII  bis  XX  Dynastic'  (Berlin 
1886).  It  gives,  however,  only  those  chapters 
which  arc  to  be  found  in  the  manuscripts  of 
the  Theban  period.  Translations  of  the  whole 
book  exist  in  English,  prepared  by  Birch  (in 
Bunscn's  'Egypt's  Place  in  Universal  History,' 
Vol.  V,  1866)  and  by  Le  Pagc-Rcnouf  in  'Pro- 
ceedings of  the  Society  of  Biblical  Archaeology.  • 
Rituals  proper,  that  is  collections  of  the  cere- 
monies of  prayers  performed  in  the  temples  and 
tombs  —  are  very  numerous;  such  arc  the  ritual 
for  the  cult  of  the  Theban  Amon.  The  Open- 
ing of  the  Mouth  and  the  other  rites  performed 
on  the  day  of  burial  have  been  preserved  to  us 
in  the  pyramids  of  the  5th  and  6th  dynasties 
and  in  the  private  and  royal  vaults  of  the  The- 
ban cemeteries.  The  texts  in  the  pyramids  have 
been  collected  and  translated  by  Maspero  and 
those  of  the  Thchan  hypogecs  by  Schiaparclli 
('II  libro  dci  Funcrali  dcg'li  Antichi  Egiziani,' 
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Rome    1880-90).     Books  of 
though  they  are  not  as  numerous  as  the  ritual- 
istic or  religious  works.    Most  of  them  arc  un- 
published as  yet,  but  the  translation  of  Chabas 
('Le  papyrus  magique  Harris,'  ChaJons-sur- 
Saone  1861 ) ;  Pleyte  ( '  Etude  sur  un  rouleau 
magique,  etc.')  and  Lefebrure  ('Un  chapitre  de 
la  chroniquc  solaire')  give  a  sufficient  idea  of 
the  ways  in  which  Pharaoh's  magicians  were 
wont  to  conjure  the  demons.    That  they  were 
sometimes  prosecuted  as  adepts  in  the  black  art 
is  proved  by  the  proceedings  of  a  trial  for  high 
treason  at  Thebes  during  the  reign  of  Rameses 
III.    Magicians  often  acted  as  physicians  or 
surgeons,  and  no  remedy  could  be  properly 
applied  without  their  help.    About  20  treatises 
on  medicine  are  known  to  exist,  of  which  a  few 
have  been  published   ('Papyrus  medical  de 
Berlin').    Ebers  studied  and  published  com- 
ments upon  portions  of  his  papyrus  which  relate 
to  the  diseases  of  the  eye.   No  papyrus  treating 
of  astronomy  has  yet  been  discovered,  but  the 
calendars,  zodiacs,  astronomical  and  astrological 
tables  which  abound  on  the  walls  of  temples  and 
tombs  at  Ombos,  Esneh,  Edfu,  Denderah  the 
Ramesseum,  the  Memnonium  of  Abydos  and 
others,  furnish  a  large  quantity  of  material. 
Three  mathematical  papyri  have  been  found, 
one  of  Roman  times  and  one  from  the  12th 
dynasty  and  one  at  Thebes.   There  are  several 
works  on  philosophy,  which  was  limited  to  a 
rendition  of  moral  precepts  and  aphorisms  on 
the  conduct  of  life.    Some  are  very  ancient  — 
the  'Papyrus  Prisse'  seems  to  have  been  writ- 
ten in  the  12th  dynasty  and  has  been  called 
•the  oldest  book  in  the  world.*    Poems  and 
songs  are  by  no  means  rare  in  the  manuscripts. 
The  remains  of  two  collections  of  love-songs 
have  been  studied  by  Maspero  ('Etudes  Egyp- 
tiennes,'  Vol.  1)  and  the  poem  on  the  battle  of 
Kadcsh,  in  which  Rameses  II  is  made  to  de- 
scribe how  he  fought  against  the  Hittites,  is 
widely  known.    There  was  a  whole  literature 
of  stories  akin  to  the  'Arabian  Nights.'  De 
Rouge  discovered  the  first  of  them  in  1852  and 
entitled  it  'A  Talc  of  Two  Brothers'  and  since 
then  about  20  have  been  published;  the  most 
curious  among  them  are  the   'Tale  of  the 
Wicked  Mariner'  (Golenischeff,  'Sur  an  ancien 
conte  cgypticn,'  (Leipzig  1881)  and  the  'Tale 
of  Khonfoui  and  the  Magicians'  (Erman,  'Dcr 
Papyrus  Wcstcor,'  Berlin  1891).  They  have  been 
collected  by  Maspero  in  his  'Contcs  populaires 
de  l'ancicnnc  figypte'   (2d  ed.,  Paris  18°0). 
Even  fables  were  current  in  Egypt  which  the 
Greeks  attributed  to  j£sop ;  the  fable  of  'The 
Lion  and  the  Mouse'  (Lauth,  'Their  nabel  in 
Agyptcn,'  Munich  1868)  and  'Dispute  of  the 
Members  and  the  Stomach'  (Maspero,  op.  cit., 
Vol.  1).  Private  letters  have  come  down,  many 
of  them  scaled  and  unopened,  others  preserved 
in   anthologies,  where   teachers  of   the  19th 
and  20th  dynasties  had  inserted  specimens  of  de- 
scriptions and  poetical  epistles,  official  reports 
on  administrative  subjects,  as  models  of  ele- 

fint  style  for  the  young  scribes,  their  pupils, 
cvcral  of  these  have  been  published  by  the 
trustees  of  the  British  Museum  in  the  first 
volume  of  the  'Select  Papyri'  (London  1841-44). 
The  Old  Egyptian  language  has  been  the  sub- 
ject of  continuous  research  and  there  arc  many 
excellent  grammars  but  lexicography  is  not  so 
well  advanced.    For  the  constant  progress  in 


this  field  of  uncovering  the  ancient  literature  of 
Egypt  consult  the  notes,  pamphlets,  papers,  etc, 
inserted  in  the  various  journals  of  Europe  and 
America.  Consult  also  'Transactions  and  Pro- 
ceedings' of  the  Society  of  Biblical  Archaeology 
and  'Memoirs  of  the  Egyptian  Exploration 
Fund'  in  England;  the  'Zcitschrift  der 
Deutschen  Morgcnlandischcn  Gescllschaft'  and 
the  'Zeitschxift  fur  Agyptische  Sprache  und 
Alterthumskunde,'  in  Germany;  and  the  Jour- 
nal Asiatique,  Revue  de  fHistoire  des  Religions, 
the  Revue  Egyptologique,  in  France;  (Prince) 
Ibrahim-Hilmy,  'The  Literature  of  Egypt  and 
The  Soudan'  (2  vols.,  London  1886-88).  See 
Hieroglyphics. 

Samuel  Augustus  Binion, 
Author  of  ' Ancient  Egypt  or  Microim.1 

EGYPTIAN  MUSIC.  Our  knowledge  of 
the  music  of  ancient  Egypt  is  very  meagre. 
We  have  short  accounts  of  it  in  Greek  authors 
and  we  find  specimens  of  their  musical  instru- 
ments and  there  have  survived  numerous  illus- 
trations of  others,  together  with  scenes  repre- 
senting the  singing  of  odes  to  the  gods,  or  their 
heroes,  funeral  dirges,  and  we  know  that  musi- 
cians and  dancers  formed  a  part  of  all  enter- 
tainments. In  general  their  instruments  are  of 
the  same  character  as  those  of  the  Hebrews  and 
Assyrians,  from  which  we  infer  that  their 
music  was  of  the  same  general  type  as  that  of 
these  neighboring  civilized  peoples.  Their  first 
music  was  merely  an  accompaniment  to  the 
dance,  as  we  find  representations  of  singers 
clapping  their  hands  in  rhythm  to  the  motions 
of  the  dance.  Vocal  music  was  made  up  of 
solos  and  choruses.  Women  often  sang  without 
musical  accompaniment,  but  it  appears  that  men 
rarely  did  so.  Many  songs  have  been  preserved, 
one  of  the  oldest  being  that  of  the  oxen  thresh- 
ing out  the  corn.  The  Egyptians  had  no  clear 
or  fixed  ideas  of  harmony  and  possessed  no 
system  of  notation  although  they  had  many 
treatises  on  music.  The  harp,  lyre,  flute, 
trumpet,  drum,  cymbals  and  tambourine  were 
their  principal  instruments.  We  find  notices  of 
the  harp  prior  to  3000  b.c.  At  first  it  had  but 
7  strings  increasing  gradually  to  22.  The 
strings  were  of  catgut.  It  had  no  pedals  and 
could  be  played  in  but  one  key.  The  lyre  was 
also  a  popular  instrument  of  from  6  to  20 
strings.  Flutes  were  in  use  at  an  early  period. 
About  500  B.C.  the  te-bouni,  a  kind  of  banjo, 
came  into  use.  It  generally  had  but  one  string, 
although  some  specimens  have  two  or  three.  A 
shoulder  harp  was  also  in  vogue  about  this  time ; 
it  was  played  when  resting  on  the  shoulder.  It 
was  a  medium  between  the  harp  and  guitar.  All 
these  instruments  underwent  considerable  de- 
velopment in  the  course  of  lime  and  there  were 
also  a  number  of  derived  instruments.  Both 
women  and  men  played  on  these,  although  cer- 
tain instruments  appear  to  have  been  peculiar  to 
each  sex.  Consult  F.ngel,  'Music  of  the  An- 
cients' (London  1864)  ;  Mathews,  'Popular 
History  of  Music'  (Chicago  1894)  ;  Smith, 
'World's  Earliest  Music'  (London  1904). 

EGYPTIAN  RELIGION  AND  SOCI- 
OLOGY. Religion.— No  satisfactory  treat- 
ment of  ancient  Egyptian  religion  has  ap- 
peared, though  the  subject  was  one  of  the  first 
to  awaken  interest  in  modern  times.  The  : 
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of  the  deities  of  the  Pantheon  arc  well  known 
and  their  general  characteristics  are  sufficiently 
defined,  hut  the  gradations  between  them  and 
the  conceptions  which  gave  them  force  are  ob- 
scured not  only  by  the  most  curious  inconsisten- 
cies but  by  the  fog  of  mythology  which  is  for 
the  most  part  unknown  to  us.  Religious  con- 
ceptions existed  during  all  periods,  but  never  a 
religion  in  any  true  sense.  It  is  plain  enough 
that  the  differences  in  religious  belief  and  prac- 
tice corresponded  to  the  primitive  condition  of 
the  land,  each  district  having  its  chief  object  of 
veneration.  It  was  a  condition  of  Henotheism 
out  of  which,  in  consequence  of  the  closer  con- 
tact produced  by  the  union  of  the  nomoi  under 
a  central  government,  there  grew  up  a  system 
of  national  polytheism  in  which  the  principal 
god  of  the  capital  gained  pre-eminence.  The 
original  deities  were  objects  of  nature,  but 
their  development  was  various  in  the  different 
nomoi.  Only  at  a  later  date  did  gods  appear 
who  represented  abstract  or  cosmogonical 
ideas.  When  intimate  association  occurred 
there  was  a  resultant  confusion  of  attributes 
and  names.  The  hegemony  of  the  god  of  the 
capital  contained  in  itself  the  motives  of  Mono- 
theism, but  there  is  no  indication  that  Mono- 
theism was  the  original  form  of  the  Egyptian 
religion  or  that  the  people  ever  advanced  to  it. 
in  spite  of  such  phrases  as  "the  only  god"  and 
the  like.  When  carefully  examined  these  ex- 
pressions are  found  to  refer  to  the  deity  held 
in  special  reverence  in  a  particular  locality,  the 
•city  god"  or  the  leader  of  the  local  triad  or 
ennead.  Endowed  temples  and  independent 
priests  of  separate  deities  prove  that  a  deter- 
mined resistance  was  made  to  any  attempt  to 
introduce  monotheism,  such  as  is  actually  seen 
in  the  case  of  Amenophis  IV.  Ptah  was  the 
god  of  Memphis;  Ncith,  the  warlike  goddess  of 
Libyan  Sais;  Chnum  of  Elephantine  was  the 
deity  of  the  cataract  regions;  Nechcbt  was  god- 
dess of  the  south  in  general;  Min  was  the  desert 
god;  Osiris  of  Abydon  supplanted  an  earlier 
deity;  Amon  of  Thebes,  Anubis  of  Tycopolis, 
Turn  of  Heliopolis,  Bast  of  Bubastis,  Sebek  of 
the  Fayum,  Hathor  of  Denderah,  Horus  of 
Edfu,  Thoth  of  Hcrmopolis,  Mont  of  Her- 
monthes  are  examples  of  the  local  gods. 

The  forms  of  many  of  the  deities  are  ex- 
tremely grotesque.  It  may  be  a  human  or  ani- 
mal shape  but  frequently  it  is  a  mixture  of  the 
two;  the  human  trunk  being  surmounted  by  an 
animal  head.  Thus  Ptah  appears  as  the  Apis- 
Bull;  Hapi,  Amon  and  Chnum  as  rams;  Sebek 
as  a  crocodile-headed  man;  Nechebt  as  a  ser- 
pent; Mut  as  a  vulture;  Anubis  as  a  jackal- 
headed  man ;  Bast  as  a  cat-headed  woman ; 
Scchmet  and  Tefmut  as  lion-headed;  Hathor  as 
a  cow ;  Horus  as  a  hawk,  or  hawk-hcaded  man ; 
Thoth  as  an  ibis.  The  Phcenix  is  possibly  de- 
rived from  Bcnu  of  Hieropolis,  which  appears 
as  a  heron. 

In  various  periods  of  the  history  certain 
deities  appear  as  deifications  of  the  powers  of 
nature:  Ra,  the  sun,  the  ruler  of  the  world, 
having  his  sanctuary  at  Heliopolis,  was  even  in 
prehistoric  times  conceived  as  a  person;  Horns, 
the  bringcr  of  light,  is  represented  in  conflict 
with  Set.  the  god  of  darkness;  Ra-Harmaehis 
was  the  rising  sun;  Ra-Tum  the  sun  at  evening. 
Thnth  was  also  worshipped  as  the  moon  The 
number  of  mythological  beinjrs,  such  as  Nun, 
the  original  ocean,  out  of  which  Ra  proceeded, 


is  beyond  number.  Mat,  the  goddess  of  truth, 
represents  a  large  class  which  symbolircs 
abstract  notions.  Deities  are  also  portrayed  in 
pairs,  such  as  Aeb,  god  of  earth,  and  Hut,  god- 
dess of  Heaven,  Shu  and  Tcfnut,  Osiris  and 
I  sis.  In  these  pairs  is  seen  the  family  relation 
which  is  carried  out  in  numerous  ways,  not 
without  great  confusion.  Much  of  the  religion 
has  its  explanation  only  in  connection  with  the 
future  life.  When  the  soul  or  "double*  (ka) 
left  the  body,  the  latter  was  preserved  with  ex- 
treme care  and  deposited  in  a  secure  tomb,  for 
the  personal  existence  of  the  disembodied  spirit 
depended  upon  the  absolute  preservation  of  the 
mummy.  The  future  of  the  individual  was  de- 
termined by  a  judgment  which  is  represented 
as  weighing  of  the  heart  by  Horus,  who  coun- 
terbalances it  with  the  symbol  of  the  truth. 
Mat.  the  goddess  of  truth,  watches  the  opera- 
tion, and  Thoth,  scribe  of  the  gods,  registers  the 
result.  In  the  earliest  periods  specific  beliefs 
as  to  their  nature,  qualities  and  powers,  clustered 
about  the  individual  deities,  but  these  did  not 
become  a  true  mythology  till  the  amalgamation 
of  variant  views  under  the  influence  of  the 
national  union  of  the  nomoi.  The  confusion 
which  resulted  led  to  attempts  at  harmony.  But 
little  is  known  of  this  mass  of  mythology, 
which  must  have  been  very  extensive  if  one  is 
to  judge  by  the  allusions  abounding  in  every 
religious  text. 

The  ancient  Egyptian  religion  was,  there- 
fore, a  kind  of  philosophical  pantheism,  the 
various  attributes  of  the  deity  being  divided 
among  the  different  gods  of  the  Pantheon.  Un- 
like the  Greek,  where  a  god  was  honored  in  a 
separate  temple,  each  Egyptian  divinity  was 
accompanied  by  a  paut,  or  "company"  of  com- 
panion-gods. 

A  few  foreign  deities  became  at  the  close  of 
the  18th  dynasty  engrafted  upon  the  religious 
system—  as  Bar  Baal;  Ashtorata,  Ashtaroth; 
Anta,  Anaitis;  Ken,  Kiun ;  Rcshpu,  Rcscph; 
Set,  or  Sutekh,  sometimes  identified  with  Baal. 
All  the  gods  had  human  passions  and  affections, 
and  their  mode  of  action  was  material ;  they 
walked  on  earth,  or  sailed  through  ethereal 
space  in  boats.  First  among  the  deities  comes 
Ptah,  the  opener,  represented  as  the  creator  of 
the  world,  the  sun  and  moon,  out  of  chaos  (ha) 
or  matter,  to  whom  belong  Sekhet,  "the  lioness* 
and  Bast,  Bubastis.  lion-headed  goddesses  pre- 
siding over  fire,  and  Nefer-Tum,  his  son,  a  god 
wearing  a  lotus  on  his  head.  Next  in  the  cosmic 
order  is  Chnum  —  worshipped  at  Elephantine  — 
the  ram-headed  god  of  the  liquid  element,  who 
also  created  the  matter  of  which  the  gods  were 
made;  and  connected  with  him  arc  the  goddesses 
Hcka  the  Frog,  or  "primeval  formation,"  Sati, 
or  "sunbeam"  and  Anuka,  alluding  to  the  gene- 
sis of  the  cosmos.  The  Thcban  triad  comprised 
Amcn-ra,  "the  hidden*  power  of  the  "sun,"  the 
Jupiter;  Mut,  the  "Mother*  goddess  of  "Mat- 
ter* the  Juno;  Nit,  the  "Shuttle,"  the  Minerva; 
and  Khons,  "Force*  is  Hercules,  a  lunar  type. 
\  subordinate  tvpr  of  Amon  is  Khem  or 
Amsu,  "the  enshrined,"  who,  as  Harnekht, 
or  Powerful  Horus,  unites  beginning  and  end, 
or  cause  and  effect. 

A  great  variety  of  abstract  principles  and 
even  animals  and  vegetables  were,  however, 
worshipped  by  the  multitude,  though  the  doc- 
trine of  one  God  was  privately  taught  by  the 
priests  to  a  select   few.     Many  of  the  ani- 
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mals,  birds  and  reptiles  were  held  sacred  by 
the  Ancient  Egyptians;  whoever  killed  a 
sacred  animal,  an  ibis  or  a  hawk,  was  put  to 
death.  If  a  cat  died  a  natural  death  every  per- 
son in  the  house  shaved  his  eyebrows;  if  a  dog 
died,  the  whole  body  and  the  head  were  shaved. 
The  cats  were  sacred  to  the  goddess  Bust  and 
were  buried  at  Bubastis  and  the  dogs  in  the 
vaults  of  their  own  cities,  field-mice  and  hawks 
at  Buto,  the  ibis  at  Hcrmopolis  and  other  ani- 
mals where  they  were  found  lying.  Of  all 
animals  the  sacred  bull,  Apis,  was  the  most 
revered.  His  chief  temple  was  at  Memphis.  The 
cow,  being  sacred  to  Isis,  was  thrown  into  the 
Nile,  which  was  considered  sacred;  and  the  Apis 
bull  was  buried  in  the  Serapcum  near  Memphis. 

Of  the  doctrines  of  the  Egyptian  religion 
little  is  accurately  known.  The  existence  of  the 
spirit  after  death  was  believed  and  a  future 
state  of  rewards  and  punishments  inculcated, 
in  which  the  good  dwelt  with  the  gods,  while 
the  wicked  were  consigned  to  fiery  torments 
amid  perpetual  darkness.  It  was  believed  that 
after  the  lapse  of  ages  the  spirit  would  return 
to  the  body,  which  was  therefore  carefully  em- 
balmed. See  Book  of  the  Dead;  Embalming; 
Mohammedanism;  Idolatry;  Pantheism. 

Social  Organization,  Manners  and  Cus- 
toms.—  The  monuments  are  fuller  than  the 
enumeration  of  Herodotus  and  Diodorus,  who 
name  seven  and  five  classes  respectively. 
Herodotus  gives  priests,  warriors,  cowherds, 
swineherds,  tradesmen,  interpreters  and  boat- 
men: Diodorus,  priests,  warriors,  husbandmen, 
shepherds  and  artisans.  All  these  existed,  but 
the  enumeration  is  defective.  True  caste  was 
unknown.  The  population  was  divided  into 
two  great  parts  —  nobles  and  slaves  —  while 
the  middle  class  has  left  its  traces  from  the 
Middle  Empire  onward.  The  upper  class  in- 
cluded royalty  and  those  in  the  service  of  the 
state  or  religion,  a  ruling  class,  far  removed 
from  the  slave  population,  foreign  and  native. 
They  formed  the  backbone  of  the  state,  filled 
all  the  higher  offices  and  were  obeyed  by  all 
their  social  inferiors.  At  the  head  of  the  gov- 
ernment stood  Pharaoh,  "King  of  the  Upper 
and  Lower  Egypt,  son  of  Ra,  eternal.*  Ramescs 
II  is  bombastically  called  "Horus,  the  mighty 
bull,  beloved  of  the  Goddess  of  Truth,  pro- 
tector of  Egypt,  subduer  of  barbarians,  rich 
in  years,  great  in  victory,  chosen  of  Ra, 
Rameses,  beloved  of  Ra."  Similarly  the  queen 
is  called  *the  consort  of  the  God,  mother  of 
the  God,  the  great  consort  of  the  king" —  god 
and  king  being  interchangeable  terms.  She  was 
usually  of  royal  blood,  often  own  sister  of  the 
king,  his  equal  in  birth  and  place  —  "Mistress 
of  the  Housed  Crown  prince  and  princes  came 
next  in  order.  The  upper  classes  consisted  of 
•the  nearest  friend*  of  the  king  and  friends  of 
various  grades,  generals,  high  priests,  officers, 
physicians,  overseers,  district  chiefs,  judges, 
keeper  of  the  seal,  master  builders,  treasurers, 
fan-hearers,  scribes  and  others.  Officialdom 
ramified  in  numberless  class  gradations,  whether 
the  order  was  priestly,  military,  literary,  archi- 
tectural or  agricultural.  Advancement  went  by 
royal  or  other  favor.  The  middle  class  remained 
in  the  background  and  is  less  known  because  its 
members  could  not,  like  kings  and  nohles,  erect 
those  enduring  tombs  from  which  our  knowledge 
of  the  times  is  obtained.  After  the  removal  of 
the  necropolis  f  rom  Memphis  to  Abydos  during 


the  Middle  Empire  and  owing  to  the  increasing 
practice  of  erecting  memorial  stelae,  the  monu- 
ments of  untitled  persons  begin  to  appear,  giv- 
ing a  conception  of  their  number  and  position. 
They  possessed  households  similar  to  those  of 
officials  and  in  many  ways  appear  to  have  been 
their  equals.  They  were  merchants,  traders, 
artisans,  free  workmen,  weavers,  potters,  car- 
penters, joiners,  smiths,  etc.  The  lowest  class 
was  composed  of  the  slaves,  native  or  taken  in 
war,  who  were  hewers  of  wood  and  drawers  of 
water,  performing  all  menial  offices.  They  were 
mere  chattels,  belonging  to  temple,  necropolis, 
or  landed  estate  and  were  often  organized  as  a 
part  of  the  military  establishment.  Closely 
allied  to  them  were  the  shepherds,  the  pariahs 
of  Egyptian  society. 

Agriculture,  manufacture  and  trade  were 
carried  on  in  Egypt  in  the  very  earliest  days. 
Upon  the  ancient  monuments  we  find  repre- 
sentations of  the  mechanical  arts,  where  we  sec 
the  blow-pipe,  bellows,  siphons,  press,  balance, 
lever,  saw,  adze,  chisel,  forceps,  syringe,  har- 
poon, razors;  we  have  also  gtazed  pottery,  the 
potter's  wheel  and  the  kiln ;  and  dated  specimens 
of  glass  of  the  time  of  (Thothmcs  III,  1445  B.C.). 
Gold-beating,  damascening,  engraving,  casting, 
inlaying,  enameling,  wire  drawing  and  other 
processes  were  practised.  Weapons  and  other 
instruments  of  war,  shields,  cuirasses  of  quilted 
leather,  helmets,  spears,  clubs,  maces,  daggers, 
bows,  battle-axes,  pole-axes,  hatchets  and  fal- 
chions are  shown.  The  testudo,  ladders,  torches 
and  lanterns  were  also  in  use.  In  agriculture  the 
plow,  hoc,  sickle  and  other  implements  were 
employed.  The  processes  of  growing  and  pre- 
paring flax  and  making  it  into  thread,  string, 
ropes  and  cloth,  as  well  as  the  looms  em- 
ployed, are  all  depicted.  Mats  and  baskets  were 
beautifully  made,  either  of  the  half  a  grass  or 
palm  leaves,  or  of  the  outer  rind  of  the  papyrus 
plant,  which  was  used  in  making  paper.  Cof- 
fins or  wooden  sarcophagi  were  chiefly  of 
sycamore  or  cedar,  covered  with  stucco  and 
richly  painted.  The  ordinary  boats  of  the  Nile 
were  planks  of  the  acacia  and  had  two  rud- 
ders or  large  oars,  with  a  sail  of  cloth  frequently 
painted  or  worked  in  colored  patterns.  Many 
of  the  vessels  of  burden  were  of  great  size.  The 
boats  made  of  papyrus  were  mostly  punts  for 
fishing,  or  for  gliding  through  the  canals  of  the 
Delta.  Implements  for  painting  ladles,  bells, 
crucibles  and  surgical  instruments  have  also 
been  found.  The  commerce  of  the  Egyptians 
with  neighboring  nations  enriched  the  country 
with  slaves,  cattle,  gems,  metals,  rare  animals 
and  objects  of  curiosity.  The  Egyptians  ex- 
pended enormous  wealth  on  the  tombs  and  fur- 
niture of  the  dead,  and  the  paintings  acquaint 
us  fully  with  the  various  ceremonies  followed. 
In  embalming  they  excelled.  Each  administra- 
tive department  had  its  own  troop  of  laborers 
under  its  own  overseer,  who  kept  minute  tally 
of  work  performed,  rations  distributed  and  of 
absentees.  The  troop,  not  the  individual,  was 
the  unit  All  artisans  as  well  as  the  slaves 
were  regarded  superciliously  by  the  scribes  and 
held  in  lower  repute  than  the  agriculturists, 
though  the  products  of  their  skill  still  command 
admiration.     Weavers  working  with  papyrus 


reeds  or  with  linen  thread,  produced 
boats,  mats,  or  the  finest  linen  cloths;  joiners 
though  handicapped  by  lack  of  good  raw 
material,  nevertheless  produced  creditable  work 
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by  the  use  of  instruments  most  simple  in  their 
character.  Potters  through  all  periods  repro- 
duced patterns  tenaciously  and  with  little  varia- 
tion, but  atoned  for  the  rudeness  of  much  of 
their  work  by  the  fineness  of  their  products  in 
faience,  the  glazing  of  stone  objects  being  es- 
pecially noteworthy.  Metal  workers  used  gold, 
silver,  bronze,  iron  and  tin,  the  source  whence 
tin  was  derived  being  problematical.  A  bronze 
is  mentioned  which  was  an  alloy  of  six  metals. 
Objects  in  bronze  and  iron  have  been  found 
among  the  remains  of  the  Old  Empire,  though 
the  earliest  bronze  statue  is  one  of  Ramescs  II. 
The  sources  of  most  metals  were  the  mines  of 
Nubia  and  Sinai.  In  value  silver  exceeded 
gold  and  a  mixture  of  the  two  is  frequently 
mentioned.  The  processes  of  agriculture  are 
well  portrayed  on  the  walls  of  the  tombs.  The 
plow  was  simply  a  sharpened  stick  dragged 
through  the  ground  by  oxen;  the  hoe  a  broad 
blade  fastened  to  a  handle,  a  second  cord  mid- 
way of  each  preventing  too  great  a  strain.  The 
seed  once  scattered  was  trampled  in  by  ani- 
mals. Harvesting  was  done  by  a  short  sickle; 
the  grain  was  carried  in  sheaves  to  the  thresh- 
ing lloor,  where  the  hoofs  of  cattle  performed 
the  required  labor.  Winnowing  was  done  with 
shovel  and  wind  and  the  grain  was  stored  in 
conical  receptacles  open  at  the  top,  to  which 
the  bearers  mounted  on  ladders.  Supplement- 
ary irrigation  was  by  a  well  sweep  similar  to 
the  modem  shadouf.  These  labors  were  so 
essential  a  part  of  Egyptian  life  that  the  future 
life  was  portrayed  under  exactly  the  same  cir- 
cumstances, happiness  consisting  essentially  in 
the  degree  in  which  personal  performance  could 
be  avoided.  Cattle  of  all  sorts,  asses,  sheep, 
pigs  and  goats  existed  in  great  herds  and  were 
tended  by  slaves  and  peasants  whose  occupa- 
tions in  marshy  districts  so  far  removed  them 
from  civilization  that  they  were  regarded  with 
detestation.  Their  disrepute  is  the  more  re- 
markable in  view  of  the  evident  pride  with 
which    landed   proprietors   enumerated  their 

The  schools,  "bookhouse"  or  "house  of  in- 
struction* presided  over  by  a  scribe,  was  an 
institution  of  the  Old  Empire,  which  received 
all  classes  alike  and  prepared  them  for  the 
technical  education  of  the  special  bureau.  In 
the  New  Empire  both  branches  were  combined 
in  the  departmental  schools.  Orthography,  cali- 
graphy,  style  and  the  formulae  of  etiquette 
comprised  the  known  curriculum;  the  rest  was 
learned  by  practice.  Many  corrected  school 
exercises  have  survived,  containing  various 
specimens  of  literature;  tales,  religious  and 
magical  texts,  poems,  codes  of  rules,  or  "instruc- 
tion* of  ancient  sages  for  the  proper  regulation 
of  daily  life  and  statements  of  the  unlovely 
condition  of  soldiers  and  laborers  as  contrasted 
with  the  beauty  of  the  scribe's  life,  at  once 
inciting  to  industry  on  the  part  of  the  pupil  and 
to  profound  respect  for  the  teacher.  These 
papyri  arc  of  great  value  in  affording  a  knowl- 
edge of  orthography,  language  and  literature. 
The  tombs  of  the  Old  and  Middle  Empires 
represent  the  various  operations  of  large  landed 
estates  in  all  their  complexity.  Such  private 
ownership  of  the  soil,  of  large  tracts  and  even 
of  whole  villages,  seems  to  have  been  a  survival 
from  the  time  when  the  princes  of  the  nomor 
were  at  the  head  of  the  independent  districts 
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which  collectively  constituted  Egypt.  A  de- 
cided change  is  seen  in  the  New  Empire  when 
the  title  to  all  land  except  that  attached  to 
temples  was  vested  in  the  king  and  when  it 
was  worked  for  the  state  by  slaves  or  let  out 
at  an  annual  rate  per  cent.  The  change  came 
about  during  the  Hyksos  period  or  in  the 
transition  to  the  revived  native  dynasties.  The 
biblical  account  of  Joseph  is  of  interest  in  this 
connection.  The  dwellings  of  the  common  peo- 
ple probably  resembled  those  of  the  fcllahin 
of  to-day,  being  mud  hovels,  whose  destruction 
accounts  for  the  formation  of  the  tells  which 
mark  city  sites.  The  dwellings  of  nobles  and 
kings  were  more  pretentious,  but  no  remains 
have  survived.  The  only  models  by  which  to 
judge  are  some  ancient  sarchophagi  of  house- 
like form  and  some  mural  representations.  Rec- 
ord has  survived  of  a  palace  which  stood  300 
cubits  square. 

Family  Life.— The  position  occupied  by 
woman  was  quite  extraordinary.  In  the  house- 
hold there  was  generally  only  one  wife,  though 
there  might  be  several  concubines  or  female 
slaves.  Actual  polygamy  was  infrequent,  though 
the  royal  harem  often  contained  200  women. 
Private  persons  also  maintained  harems,  the 
number  of  inmates  depending  on  the  financial 
ability  of  the  individual.  Inheritance  and  geneal- 
ogy were  reckoned  by  the  mother,  not  the 
father,  and  while  a  man's  possessions  might 
descend  to  his  sons,  the  line  might  also  pass 
through  the  daughter  to  her  sons.  Sometimes 
marriages  were  contracted  upon  these  considera- 
tions. It  was  a  father's  ambition  to  hand  down 
his  official  position  to  his  sons,  and  the  title  of 
"hereditary  prince"  is  often  met  with.  The 
practice  of  marriage  with  a  sister  is  met  with 
in  early  periods,  but  under  the  Ptolemies  it  was 
quite  the  rule,  and  the  marriage  contracts  speci- 
fied the  amounts  which  the  husband  engaged  to 
give  annually  to  his  wife  for  family  purposes. 

Costume. —  There  is  a  constant  development 
observable  in  the  dress  of  the  upper  classes. 
Royalty  set  the  fashions,  and  they  were  followed 
at  intervals  by  those  standing  on  the  various 
social  levels.  There  was  a  distinction  between 
king  and  noble,  and  between  noble  and  plebeian. 
The  simple  apron  bound  about  the  loins  was 
always  the  essential  garment.  To  this  the  king 
added  a  lion's  tail,  and  the  noble  a  panther's 
skin  during  the  period  of  the  Old  Empire.  Dur- 
ing the  Middle  Empire  the  apron  took  a  pointed 
triangular  shape  and  became  longer;  next  comes 
a  double  apron,  a  short  one  beneath,  opaque, 
and  a  long  and  transparent  one  outside.  The 
priest  continued  to  wear  the  short  apron,  how- 
ever, while  the  king  had  advanced  to  a  mode  of 
dress  which  covered  the  whole  body  and  was 
complex  in  structure.  That  which  before  was 
holiday  attire  became  the  garb  of  every  day. 
The  dress  of  women  was  more  uniform.  It 
consisted  at  first  of  a  close-fitting  garment 
which  extended  from  the  breasts  to  the  ankles, 
and  was  fastened  by  straps  over  the  shoulders. 
Only  in  the  latest  periods  were  sleeved  or 
sleeveless  mantles  worn.  Transparent  cloth 
was  used  for  female  wear,  as  for  the  outer 
apron  of  males,  but  without  the  inner  garment. 
The  dress  of  peasants  consisted  simply  of  the 
apron,  which  in  some  cases  amounted  only  to 
a  hand  with  pendant  ends.  These  simple  articles 
were  made  of  papyrus  mats,  leather  or  cloth. 
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The  hair  was  worn  short,  but  the  shaving  of 
the  head  does  not  appear  to  have  been  practised 
daily.  Wigs  of  various  forms  and  sizes  were 
used  as  ceremonial  head  coverings.  Specimens 
of  them  arc  not  infrequent.  Natural  beards 
were  not  worn  except  by  shepherds  and  similar 
persons  but  an  artificial  "imperial*  beard  was 
one  of  the  marks  of  royalty  and  divinity  in  the 
tomb  representations.  Sandals  of  various  sorts 
completed  the  costume.  Egyptian  garments  of 
the  better  class  were  of  linen,  wool  being  re- 
garded as  filthy.  The  food  of  the  lower  classes 
consisted  largely  of  bread  and  vegetables.  The 
principal  vegetables  were  kidney  beans,  lentils, 
turnips,  radishes,  carrots  and  spinach.  Milk 
and  cheese  were  also  common  articles  of  food. 
Pomegranates,  dates,  figs  and  grapes  were  plen- 
tiful. The  flesh  of  the  goat.  ox.  gazelle,  ante- 
lone  and  other  animals  formed  part  of  the  diet 
of  the  middle  classes,  the  flesh  of  the  bog  was 
not  in  use,  this  animal  being  considered  unclean. 
Geese,  ducks,  turtle  doves  and  hens  were  abun- 
dant and  even  to-dav  arc  a  source  of  consider- 
able income  to  the  laboring  classes.  Salt  was 
extracted  from  the  coast  marshes  and  from 
some  deposits  in  the  Libyan  desert.  The  na- 
tioiial  beverage  was  beer,  seasoned  with  vari- 
ous plants.  The  wealthy  classes  drank  wine 
of  the  grape  and  the  common  people  the  fer- 
mented juice  of  certain  palms. 

Recreations.— The  dance  to  the  accompani- 
ment of  the  lute  was  a  popular  diversion.  Acro- 
bats and  clowns  performed  in  the  royal  and 
princely  palaces.  Checkers  and  chess  much 
in  the  form  of  our  day  were  also  popular  amuse- 
ments. As  regards  furniture  chairs  and  tables 
resembled  closclv  those  of  the  present  day 
Other  articles  appear  to  have  been  of  simple 
construction.  The  hunting  of  wild  animals  was 
by  coursing  with  dogs  and  the  use  of  lasso 
and  spear.  The  bow  and  arrow  were  seldom 
employed.  Fishing  was  with  line  or  net. 
Fowling  was  done  in  the  marshv  districts  in 
boats,  the  weapon  used  being  the  boomerang. 
Traps  and  nets  were  also  used.  Wrestling 
matches  and  gymnastic  exercises,  ball-playing 
and  juggling  arc  often  represented  in  paintings. 
Singing  and  music  were  the  accompaniment  of 
work  and  play,  and  at  feasts,  music  and  danc- 
ing, performed  by  members  of  the  harem,  en- 
livened the  scene.  The  instruments  used  were 
the  llute  and  a  sort  of  whistle,  the  guitar,  the 
harp,  the  lyre,  the  last  two  having  sometimes 
nearly  20  strings.  Assistants  beat  time  by  hand- 
clapping.  Bow  practice  was  engaged  in  and 
a  game  similar  to  quoits  is  represented,  alone 
with  other  games  which  cannot  be  understood 
in  their  details.  T-shaped  boards  divided  into 
squares  like  checker-boards  have  been  found, 
but  how  they  were  used  is  uncertain.  The 
children  were  not  forgotten,  for  the  tombs  have 
yielded  several  specimens  of  their  toys. 

Government.—  When  the  king  was  simply 
the  first  among  equals,  Upper  Egypt  was  di- 
vided into  30  administrative  departments  of  dif- 
ferent grades,  each  having  its  nomarch  or  gov- 
ernor who  stood  as  the  head  in  everything  — 
chief  judge,  district  chief,  military  commander, 
tax  collector,  architect,  treasurer,  etc.  As  judge 
he  was  also  chief  priest  of  Mai,  the  goddess  of 
truth.  So  long  as  the  king  retained  supreme 
power  this  arrangement  continued,  but  upon 
the  decay  of  royal  prestige  each  district  chief 
aspired  to  leadership.    This  probably  explains 


the  periods  of  confusion  in  the  history  indicated 
by  the  blanks  between  the  7th  and  11th  and  the 
13th  and  17th  dynasties.  A  new  order  came  in 
during  the  period  of  the  New  Empire.  The 
nomarch  surrendered  all  his  functions  to  the 
military  official  appointed  by  the  king  to  look 
after  his  interests  and  to  gather  the  taxes  in 
kind,  peaceably  or  forcibly  as  the  case  might  he. 
Royal  stewards  and  messengers,  the  "mouths" 
or  "speakers"  of  the  king  appear  as  intermedi- 
aries. Some  of  the  more  important  additional 
offices  were  those  of  chief  judge,  governor, 
building-master,  treasurer,  overseer  of  gran- 
aries, etc.  The  chief  judge  was  a  man  of  high 
standing,  a  prince  or  noble,  or  perhaps  a  priest. 
Beneath  him  were  several  grades  in  the  office. 
Several  sat  as  a  court  and  before  them  com- 
plaint was  made,  prosecution  and  defense  heard 
and  judgment  pronounced  or  referred  to  the 
king,  according  to  the  gravity  of  the  complaint. 
The  prosecutor  might  be  a  private  person  or  a 
public  official  with  whom  the  complaint  was 
lodged.  Confessions  were  forced  with  the 
bastinado.  The  severest  punishments  were  the 
loss  of  cars  and  nose,  or  death  by  impaling, 
compulsory  suicide,  or  poisoning.  Accounts  of 
trials  arc  frequent,  but  no  legal  code  has  sur- 
vived. In  the  earliest  periods  there  was  no 
standing  army.  Each  nomos  had  its  own  mili- 
tia and  each  temple  its  soldiers,  who  appear 
rather  to  have  been  police.  This  arrangement 
continued  through  the  Middle  Empire.  The 
chief  service  rendered  by  soldiers  in  these  peri- 
ods was  to  escort  expeditions  to  the  quarries 
of  Syene  and  Hammamat  and  to  the  mines  of 
Sinai  and  Nubia  They  also  rendered  service 
as  laborers.  Under  Pepi  (6th  dynasty)  a  mili- 
tary expedition  was  undertaken  against  the 
Bedouin  of  the  cast.  Ethiopian  mercenaries 
formed  the  bulk  of  this  force.  Under  Amenemha 
III  (12th  dynasty)  expeditions  to  Nubia  were 
undertaken  and  a  stele  of  the  period,  now  in 
Berlin,  records  the  wailing  which  attended  the 
visits  of  the  conscripting  officer,  the  "military 
scribe*  who  came  "to  choose  out  the  likely 
youth*  About  this  time  the  king  came  to  have 
a  body  guard  and  during  the  contest  with  the 
Hyksos  the  armies  were  increased.  Mercena- 
ries, however,  were  constantly  employed  as  con- 
scription was  little  employed.  Bowmen  formed 
the  principal  arm  of  the  mercenaries ;  the  chariot 
coming  into  use  after  the  Hyksos  wars,  was  con- 
structed to  contain  two  persons,  driver  and 
warrior.  Border  garrisons  were  maintained  to 
the  east  and  south.  The  native  weapons  were 
the  spear  and  shield,  the  axe,  lance,  dagger  and 
sling.   Naval  warfare  was  little  practised. 

Bibliography.— Bin  ion,  "Ancient  Egypt  or 
Mizraim'  (1888);  Birch,  'Egypt  from  the  Ear- 
liest Time'  (1875)  ;  Bnigsch,  'Egypt  under  the 
Pharaohs'  (1874);  Budge,  'Historv  of  Egvpt' 
(8  vols.)  ;  'The  Gods  of  the  Egyptians'  H904)  ; 
Chatnpollion,  'L'Egypte  sousles  Pharaons* 
(1814)  ;    Erman,    'Life   in    Ancient  Egypt' 

(1894)  ;  Mahaffy,  'Empire  of  the  Ptolemies* 

(1895)  ;  Renouf.  'The  Religion  of  the  Ancient 
Egyptians'  (Hihbert  Lectures  1880)  ;  Wiede- 
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EGYPTIAN  SUDAN.   See  Sudak 

EGYPTIAN  VULTURE  (Neophron  prrc- 
nopterus),  a  well-known  bird  which  frequents 
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both  shores  of  the  Mediterranean,  southern 
India  and,  during  the  winter,  South  Africa. 
It  is  the  scavenger  of  Egyptian  villages,  collect- 
ing in  numbers  where  carrion  or  garbage  is 
deposited,  but  feeding  also  on  frogs,  lizards  and 
small  mammals  found  in  cultivated  fields.  The 
birds  usually  go  in  pairs,  however,  and  addict 
themselves  to  particular  localities,  being  only 
drawn  together  in  numbers  by  abundance  of 
their  favorite  food.  The  name,  as  also  that  of 
Pharaoh's  hen,  is  given  because  of  the  frequent 
representation  of  this  bird  in  Egyptian  sculp- 
ture.  See  Vulture. 

EGYPTIANIZED  CLAY  is  the  name  in- 
vented for  the  purpose  of  describing  a  certain 
treatment  of  clay  by  which  a  clay  weak  in 
strength  and  in  plasticity  is  made  stronger  and 
more  plastic.  In  this  process  the  clay  is  treated 
with  extract  of  straw,  tannin  and  other  plant 
products.  The  treatment  reduces  the  particles 
of  clay  to  a  state  so  fine  that  they  will  pass 
through  ordinary  filter  paper,  and  will  remain 
permanently  suspended  in  water.  The  employ- 
ment of  the  extract  of  straw  to  make  the  clay 
stronger  suggested  to  Edward  G.  Acheson 
(q.v.),  the  discoverer  of  the  process,  the  name 
"Egyptianizcd  clay*  because  of  the  Biblical 
story  of  the  use  of  straw  in  the  making  of 

EGYPTOLOGY,  the  science  of  Egyptian 

antiquities.   Sec  Egypt. 

EHEBERG,  a'e-berg,  Karl  Theodor  von, 

German  political  economist:  b.  Munich  1855. 
He  received  his  education  at  the  University  of 
Munich  and  in  1882  was  appointed  professor  of 

Eolitical  economy  at  Erlangen.  He  is  best 
nown  through  his  masterly  presentation  of  the 
subject  of  finance  in  his  'Fmanzwissenschaft' 
(3d  cd..  1891;  new  cd..  1909).  He  also  wrote 
'Uehcr  das  altcre  deutsche  Munzwesen  und  die 
Hausgcnosscnschaften  besonders  in  volkswirth- 
schaftlichcr  Bezichung'  (1879),  and  'Das 
Rcichsfinanzwcscn'  (1908). 

EHLERS,  alers.  Ernst  Heinrich,  German 
zoologist:  b.  I.iineburg  183r  He  received  his 
education  at  Gottingen  and  Munich  and  in  i860 
became  professor  of  zoology  at  Erlangen.  In 
1874  he  became  professor  of  zoology  and  com- 
parative-anatomy at  the  University  of  Gottingen. 
With  A.  von  Kolliker  he  edited  the  Zcitschrift 
fur  u-isscnschafllichc  Zoologie.  He  wrote 
'Zoologische  Bcilrage.'  with  W.  Keferstcin 
(1861);  'Die  Borstcmv  firmer'  (1868);  'Hypo- 
phorclla  Exnansa'  (1876);  'Florida-Anneliden' 
(1887)  ;  <Zur  Kcnntnis  der  Pediccllinen' 
(1890);  'Magcllanischc  Anneliden  Gesammelt 
wiihrend  dor  Schwcdischcn  Expedition  nach 
der  Magellanslandern*  (1900);  'Neusecland- 
ischc  Anne1iden>  (1904). 

EHLERS,  Otto  Ehrenfried,  German  trav- 
eler: b.  Hamburg  1855;  d.  1895.  He  studied  at 
the  universities  of  Jena.  Heidelberg  and  Bonn. 
In  1887  he  went  to  East  Africa,  and  later 
traveled  through  India,  the  Andaman  and 
Nicobar  islands,  Siam,  French  Indo-China, 
Korea,  Japan,  the  Hawaiian  Islands  and  the 
United  States.  In  a  second  tour  he  again 
visited  India,  and  went  to  Samoa,  Kaiser  Wil- 
helm's  Land  and  New  Guinea.  In  an  effort  to 
traverse  the  latter  country  he  was  slain  by  his 
guides  He  wrote  'An  indUchen  Fiirstcnhofcn' 
(2  vols.,  1883;  5th  ed..  1898)  :  <Im  Sattel  durch 
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Indochina'  (1894)  ;  'Samoa,  die  Perle  der 
Siidsee'  (3d  ed.,  18%) ;  'Ira  Ostcn  Asiens' 
(4th  cd.,  1900). 

EHLERS,  Rudolf,  German  theologian:  h. 
Hamburg  1834;  d.  1908.  He  received  his  edu- 
cation at  the  universities  of  Heidelberg,  Berlin 
and  Gottingen.  For  some  time  he  was  pastor 
at  Stolberg,  near  Aachen,  and  in  1864  removed 
to  the  Protestant  Reformed  Church  at  Frank- 
fort-on-the-Main,  where  he  exercised  a  wide 
influence  as  a  theologian.  In  1878  he  was  made 
consistorial  councillor,  and  in  the  following 
year  became  one  of  the  editors  of  the  Zeitschrift 
fur  praktische  Theologie.  He  published,  among 
other  works,  < Evangelische  Prcdigtcn'  (1873); 
'Das  alte  Gesetz  und  die  neue  Zcit'  (1877); 
'Bilder  aus  dem  Leben  <ks  Apostels  Paulus' 
(1886);  'Richard  Rothc'  (1906).  and  a  philo- 
sophical work  in  Latin. 

EHNINGER,  an'ing-er,  John  Whetton, 

American  artist:  b.  New  York  1827;  d.  1889. 
He  studied  under  Couture  in  Paris  and  later 
studied  at  Dusseldorf.  He  left  a  number  of 
portraits,  and  landscapes  and  figure  subjects, 
including  'Peter  Stuyvesant'  (1850);  'Death 
and  the  Gambler' ;  'Autumn  Landscape' 
(1867);  ^Twilight  from  the  Bridge  of  Pau' 
(1878);  illustrations  for  Longfellow's  'Miles 
Standish'  (1858)  and  for  Irving's  'Dolph  Hey- 
linger'  and  'Ye  Legend  of  St.  Gwendolyn' 
(1867). 

EHRENBERG,  a'ren-berg,  Christian  Gott- 
fried, German  scientist :  b.  Delitzsch,  19  April 
1795;  d.  Berlin,  27  June  1876.  After  studying 
theology,  medicine  and  natural  history  at  Leip- 
zig and  Berlin,  he  joined  in  1820  an  expedition 
to  Palestine,  Egypt  and  Abyssinia,  returning  to 
Berlin  in  1825.  In  1829  he  accompanied  Hum- 
bolt  to  the  Ural  and  Altai  ranges  and  to  cen- 
tral Siberia.  In  1839  he  was  appointed  full 
professor  of  medicine,  at  Berlin.  His  great 
work  on  'Infusoria'  ('Die  Infusionstiercb.cn 
als  vollkommenc  Organismen1)  appeared  in 
1838,  and  was  at  once  recognized  as  the  highest 
authority  on  the  subject.  It  was  followed  in 
1854  by  his  'Microgeology.*  Ehrenberg's  work 
gave  an  enormous  impetus  to  the  study  of 
microscopic  organisms.  He  was  the  first  to 
show  that  the  phosphorescence  of  the  sea  is  due 
to  the  presence  of  hosts  of  animalcules.  Con- 
sult Lane,  <Life>  (1895). 

EHRENBREITSTEIN,  a'ren-brit'stln, 
Prussia,  town  and  fortress  on  the  right  bank  of 
the  Rhine,  opposite  Coblenz  with  which  it  is 
connected  by  a  bridge  of  boats  and  a  railroad 
bridge.  Tobacco,  flour,  leather,  soap,  hricks 
and  wine  arc  manufactured  and  there  is  a  large 
trade  in  corn,  wine  and  iron.  There  are  several 
large  fairs  held  annually.  The  fortress  is  on  a 
steep  rock,  385  feet  above  the  river.  It  has 
massive  fortifications  and  until  the  advent  of 
hcaw  siege  artillery  was  deemed  impregnable. 
In  1799  after  repeated  assaults  had  failed  and 
after  a  siege  of  14  months  the  French  succeeded 
in  capturing  it.  In  1801  they  destroyed  the 
fortifications  and  retired.  In  1826  new  fortifi- 
cations were  completed.   Pop.  5,302. 

EHRLE,  Ir1e.  Francis,  German  Catholic 
scholar:  b.  Isny,  Wurtctnberg.  17  Oct.  1845.  He 
was  educated  at  the  Jesuit  College,  Minister, 
Westphalia,  at  the  Maria-Laach  in  Freiburg, 
and  at  Ditton  Hall,  Lancashire,  having  been  ad- 
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mitted  to  the  Society  of  Jesus  in  1861.  After  sev- 
eral years  in  mission  work  he  was  transferred 
to  Rome,  where  he  devoted  himself  to  historical 
studies.  In  1890  he  became  a  member  of  the 
administrative  council  of  the  Vatican  Library, 
of  which  he  was  appointed  prefect  in  1895.  He 
retired  in  1914.  He  received  honorary  degrees, 
not  only  from  Miinstcr  (1902)  and  Louvain 
(1909),  but  from  Oxford  (1899)  and  Cam- 
bridge (1905).  His  'History  of  the  Church 
and  its  Literature  in  the  Middle  Ages'  (in  Ger- 
man) is  based  on  extensive  researches  in  the 
archives  of  Germany,  England,  Spain  and 
Italy.  It  is  on  this  work  that  his  reputation 
largely  rests;  but  he  has  further  written,  a 
Latin  history  of  the  Papal  Library  from  1200  to 
1417,  and  (with  Stevenson)  a  history  of  the 
Vatican.  He  was  placed  in  charge  of  the  Papal 
exhibit  at  the  Louisiana  Purchase  Exposition, 
Saint  Louis.  His  principal  works  are  mono- 
graphs on  the  frescoes  of  Pinturicchio  in  the 
Borgia  Chambers  at  the  Vatican  Palace  (French 
1897;  Italian  1899);  edition  of  the  more  im- 
portant manuscripts  in  the  Vatican  Library  and 
'Beitrage  zur  Geschichte  und  Reform  der 
Armenpflcge'  (1881). 

EHRLICH,  ar'liH,  Heinrich,  German 
writer  on  music:  b.  Vienna  1822,  d.  1899.  He 
studied  under  Hcnselt  and  Thalberg,  and  for  a 
time  was  court  pianist  to  George  V  of  Hanover. 
He  removed  to  Berlin  in  1862  and  taught  the 
pianoforte  at  the  Stern  Conservatory  there  in 
1864-72  and  1886-98.  He  also  wrote  musical  criti- 
cisms and  other  articles  in  the  Berliner  Tage- 
blatt,  Die  Gegenu-art  and  the  Neue  Berliner 
Musikzeitung.  He  published  'Wie  iibt  man  am 
Klavicr*  (2d  cd.,  1884;  Eng.  trans.):  'Die 
Ornamcntik  in  Sebastian  Bachs  Klavier- 
werken' ;  'Drcissig  Jahrc  Kunstlerlebens  1862- 
92'  (1893);  'Schlaglichter  und  Schlagschatten 
aus  der  Musikwclt'  (1872)  ;  'Aus  alle  Tonar- 
ten'  (1888);  'Die  Ornamcntik  in  Bccthovens 
Sonaten'  (1896);  'Musik-Aesthctik  von  Kant 
bis  auf  die  Gegcnwart>  (1881);  'Moderncs 
Musikleben'  (1895). 

EHRLICH,  Paul,  German  medical  scien- 
tist :  b.  of  Jewish  parents  at  Strehlen,  Silesia, 
14  March  1854;  d.  Homburg,  20  Aug.  1915.  He 
was  educated  at  the  universities  of  Breslau, 
Strassburg,  Freiburg  and  Leipzig.  After  gradu- 
ating in  medicine  in  1878  he  began  his  researches 
into  the  relationship  existing  between  scientific 
medicine  and  chemistry,  experimenting  on  the 
effects  of  various  chemicals  upon  living  tissue. 
He  first  chose  the  aniline  dyes,  on  account  of 
their  effects  being  visible  when  injected  into 
animals.  With  these  dyes  and  their  derivatives 
his  whole  life's  work  was  concerned  and  his 
most  brilliant  triumphs  were  gained  through 
their  employment.  By  staining  the  tubercle 
bacillus  with  dyes  he  found  that  certain  of  them 
possessed  a  peculiar  affinity  for  this  bacillus 
and  this  accorded  with  the  view  on  which  he 
based  his  whole  philosophy  —  that  of  the  spe- 
cific affinity  of  particular  chemical  substances 
for  particular  tissues,  more  especially  for  the 
organisms  which  cause  disease.  He  next  dis- 
covered a  method  of  testing  the  potency  of  the 
anti-diphtheria  serum  by  experimenting  on 
guinea-pigs,  which  made  it  possible  to  standard- 
ize the  serum  and  accurately  measure  the 
dosage.  Ehrlich  then  found  a  dye  called  "try- 
pan red*  which  cured  fatal  trypanosome  in- 
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fection  in  mice.  A  further  series  of  experi- 
ments resulted  in  his  greatest  discovery,  that 
of  salvarsan  (q.v.)  or  606,  a  specific  drug  with 
power  to  destroy  the  spirochete  pallida,  the 
specific  organism  of  syphilis.  This  epoch-mak- 
ing discovery  has  been  described  as  the  most 
potent  therapeutic  weapon  in  existence.  Ehrlich 
laid  the  foundation  of  modern  hematology  and 
also  performed  some  notable  researches  in  con- 
nection with  cancer;  he  formed  the  theory 
"that  the  growth  of  cancer  depended  on  food 
stuffs."  Almost  every  university  and  learned 
society  throughout  the  world  honored  the  great 
scientist ;  the  Nobel  Prize  was  divided  between 
him  and  Mctchnikoff  (q.v.)  in  1908;  the  number 
of  his  decorations  conferred  by  monarchs  and 
princes  was  greater  than  he  professed  to  be 
able  to  remember.  "He  opened  new  doors  to 
the  unknown  and  left  the  world  his  debtor." 

EHUD,  one  of  the  judges  of  Israel,  men- 
tioned in  Judg.  iii,  12-30;  1  Chron.  vii,  10 
and  viii,  3;  he  delivered  his  people  by  stabbing 
lo  death  their  oppressor,  Eglon,  king  of  the 
Moabitcs.  Doubt  has  been  cast  on  the  his- 
torical character  of  this  hero.  Consult  Kittcl, 
'Geschichte  des  Volkes  Israel'  (Vol.  II.  Gotha 
1909);  Moore,  'Judges'  (New  York  1895); 
Noldeke,  'Untersuchungen  zur  Kritik  des  alien 
Testaments'  (Kiel  1869);  Wcllhausen,  'Israel- 
itische  und  judische  Geschichte'  (7th  e<L,  Ber- 
lin 1914)  ;  Winckler,  'Geschichte  Israels'  (Leip- 
zig 1895). 

ETBAR,  a'e-barr  Spain,  town  in  the  prov- 
ince of  Guipuzcoa,  35  miles  south  of  Bilbao. 
Small  arms  and  metal  articles  for  decorative 
purposes  are  the  chief  manufactures.  Pop. 

EIBENSTOCK,  iTjcn-stok,  Germany,  town 
in  the  southeast  of  Saxony,  near  the  Mulde,  17 
miles  southeast  of  Zwickau,  with  important 
manufactures  of  lace.  Its  principal  edifice  is  a 
Romanesque  church  dating  from  1864.  It  is  an 
industrial  centre,  the  chici  seat  of  the  tambour 
embroidery  manufactures,  has  manufactures  of 
chemicals,  brush  handles,  leather,  beer  and 
tobacco  and  is  a  cattle  market.  The  tin  mines 
nearby  have  been  worked  for  about  eight  cen- 
turies, but  are  now  practically  worked  out.  It 
is  connected  by  rail  with  Chemnitz,  about  40 
miles  distant.   Pop.  9,528. 

EICHELBERGER,  i-Hel-berg-er,  William 
Snyder,  American  astronomer:  b.  Baltimore, 
Md.,  18  Sept.  1865.  He  was  graduated  at  the 
University  of  Johns  Hopkins  in  1886;  was  assist- 
ant in  the  Nautical  Almanac  office  in  1889-90 
and  1896-98,  and  from  1890-1896  served  as  in- 
structor in  mathematics  and  astronomy  at  Wes- 
lcyan  University,  Connecticut.  Since  1900  he  has 
been  professor  of  mathematics  in  the  United 
States  navy.  He  was  head  of  the  division  of 
meridian  instrument  in  1902-07,  and  of  astro- 
nomical observations  in  1907-08  at  the  United 
States  Naval  Observatory.  In  1910  he  became 
director  of  the  Nautical  Almanac.  He  has  at 
various  times  been  in  charge  of  eclipse  stations, 
notably  at  Fort  de  Kock,  Sumatra,  in  1901  and 
Daroca,  Spain,  in  1905.  He  is  a  Fellow  or  mem- 
ber of  several  astronomical  societies  and  has 
contributed  papers  to  government  publications 
and  to  the  Astronomical  Journal. 

EICHENDORFF,  fHen-dorf,  Joseph 
Baron  von.  German  poet :  b.  Castle  of  Lubo- 
witz,  Silesia,  10  March  1788;  d.  Neisse,  26  Nov. 
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1857.  He  served  in  the  War  of  Liberation, 
1813-15,  and  held  a  position  (1831-45)  in  the 
Prussian  Ministry  of  Education.  He  was  one  of 
the  most  gifted  and  original  romantic  lyrists  of 
Germany.  His  principal  works  arc  'Presage 
and  Presence';  'War  to  the  Philistines,'  a 
dramatic  story;  'The  Life  of  a  Good-for- 
Nothing,'  idealizing  vagabondage;  the  tragedies 
♦Ezzelin  von  Romano,*  'The  Last  Hero  of  Ma- 
rienburg'  ■  and  other  plays,  and  a  number  of 
histories  of  German  literature,  including  "The 
Ethical  and  Religious  Meaning  of  the  New  Ro- 
mantic Poetry  in  Germany'  (1847);  'German 
Romance  of  the  Eighteenth  Century  in  Relation 
to  Christianity'   (1851);  'History  of  German 

EICHHORN,  in'horn,  Johann  Gottfried 

German  theologian  and  Orientalist :  b.  Dorren- 
zimmcrn,  16  Oct.  1752;  d.  Gdttingen,  25  June 
1827.  In  1775  he  became  professor  of  Oriental 
languages  at  Jena,  and  in  1/88  at  Gottingen.  He 
is  considered  the  founder  of  scientific  criti- 
cism of  the  literary  and  historical  aspects  of  the 
biblical  Scriptures.  He  edited  a  'Repertory  of 
Biblical  and  Oriental  Literature*  (1777-86); 
'Universal  Library  of  Biblical  Literature' 
(1787-1803);  and  wrote  'Historico-Critical 
Introductions'  to  the  Old  and  to  the  New  Testa- 
ment, and  to  the  Apocryphal  Books  of  the  Old 
Testament;  a  'Latin  Commentary  oti  the  Apoc- 
alypse ' 

EICHHORST,  iH'horst,  Hermann  Lud- 
wig,  German  physician:  b.  Konigsberg  1849. 
He  received  his  education  at  the  university  of 
his  native  city  and  in  1877  became  director  of 
the  Medical  Polyclinical  Institute  at  Gdttingen, 
Seven  years  later  he  was  appointed  to  the  chair 
of  pathology  and  therapy  at  the  University  of 
Zurich.  He  has  published  many  important 
works,  including  'Lehrbuch  der  physikalischen 
Untersuchungsmethoden  innerer  Krankheitcn' 
(3d  ed.,  1889);  'Handbuch  der  speziellcn  Pa- 
thologic und  Therapie'  (5th  ed.,  1895-96)  ; 
'Handbuch  der  speziellen  Pathologic  und  Ther- 
apie innerer  Krankheitcn'  (1904)  ;  'Hygiene  des 
Herzens  und  der  Blutgcfassc  im  Gcsunden  und 
Kranken  Zustande'  (1906);  'Pathologic  und 
Therapie  der  Ncrvcnkrankhcitcn'  (190/). 

EICHLER,  iH'ler,  August  Wilhelm,  Ger- 
man botanist:  b.  Neukirchen  1839;  d.  1887. 
He  was  educated  at  the  University  of  Marburg 
and  in  1871  was  appointed  professor  of  botany 
and  director  of  the  Botanical  Garden  at  Graz. 
Two  years  later  he  became  professor  of  botany 
at  Kiel  and  in  1878  was  appointed  to  a  similar 
chair  at  the  University  of  Berlin.  He  wrote 
extensively  on  the  Conifcra-,  Cycadacere  and 
other  plant  groups  of  Brazil.  His^  principal 
work  is  'Blutcndiagramnie '  (1875-78),  a  de- 
scription of  the  comparative  study  of  flowers. 
Other  important  works  are  'Syllabus  der  Yor- 
lesungcn  ubcr  spezicllc  und  Mcdizintsch-phar- 
mazeutische  Botanik'  (1SX3>;  'Bcitragc  zur 
Morphologie  und  Systcmatik  der  Marantacccn' 
(1884);  'Zur  Entwickclungsgcschichte  der 
Palmenblattcr>  (1885). 

EICHRODT.  Tn'rot,  Ludwig,  German 
poet:  b.  Durlach,  Baden,  2  Feb.  1827;  d.  I.ahr,  2 
Feb.  1892.  He  studied  at  Heidelberg  and  Frei- 
burg and  published  in  1848  in  h'lieqendc  Blatter 
his  comic  songs,  'Wanderlust.'  which  had  great 
popularity.    Among  his  works  are  'Gedichte  in 


allcrlei  Humoren'  (1853);  'Leben  und  Licbc' 
(1856);  'Hortus  Deliciarum'  (1875);  <Gold> 
(1880).  His  collected  works  were  published 
in  1890  at  Stuttgart. 

EICHSTATT,  tH'stet',  or  EICHSTADT, 

Middle  Franconia,  Bavaria,  an  old  town  in  a 
deep  valley  of  the  Altmuhl,  67  miles  north- 
northwest  of  Munich.  Its  principal  edifice  is 
a  fine  Gothic  cathedral,  founded  in  1259.  It  has 
a  number  of  very  interesting  monuments  in 
marble  and  bronze  and  here  also  is  the  tomb 
of  Saint  Wilibald.  Saint  Walpurgis'  Church 
is  renowned  as  a  place  of  pilgrimage,  great 
numbers  congregating  there  annually  on  1  May. 
Other  noteworthy  features  are  the  town-hall, 
the  ancient  episcopal  palace,  now  converted  into 
barracks,  the  episcopal  lyceum,  seminary  and 
municipal  theatre.  It  has  manufactures  of 
shoes,  matches,  lithographic  stone,  etc.  It  is 
said  that  the  city  grew  up  about  a  military  sta- 
tion of  the  Romans.  In  908  it  was  chartered 
as  a  city.  It  suffered  greatly  in  the  many  wars 
of  the  18th  and  19th  centuries,  being  burned 
repeatedly  by  the  French.  The  episcopal  see 
was  secularized  in  1802  and  added  to  the  diocese 
of  Bavaria  but  was  re-established  in  1817. 

EIDER,  i'der,  a  river  of  Prussia,  in  Schlcs- 
wig-Holstein,  which  rises  about  12  miles  from 
Kiel,  flows  generally  northwest,  and  after  a 
course  of  112  miles,  of  which  69  are  navigable, 
empties  into  the  North  Sea  at  Tonning,  where 
it  forms  a  bay.  It  is  connected  with  Kiel  by 
the  Schleswig-Holstcin  Canal. 

EIDER  DUCK,  a  bird  of  the  sub- family 
Fuhguhtuc,  or  sea  ducks,  genus  Somaleria,  dis- 
tinguished by  the  peculiar  form  and  feathering 
of  the  hill,  and  closely  allied  to  the  scoter  ducks. 
The  several  species  arc  confined  to  the  northern 
regions.  The  American  eider  (S.  drcsscri)  and 
the  European  eider  (.S".  moltissima)  arc  closely 
similar  species  which  breed  on  solitary  rocky 
shores  and  islands  from  Maine  and  the  Faroe 
Islands,  respectively,  northward,  the  former  spe- 
cies wintering  as  far  south  as  the  Delaware 
River.  They  are  most  abundant  in  Labrador, 
Newfoundland,  Greenland,  Iceland  and  Nor- 
way, where  they  are  stringently  protected  by 
law.  Both  species  breed  gregariously  and  in 
particular  spots  their  nests  arc  so  abundant  that 
a  person  can  scarcely  walk  without  treading  on 
them.  Their  nests  are  usually  formed  of  grass, 
dry'  sea-weed,  etc.,  lined  with  a  quantity  of  down 
which  the  female  plucks  from  her  own  breast 
In  this  soft  bed  she  lays  five  eggs,  which  she 
covers  over  with  a  layer  of  down ;  then  the 
natives,  who  watch  her  operations,  take  away 
both  the  eggs  and  the  down,  and  this  removal  is 
repeated  as  often  as  she  lays  until  the  close  of 
the  season,  when  the  last  lot  of  eggs  is  allowed 
to  hatch  and  the  down  removed  from  the  nest 
only  after  the  young  have  left.  The  drake  does 
not,  as  is  often  stated,  furnish  any  of  the  down. 
One  female  generally  furnishes  a  tew  ounces  of 
down.  This  down,  from  its  superior  warmth, 
lightness  and  elasticity,  is  preferred  by  the 
luxurious  to  every  other  article  for  beds  and 
coverlets;  and,  from  the  great  demand  for  it, 
those  districts  in  Norway,  Greenland  and 
Iceland  where  these  birds  abound  are  regarded 
as  the  most  valuable  property  and  are  guarded 
with  the  greatest  vigilance.  Proprietors  en- 
deavor to  attract  them  by  supplying  artificial 
nests  and  otherwise,  and  when  they  settle  in 
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an  island  off  shore,  cattle  and  herdsmen  are 
removed  to  allow  them  to  breed  undisturbed. 
The  down  from  dead  birds  is  little  valued,  hav- 
ing lost  its  elasticity. 

The  length  of  the  eider  duck  is  about  two 
feet  three  inches,  extent  of  the  wings  three  feet, 
weight  from  six  to  seven  pounds ;  the  head  is 
large  and  the  bill  of  singular  structure,  being 
three  inches  in  length,  forked  at  the  base  of  the 
upper  mandible  in  a  remarkable  manner,  run- 
ning high  up  on  the  forehead,  and  having  the 
feathers  on  each  side  descending  nearly  to  the 
nostrils;  the  whole  of  the  bill  is  of  a  dull,  yel- 
lowish horn  color,  somewhat  dusky  in  the  mid- 
dle. The  male  is  black  beneath,  head  and  back 
white,  with  a  black  crown.  The  female  is  red- 
dish drab,  spotted  with  black,  with  two  white 
bands  across  the  wings.  Eiders  associate  in 
flocks,  diving  to  great  depths  for  shell-fish, 
which  constitute  their  principal  food.  They 
live  much  on  the  water,  retiring  to  the  shores 
to  rest,  particularly  on  the  appearance  of  an 
approaching  storm.  Their  flesh  is  eaten,  but 
tastes  strongly  of  fish.  The  eggs,  however,  arc 
esteemed.  These  and  the  down  are  both  fre- 
quently obtained  at  the  hazard  of  life  by  people 
let  down  by  ropes  from  craggy  steeps. 

Other  species  are  the  Pacific  eider  (S. 
v-nigra),  and  the  remarkable  king  cider  (S. 
spectobilis)  of  high  Arctic  regions.  The  now 
extinct  Labrador  duck  (q.v.)  is  closely  related. 

KIFEL,  rfcl.  The,  a  barren  and  bleak 
plateau  of  Rhenish  Prussia,  between  the  Rhine, 
Moselle  and  Roer  rivers,  showing  extensive 
traces  of  volcanic  action.  Its  surface  is  diver- 
sified by  crater-like  depressions  and  volcanic 
peaks  and  ridges.  It  is  40  miles  long  and  20 
wide,  averaging  from  1,500  to  2,000  feet  in 
height. 

EIFFEL,  a-fel  or  i'f el,  Alexandre  Gus- 
tave,  French  engineer:  b.  Dijon,  15  Dec.  1832. 
He  was  educated  at  Dijon  and  Sainte-Barbc, 
and  at  the  Central  School  of  Arts  and  Manu- 
facture. In  1858  he  was  entrusted  with  the  con- 
struction of  the  large  iron  bridge  over  the 
Garonne  at  Bordeaux,  and  was  one  of  the  first 
to  introduce  caissons  worked  with  compressed 
air.  The  bridge  over  the  Douro  at  Oporto,  the 
great  viaduct  of  Garabit,  in  Cantal,  and  that 
over  the  Tardes,  near  Montlucon,  and  the  gi- 
gantic locks  designed  and  partly  prepared  for 
the  Panama  Canal  arc  among  later  triumphs  of 
his  engineering  skill;  while  in  the  huge  frame- 
work erected  for  Bartholdi's  'Statue  of  Lib- 
erty* may  be  seen  the  germ  of  the  idea  which 
afterward  assumed  the  form  of  the  colossal 
iron  structure  (1887-89)  on  the  Champs-de-Mars 
in  Paris,  with  which  his  name  is  identified.  He 
also  constructed  the  Aerodynamic  Laboratory 
at  Auteuil.  He  is  a  member  of  the  Legion  of 
Honor  and  has  received  decorations  from 
Russia,  Austria,  Portugal  and  Spain.  See 
Eiffel  Tower. 

EIFFEL  TOWER.  A  notable  structure 
in  Paris.  The  plans  for  the  exposition  of  1889 
included  a  monstrous  iron  tower,  to  be  ra»*ed  on 
the  Champs-de-Mars,  1,000  feet  high.  The  de- 
signer, Gustave  Eiffel,  constructed  it  of  iron  lat- 
tice-work, with  three  elevators  giving  access  to 
the  summit.  The  uses  of  so  stupendous  an 
undertaking  are  many,  and  it  became  one  of  the 
chief  permanent  ornaments  of  the  city.  Its  im- 
portance from  a  meteorological  point  of  view 
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cannot  be  overestimated,  the  tower  enabling 
meteorologists  to  study  the  decrease  of  temper- 
ature at  different  heights,  to  observe  the  varia- 
tions of  winds,  and  to  find  out  the  quantity  of 
rain  that  falls  at  different  heights,  and  the  den- 
sity of  the  clouds. 

EIGENMANN,  i'gen-man,  Carl  H.,  Ameri- 
can zoologist :  b.  Flchingen,  Germany,  1863. 
He  was  graduated  at  Indiana  University  in 
1886  and  studied  at  Harvard  1887-88.  Between 
1888  and  1892  he  continued  his  scientific  inves- 
tigations in  San  Diego  Biological  Laboratory, 
the  Woods  Hole  Marine  Stations,  and  in  the 
explorations  undertaken  for  the  British  Mu- 
seum in  California,  Oregon,  Idaho,  Montana, 
Dakota  and  western  Canada.  He  was  ap- 
pointed professor  of  zoology  in  Indiana  Univer- 
sity in  1891  and  in  1895  founded  and  assumed 
the  direction  of  the  Biological  Station  of  Indi- 
ana University.  He  made  scientific  explora- 
tions in  Cuba  in  1902-04  and  in  British  Guiana 
in  1908.  He  has  contributed  more  than  100 
papers  to  the  proceedings  of  scientific  societies 
and  to  scientific  journals,  including  'Catalogue 
of  Fresh- Water  Fishes  of  Central  America 
and  Southern  Mexico'  (1893);  'Cave  Verte- 
brates of  America*  (1909);  "Egg  and  Develop- 
ment of  Conger  Eel'  (1901);  'Fresh- Water 
Fishes  of  Western  Cuba*  (1903);  'Fresh- 
Water  Fishes  of  British  Guiana*  (1911). 

EIGG.   See  Egg. 

EIGHT-HOUR  DAY.  In  the  struggle  for 
the  shortest  hours  of  labor  compatible  with  the 
highest  efficiency,  begun  in  Great  Britain  early 
in  the  19th  century,  the  first  great  landmark 
was  the  Ten  Hours'  Bill  of  1847,  enforcing  in 
all  trades  what  had  come  about  in  many.  But 
the  golden  ideal  since  1824  (announced  as  such 
by  Robert  Owen  in  1817)  has  been  eight  hours; 
possibly  in  remembrance  that  such  was  the  rule 
in  mediarval  England ;  partly  perhaps  from  the 
tempting  threefold  division  of  the  day  into 
equal  parts,  as  in  the  rhyme  'Eight  hours  for 
work,  eight  hours  for  play,  eight  hours  for 
sleep,  eight  'bob*  a  day."  The  eight-hour 
movement  began  in  Australia  in  1856;  by  1877 
the  short  day  was  established  for  women  work- 
ers in  factories,  for  miners  working  under- 
ground and  for  public  service  employees.  The 
movement  on  the  Continent  dates  from  the 
foundation  of  the  "International*  in  1864,  and 
as  a  world-demand  of  the  social  reformers, 
from  the  Paris  Trades-Union  Congress  of 
1883.  In  1916  Ecuador  enacted  an  eight-hour 
law,  of  universal  application,  with  exemption 
from  labor  on  Sundays  and  legal  holidays.  Ex- 
tra work  is  to  be  paid  25  per  cent  overtime,  50 
per  cent  for  overtime  from  six  in  the  evening 
to  midnight,  and  100  per  cent  after  that  hour. 
In  the  United  States,  till  recently,  the  subject 
was  left  to  the  States  and  to  private  contests, 
the  government  aiding  by  making  short  hours  in 
its  own  works.  In  1840  President  Van  Buren 
reduced  the  working  day  in  the  government 
navy  yards  to  10  hours.  The  first  State  10- 
hour  law,  for  textile  workers  only,  was  of  1849, 
in  Pennsylvania.  The  first  Massachusetts  law 
was  in  1874,  and  was  due  largely  to  the 
"Knights  of  Saint  Crispin. »  But  the  eight-hour 
movement  had  long  before  become  general: 
in  1866  the  demand  was  formulated  at  a  gen- 
eral workingmen's  congress  at  Baltimore,  and 
at  other  meetings;  and  the  National  Labor 
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Union  was  organized  to  secure  an  eight-hour 
day.  A  six  weeks'  strike  in  New  England  and 
New  York,  April-May  1866,  attempted  to  secure 
it,  but  failed.  In  1867  Connecticut  and  Illinois 
passed  laws  making  eight  hours  a  legal  day 
"unless  otherwise  agreed."  Pennsylvania  fol- 
lowed in  1868  and  New  York  in  1870.  On  24 
Tune  1869  the  United  States  enacted  an  eight- 
hour  day  for  its  establishment;  but  the  mana- 
gers reduced  wages  correspondingly,  allowing 
those  who  wished  to  work  10  hours  at  the  old 
wages,  which  aroused  such  wrath  that  the  Pres- 
ident revoked  the  order.  All  these  laws  were 
rendered  nugatory  by  the  contracting-out 
clauses.  In  1872  eight-hour  leagues  were 
formed  in  various  places,  and  in  Connecticut 
and  New  York  a  mass  of  strikes  among  the 
wood-working  trades  won  this  goal  for  a  while; 
but  the  great  depression  from  1873  on  pre- 
vented pressing  such  questions.  Since  1880 
nearly  all  the  States  have  enacted  eight-hour 
laws,  subject  to  conditions,  usually  restricted 
to  work  for  the  State,  county  or  municipality. 
The  first  great  concerted  effort  for  eight  hours 
was  in  1886.  when  200,000  workmen  went  on 
strike ;  it  was  at  an  eight-hour  meeting  in  Hay- 
market  Square,  Chicago,  that  the  anarchist 
bomb  was  thrown.  A  general  strike  was  an- 
nounced for  this  object  in  1890,  but  was  only 
partially  successful;  several  hundred  thousand 
workmen  struck,  and  many  employers  yielded, 
but  soon  advanced  the  hours.  The  first  really 
efficient  national  law  was  of  1  Ang.  1892,  en- 
forcing eight  hours  upon  all  laborers,  mechan- 
ics or  contractors  in  the  District  of  Columbia 
on  public  works,  under  pain  of  fine  and  im- 
prisonment. 

Unquestionably  the  shorter  workday  move- 
ment, which  began  in  Great  Britain  about  the 
same  time  as  in  America,  had  its  inception  in 
the  desire  to  protect  women  and  children  from 
being  overworked.  Soon  the  labor  unions  rec- 
ognized that  it  was  better  to  ask  for  shorter 
hours  than  for  higher  wages,  and  so  in  various 
industries  there  has  been  a  steady  persistent 
effort  for  an  eight-hour  day.  at  the  same  wages 
paid  for  9  or  10  hours.  Widespread  strikes 
in  the  building  trades,  the  printing  industry, 
etc.,  were  won  by  the  employees,  and  the  num- 
bers in  the  unions  steadily  increased.  By  1912 
it  was  popularly  understood,  both  in  Great 
Britain  and  America,  that  eight  hours  was  a 
fair  day's  work,  and  liberal  employers  granted 
it  very  generally  without  pressure.  However, 
some  large  industries  continued  to  work  10 
hours,  notably  the  railways  and  common  car- 
riers. 

In  1916  the  various  unions  of  railway  work- 
ers, affiliated  through  the  American  Federation 
of  Labor,  made  a  concerted  demand  for  eight 
hours  at  the  same  wages  that  were  being  paid 
for  10  hours,  and  threatened  a  general  strike 
and  tie-up  of  the  railwavs  of  the  entire  United 
States  unless  their  demands  were  acceded  to. 
After  some  months  of  discussion,  and  endeavor 
to  obtain  settlement  by  arbitration,  no  agree- 
ment was  reached,  and  President  Wilson  held 
conferences  with  leaders  on  both  sides.  He 
finally  succeeded  in  getting  a  promise  from  the 
unions  that  the  strike  would  be  declared  off  if 
Congress  passed  a  law  providing  for  an  eight- 
hour  day.  and  n  b'11  wa<  hnstilv  prepared  and 
rushed  through  l>oth  houses  with  very  little 
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discussion,  being  passed  by  the  Democrats,  by 
a  nearly  strictly  party  vote.  It  was  signed  3 
Sept.  1916  by  the  President,  but  its  constitu- 
tionality was  promptly  challenged  by  the  rail- 
way interests.  The  law  provides:  (1)  An 
eight-hour  day  from  1  Jan.  1917,  by  common 
carriers  and  railways,  excepting  street  railways, 
short  independent  railways  and  interurban  rail- 
ways ;  (2)  a  commission  of  three  to  be  ap- 
pointed to  study  conditions  and  report  to  the 
President;  (3)  that,  pending  the  report  of  the 
commission,  it  shall  be  unlawful  for  the  rail- 
ways to  reduce  wages  because  of  the  shortened 
hours,  in  other  words,  they  shall  pay  the  10- 
hour  price  for  the  eight-hour  day;  (3)  a  fine 
of  $100  to  $1,000  or  imprisonment  not  to  exceed 
a  year  or  both  are  the  penalties  provided  for 
violation.   Sec  Labor  Legislation. 

EIGHT-HOUR  LAW,  an  act  adopted  in 
1868  by  the  United  States  Congress,  providing 
that  in  all  government  employment  eight  hours 
shall  constitute  a  day's  work.  It  originated  in 
the  agitation  which  had  begun  in  England  in 
1833  by  the  proposition  of  eight  hours  as  a  legiti- 
mate working  day.  The  agitation  spread  itself 
among  the  industrial  classes  throughout  the 
civilized  world,  and  first  bore  fruit  in  Australia 
in  1856,  where  it  was  adopted  by  several  trades. 
The  National  Labor  Union  of  the  United 
States  demanded  it  in  1866.  and  it  came  into 
effect  in  the  government  navy  yards  in  1869,  and 
shortly  afterward  in  all  departments  of  govern- 
ment work.  Its  universal  adoption,  however,  is 
still  unrealized,  and  it  is  the  source  of  persistent 
agitation  among  the  labor  organizations  and 
parties  throughout  the  United  States,  the  Brit- 
ish Empire  and  on  the  continent  of  Europe. 
Consult  Rae.  'Eight  Hours  for  Work'  (1894). 
See  Eight- Hour  Day. 

EIGHTEENTH  CENTURY,  The.  Car- 
lyle  made  the  18th  century  for  readers  who 
accepted  his  ideas,  and  they  were  legion,  a 
period  of  extreme  decadence  and  even  deg- 
radation of  interest  in  all  that  was  best  for 
humanity.  He  called  it  "the  age  of  prose,  of 
lying  sham,  the  fraudulent  bankrupt  century, 
the  reign  of  Beelzebub,  the  peculiar  era  of 
Cant."  Frederic  Harrison  came  in  defense  of 
the  period  with  the  suggestion  that  "invectives 
against  a  century  are  more  unprofitable  than 
indictments  against  a  nation,"  and  pointed  out 
that  almost  all  of  Carlylc's  heroes  of  the  modern 
times  apart  from  Oliver  Cromwell  are  "chil- 
dren and  representatives  of  that  unspeakable 
epoch*  from  Frederick  of  Prussia,  Mirabeau, 
Danton  and  George  Washington  to  Samuel 
lohnson,  Burns,  Watt,  Arkwright  and  others. 
The  century  was  so  low  in  its  interest  in  ar- 
chitecture that  it  is  not  surprising  that  Ruskin 
thundered  against  it  that  "Satan  must  have  had 
a  hand  in  the  designing  of  the  churches  of  the 
Georgian  era,'  and  there  is  no  doubt  that  its 
art  and  education  were  far  below  the  standards 
of  preceding  centuries,  hut  on  the  other  hand 
it  is  the  greatest  of  musical  centuries,  the 
pioneer  in  physical  science  development,  and 
its  sad  history  of  utter  neglect  for  the  poor  is 
redeemed  to  a  great  extent  bv  the  upward 
movements  which  made  themselves  felt  very 
widely  at  the  end  of  the  century  in  politics, 
economics  and  social  welfare,  especially  as  re- 
gards the  insnne.  prisoners  and  the  defectives. 

The  last  25  years  brought  about  more  social 
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changes  than  any  other  corresponding  period 
in  human  history.  Perhaps  the  reason  for  this 
was,  as  has  often  been  suggested,  that  about  the 
middle  of  the  18th  century  a  great  many  of  the 
highest  and  best  human  interests,  especially 
those  concerning  fellow-men  who  needed  sym- 
pathy and  aid,  were  lower  than  they  had  ever 
been  before.  Humanity  had  reached  a  nadir  in 
social  life  from  which  there  had  to  be  an 
ascent  and  fortunately  the  reaction  against  the 
lamentable  conditions  which  existed  was  strong 
enough  to  set  up  a  humanitarian  countermove- 
ment  toward  the  end  of  the  century  which  made 
itself  felt  during  the  course  of  the  19th  cen- 
tury and  has  not  been  lost  even  yet.  This 
makes  the  18th  century  a  pivotal  period  in 
modern  history  and  therefore  of  ever  so  much 
more  interest  than  many  another  century  that 
represents  greater  immediate  achievements. 

What  is  particularly  notable  in  the  history 
of  the  18th  century  is  its  wars  in  almost  un- 
broken succession  dictated  by  royal  ambition 
or  for  dynastic  reasons,  while  during  much  of 
the  time  king's  mistresses  or  licentious  women 
monarch*  ruled  the  internal  affairs  of  king- 
doms. The  war  of  the  Spanish  succession 
(1701-14)  began  with  the  century.  The  same 
first  year  of  the  new  century  saw  the  active 
carrying  on  of  what  was  called  the  Northern 
War.  lasting  from  1700  to  1721.  In  1718  war 
iiroke  out  between  Spain  and  Austria,  in  the 
midst  of  which  there  was  a  formal  declaration 
of  war  by  England  against  Spain,  and  peace 
was  not  made  until  1720.  In  the  meantime  the 
rebellion  in  favor  of  the  Pretender,  as  he  was 
called,  the  heir  of  the  Stuarts  who  assumed  the 
name  of  James  III,  came  in  Scotland  in  1715 
and  was  not  suppressed  until  the  following 
year.  The  Treaty  of  Utrecht  (1714).  which 
concluded  the  War  of  the  Spanish  Succession, 
changed  the  map  of  Europe  as  no  previous 
treaty,  not  even  that  of  Westphalia  at  the  end  of 
the  Thirty  Years  War  (1648),  had  done,  but 
instead  of  settling  the  politics  of  Europe  es- 
tablished a  number  of  foci  of  irritation  emi- 
nently calculated  to  unsettle  them.  Naples  and 
Milan  were  given  to  Austria  and  the  Austrian 
rule  in  Italy  thus  begun  was  to  continue  for  a 
century  and  a  half,  always  the  subject  of  serious 
disturbance  from  within  and  without  Austria 
received  the  Spanish  Netherlands,  now  to  be 
called  the  Austrian  Netherlands  and  to  be  a 
similar  focus  of  disturbance.  The  Bourbon 
Philip  V  was  allowed  to  rule  in  Spain  on  condi- 
tion that  the  French  and  Spanish  possessions 
should  never  be  under  the  rule  of  a  single  in- 
dividual. Great  Britain  received  Nova  Scotia 
and  Newfoundland  and  the  Hudson  Bay  region, 
thus  preluding  the  expulsion  of  French  from 
North  America,  and  Gibraltar  which  brought 
with  it  the  command  of  the  Straits  but  has  been 
a  frequent  subject  of  political  irritation  ever 
since.  These  wars  of  the  first  quarter  of  the 
century  were  only  typical  of  the  period.  There 
was  scarcely  a  year  during  the  century  when 
two  important  European  powers  were  not  at 
war;  there  were  long  series  of  years  when  a 
number  of  the  states  were  embroiled  with  each 
other.  The  War  of  the  Spanish  Succession  had 
its  counterpart  in  what  is  known  as  the  War 
of  the  Polish  Succession  (1733),  between 
Austria,  Russia  and  Denmark,  with  France, 
Spain  and  Sardinia  becoming  involved.  When 
the  Emperor  Charles  VI  of  Austria  died  (1740), 


he  left  no  sons,  but  had  negotiated  a  treaty, 
the  Pragmatic  Sanction  (1731),  to  secure  the 
succession  of  his  daughter  Maria  Theresa. 
The  very  year  of  his  death  saw  the  War  of  the 
Austrian  Succession.  In  1739  England  and 
Spain  were  at  war  and  in  1745  Charles  Edward 
Stuart,  the  Young  Pretender  as  he  was  called, 
encouraged  by  France,  led  an  insurrection  of 
the  Highlanders.  This  was  terminated  by  the 
bloody  battle  of  Culloden  under  "the  butcher* 
Cumberland.  In  1748  the  peace  of  Aix-la- 
Chapelle  was  signed  and  the  various  countries 
of  Europe  made  mutual  restitution  of  their 
conquests  so  as  to  assure  future  peace,  only 
Spain  and  Prussia  being  the  gainers.  It  was 
to  no  purpose,  for  France  and  England  became 
embroiled  in  war  in  the  early  fifties;  in  1756 
came  the  Seven  Years  War  involving  mos.t  of 
the  important  countries  of  Europe;  in  1775  the 
American  Revolution  broke  out,  Spain  and 
France  becoming  involved  in  it  before  the  end, 
and  in  1792  the  French  Revolutionary  wars 
began  and  for  more  than  20  years  France  was 
practically  always  at  war,  and  over  and  over 
again  the  various  nations  of  Europe  were  drawn 
into  the  Napoleonic  wars.  This  by  no  means 
tells  the  tale  of  all  the  wars  of  the  century,  but 
at  least  it  will  serve  to  give  an  idea  of  the  ever- 
recurring  vain  recourse  to  arms. 

The  monarchs  of  the  century  whose  names 
are  best  known  are  the  Georges  I,  II,  III,  in 
England  and  Louis  XV  in  France.  The  Eng- 
lish were  ruled  for  nearly  100  years  by  kings 
who  could  not  speak  their  language,  or  but 
as  a  foreign  tongue,  and  whose  interests  were 
much  more  in  their  German  Hanoverian 
dominions  and  mistresses  than  their  English 
people.  Perhaps  the  political  conditions  of  the 
time  are  best  illustrated  by  the  fact  that  their 
rule  caused  comparatively  little  disaffection  in 
England  itself,  though  fortunately  it  provoked 
the  American  Revolution,  which  brought  in- 
dependence to  the  United  States.  Louis  XV, 
succeeding  to  the  magnificent  dominions  created 
by  the  genius  of  Louis  XIV,  whose  personality 
subjugated  the  French  people  and  set  an  un- 
fortunate example  for  other  European  mon- 
archs, proved  utterly  unworthy  of  his  great 
position  and  allowed  himself  to  be  ruled  by 
designing  mistresses.  His  reign  increased  the 
debt  and  the  taxes  of  the  French  nation  until 
Louis  XVI  fell  heir  to  an  impossible  situation. 
In  spite  of  Louis  XV's  weakness,  France  at  the 
end  of  his  reign  (1774)  had  even  more  ter- 
ritory than  at  the  death  of  his  grandfather, 
Louis  XIV  (1715).  Social  conditions  had  how- 
ever sunk  to  a  level  almost  indescribable  and 
the  reaction  against  them  was  inevitable  and 
could  not  be  long  delayed. 

Certain  great  political  changes  which  took 
place  in  the  18th  century  had  far-reaching 
effects  on  subsequent  generations,  some  of  which 
are  only  working  out  to  legitimate  conclusions 
in  our  own  time.  Apart  from  the  creation  of 
the  American  Republic,  itself  of  greatest  signi- 
ficance for  the  course  of  civilization,  the  three 
most  important  political  changes  were  the  estab- 
lishment of  Prussia  as  a  kingdom  (1701),  the  rise 
of  Russia  to  be  a  great  European  power  which 
began  under  Peter  the  Great  (d.  1725),  and  the 
establishment  of  British  power  in  India  which 
led  eventually  to  the  erection  of  the  British 
Empire.  In  the  light  of  recent  events  probably 
(he  first  of  these  must  be  considered  the  most 
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important.  The  electorate  of  Brandenburg, 
whose  ruler  was  one  of  those  privileged  to 
elect  the  emperor,  came  under  the  Hohenzol- 
lern  family  late  in  the  Middle  Ages.  It  was 
a  narrow  strip  of  territory  less  than  50  miles 
east  and  west  of  the  little  town  of  Berlin.  It 
is  the  special  pride  of  the  family  that  each  one 
of  the  reigning  heads  added  something  to  his 
ancestral  domain.  The  ruler  was  known  only 
as  Margrave  and  was  considered  of  no  special 
importance  in  German  life.  Prussia  which  fell 
to  them  by  inheritance  at  the  beginning  of  the 
17th  century  had  been  originally  ruled  by  the 
Teutonic  Knights  who  had  conquered  its  pagan 
inhabitants  in  a  Crusade  in  the  13th  century 
and  continued  to  rule  it  through  their  grand 
master.  At  the  time  of  the  religious  revolt  in 
Germany  in  the  early  16th  century  the  Teutonic 
Order  was  dissolved,  and  their  lands  were 
secularized  and  out  of  them  the  duchy  of 
Prussia  erected,  the  grand  master  of  the  time 
occupying  what  had  nitherto  been  an  elective 
office  now  becoming  the  Duke  of  Prussia  with 
the  right  of  inheritance.  He  was  a  relative  of 
the  Elector  of  Brandenburg  and  when  this 
branch  of  the  Hohenzollerns  died  out  the  duchy 
was  united  to  Brandenburg,  the  Hohenzollerns 
now  ruling  over  such  distant  provinces  as  Cleves 
and  Mark  in  the  Rhineland  and  Prussia  far  to 
the  east.  The  great  elector  as  he  is  called  suc- 
ceeded in  welding  these  widely  separated  ter- 
ritories into  a  strong  state.  His  son,  Frederick 
I,  obtained  from  the  emperor,  for  military  aid 
rendered,  permission  to  change  his  title  from 
elector  to  king  though  he  was  but  king  in 
Prussia  as  he  did  not  rule  over  the  whole  of 
Prussia,  but  he  preferred  this  title  because  his 
Prussian  dominions  were  outside  the  Imperial 
limits  and  he  was  more  independent  After  the 
partition  of  Poland  his  title  became  King  of 
Prussia. 

His  son,  Frederick  William  I,  though  noted 
more  for  his  eccentricities  and  for  his  rude 
boorish  manners  than  for  interest  in  anything 
higher,  consolidated  the  Prussian  dominions, 
created  an  army  of  nearly  100,000  men,  drilled 
and  trained  probably  better  than  any  other  sol- 
diers of  the  time.  He  was  almost  miserly  in  his 
penuriousness  with  regard  to  anything  except 
military  expenses,  reduced  the  number  of  his 
court  servants,  coined  the  family  silver  and 
sold  most  of  the  royal  jewels  at  auction.  He 
left  his  son,  Frederick  II,  a  magnificent  army 
and  a  well-filled  military  chest.  Frederick  II, 
to  be  known  in  history  as  the  Great,  whose  in- 
terest in  literature  and  the  arts  had  disgusted 
his  father  in  his  youth,  had  no  sooner  ascended 
the  throne  (1740),  at  the  age  of  28,  than  he 
proceeded  to  use  the  military  advantages  which 
his  father  had  secured  for  him  to  the  utmost 
Maria  Theresa  having  ascended  the  throne  in 
Austria  the  same  year,  Frederick,  taking  ad- 
vantage of  the  expected  weakness  of  a  female 
ruler,  without  any  reasonable  grounds  laid 
claim  to  Silesia  and  began  the  War  of  the  Aus- 
trian Succession.  He  enlarged  his  territories  in 
every  way  that  he  could,  showed  great  military 
genius  in  his  campaigns  and  devoted  himself 
to  the  encouragement  of  arts  and  sciences,  the 
building  of  public  structures  for  music  and 
libraries  and  built  a  scries  of  palaces,  noi  all 
of  them  in  good  architectural  taste,  but  not 
behind  that  of  the  century  in  which  he  lived. 
He  especially  enriched  the  city  of  Berlin  with 
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public  buildings  and  though  he  encouraged 
French  more  than  German  literature  did  much 
for  the  intellectual  life  of  the  Prussian  people. 
Under  him  Prussia  became  an  important  power 
in  Europe. 

The  second  of  these  great  political 
changes  of  the  century  was  the  rise  of  Russia. 
This  was  mainly  due  to  one  man,  Peter,  to 
whom  history  has  given  the  title  of  The  Great 
The  house  of  Romanoff  came  to  the  throne  of 
Russia  on  the  extinction  of  the  dynasty  of  Rurik 
1598.  The  17th  century  was  spent  in  breaking 
the  power  of  the  nobles,  encouraging  mining, 
manufactures  and  commerce  and  increasing 
Russian  territory  in  the  west  at  the  expense 
of  Poland.  Peter  the  Great  came  to  the  throne 
in  1699  and  reigned  till  1725.  He  insisted  on 
introducing  the  ways  of  European  civilization, 
shaving  oft  the  beards  of  his  nobles  and  cutting 
short  their  long  gowns  himself  when  they  re- 
fused to  obey  his  order  in  the  matter,  for  he 
declared  that  people  so  dressed  and  bearded 
could  not  be  good  soldiers.  He  made  war  on 
the  Turks  and  conquered  Azov.  Just  at  the 
beginning  of  the  18th  century,  Peter  made  his 
way  to  Holland  because  he  felt  that  Russia 
must  have  an  outlet  to  the  sea  and  that  Holland 
could  teach  her  lessons  in  shipbuilding.  He 
worked  as  a  ship  carpenter  for  a  while  at 
Zaandam  in  Holland  and  studied  the  shipbuild- 
ing methods  of  the  English  on  the  Thames. 
He  returned  to  put  down  an  insurrection  in 
Russia  and  the  Cossacks  under  Mazeppa 
(1707),  and  then  proceeded  to  take  territory 
away  from  Sweden  which  would  allow  him  an 
outlet  to  the  Baltic  Sea.  He  established  nearby 
his  capital,  Petersburg,  his  desired  "window  into 
Europe,"  at  immense  expense,  setting  it  up  on 
piles  in  the  swamps.  In  spite  of  the  fact  that 
Peter  was  succeeded  by  his  wife,  Catherine, 
who  reigned  for  several  years,  and  that  between 
Elizabeth  and  Catherine  II  for  most  of  the  rest 
of  the  18th  century  Russia  was  ruled  by  women 
of  the  most  licentious  personal  character,  whose 
favorites  had  much  to  do  at  least  with  the 
internal  affairs  of  the  empire,  the  country  con- 
tinued to  gather  strength  and  importance  in 
Europe  until  at  the  beginning  of  the  19th  cen- 
tury it  was  one  of  the  strong  factors  against 
Napoleon  on  many  occasions.  German  intrigue 
riddled  the  country,  however,  and  especially 
under  Elizabeth  and  Catherine  II  succeeded  in 
Germanizing  the  nobility  to  a  great  extent  and 
especially  the  bureaucracy  and  keeping  the  Rus- 
sian people  in  the  worst  possible  condition  of 
serfdom  and  subjection. 

The  third  important  political  event  of  the 
18th  century  was  the  subjection  of  India  to 
England.  About  the  middle  of  the  18th  cen- 
tury the  French,  owing  to  the  genius  of  Dupleix 
who  had  been  governor  of  Pondicherry  since 
1741,  came  into  prominence  in  Indian  affairs. 
Dupieix  dreamed  of  a  French  empire  in  India 
following  the  lines  of  the  old  Mogul  Empire 
which  had  fallen  at  the  beginning  of  the  18th 
century.  Robert  Give  who  went  to  India  as 
a  clerk  took  on  himself  to  make  head  against 
Dupleix  who  was  unsupported  by  his  own  gov- 
ernment. In  the  midst  of  the  wars  between 
England  and  France  which  occurred  around 
1750,  the  American  events  of  which  are  Brad- 
dock's  defeat  and  the  French  and  Indian  War, 
and  during  the  Seven  Years  War,  Clivc  grad- 
ually built  up  the  Indian  Empire,  often  under 
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tions  that  would  not  have  been  approved 
at  home  but  that  once  concluded  were  accepted 
as  accomplished  facts.  As  a  result  at  the  be- 
ginning of  the  19th  century  some  300,000,000 
people  in  India  were  under  English  rule. 

The  American  Revolution  beginning  ap- 
parently as  a  revolt  on  the  part  of  scattered 
rather  disconnected  colonies  with  less  than 
3.000,000  of  inhabitants  and  even  those  by  no 
means  strongly  welded  together,  and  with  a  very 
large  party  among  them  who  remained  loyal  to 
England,  so  that  success  seemed  almost  impos- 
sible, ended  with  a  triumph  that  gave  genuine 
democracy  almost  its  first  great  oppor- 
tunity in  the  world's  history.  In  a  new  land 
far  from  the  disturbing  political  conditions  of 
European  countries  and  with  magnificent  re- 
sources to  develop,  the  American  Republic 
proceeded  to  exemplify  what  government  of 
the  people,  by  the  people  and  for  the  people 
may  mean.  De  Tocqueville's  "American  Democ- 
racy,* written  50  years  later,  is  the  tribute  of 
a  young  enthusiastic  European  republican  to 
Americas  success.  Undoubtedly  the  colonists 
owed  their  successful  termination  of  the  Rev- 
olution to  the  aid  of  the  French,  though  the 
kingdom  of  France  under  Louis  XVI  was 
tottering  to  its  fall  and  that  fall  was  hastened 
by  the  very  success  of  the  spirit  of  democracy 
in  America.  From  Lexington  to  Yorktown 
represented  seven  long  years  of  the  severest 
trials  borne  with  magnificent  courage  and  per- 
sistency by  the  colonists,  hampered  by  a  large 
royalist  contingent  among  them,  and  these 
virtues  had  their  own  reward.  The  result  was 
a  solidarity  of  feeling  owing  to  sympathy  and 
union  in  suffering  which  more  than  all  else 
served  to  bring  the  colonists  together.  The  13 
colonics  had  been  anything  but  homogeneous  in 
race  and  character  and  iney  were  almost  in- 
finitely dissimilar  in  attitude  toward  religion 
and  life.  The  Puritan  of  New  England  and 
the  Cavalier  of  the  Virginias  and  Carolinas 
represented  opposite  poles  of  feeling  in  almost 
every  way.  ft  was  nard  enough  indeed  after 
the  Revolution  to  bring  them  together  or  secure 
a  working  modus  vivendi  for  their  government, 
but  it  would  have  been  quite  impossible  only 
for  the  long  years  of  bloodshed  and  the  severe 
vicissitudes  through  which  they  had  passed  in 
the  period  of  travail  from  which  the  new 
Republic  of  the  West  was  eventually  born.  It 
has  well  been  called  the  greatest  fact  in  modern 
history ;  the  greatness  of  that  fact  has  been  en- 
hanced by  the  part  which  the  American  Re- 
public, now  one  of  the  largest  of  the  nation*, 
has  taken  in  the  World  War  for  democracy. 

The  greatest  man  of  the  18th  century  was 
heyond  all  doubt  George  Washington.  It  was 
the  custom  sometimes  to  speak  of  him  as 
owing  his  reputation  to  a  series  of  happy  ac- 
cidents rather  than  to  innate  genius.  Having 
been  chosen  the  general  of  the  Colonial  forces, 
it  was  said  that  he  succeeded  in  holdine  out 
against  the  British  whose  mistakes  were  so 
great  as  to  facilitate  this  until  the  alliance  with 
France  and  then  with  Spain  finally  brought  that 
combination  of  regular  military  strength  and 
organization  which  made  Yorktown  possible  and 
brought  a  happy  ending  to  the  Revolution. 
Any  such  view,  however,  is  contradicted  by 
definite  knowledge  of  the  man.  When  scarcely 
more  than  a  youth  he  had  saved  Braddock  from 
total  defeat  in  spite  of  that  general's  utter 


errors.  The  campaign  around  Boston  added 
further  to  his  military  reputation.  The  battles 
of  Princeton  and  Trenton  have  been  acknowl- 
edged by  modem  military  experts  as  one  of 
the  greatest  series  of  strategical  combinations 
under  the  most  discouraging  circumstances  that 
have  ever  been  made.  The  official  documents 
of  Washington  show  clearly  how  large  and 
noble  was  his  mind.  His  advice  is  still  the 
best  policy  of  the  republic  in  spite  of  its  broad 
extension  beyond  anything  that  he  could  ever 
have  imagined  in  his  wildest  dreams.  His  dec- 
lination of  the  presidency  for  the  third  time 
and  the  consequent  tradition  of  but  two  presi- 
dential terms  was  a  precious  heritage  for  the 
nation,  and  the  final  proof  of  his  magnanimity. 
Time  instead  of  lessening  his  orcstige  has  added 
to  his  reputation  and  made  it  clear  that  he  was 
a  great  man  raised  up  to  fit  a  great  occasion. 

The  saddest  chapter  of  the  18th  century  is 
that  of  the  social  conditions.  In  order  to  ex- 
plain the  French  Revolution  so  much  attention 
has  been  devoted  to  social  conditions  in  France 
that  there  has  come  to  be  a  very  general  im- 
pression that  social  abuses  were  at  the  worst 
in  that  country-  As  a  matter  of  fact  with  the 
exception  of  England  the  poorer  classes  were 
better  off  in  France  than  anywhere  else  in 
Europe.  The  awful  picture  of  the  Ancien 
Rtgime  is  true,  but  it  should  be  remembered 
that  the  German  lower  classes  were  in  still 
worse  condition  and  the  Russian  serfs  were 
quite  literally  slaves  and  life  and  death  was 
practically  in  the  hands  of  their  masters.  The 
nobility  in  all  the  countries  apparently  felt  them- 
selves to  be  of  quite  different  clay  from  the 
human  beings  below  them  in  the  social  order 
and  treated  them  accordingly.  With  the  coming 
of  the  capitalist  class  as  the  result  of  the  in- 
dustrial revolution  something  of  this  same  feel- 
ing was  to  develop  on  the  part  of  rich  employers 
to  employees.  Whenever  human  nature  has  the 
chance  it  imposes  on  those  below  it  and  it  must 
not  be  forgotten  that  the  Declaration  of  Inde- 
pendence in  the  last  quarter  of  the  century  was 
written  and  most  strongly  upheld  by  men  who 
thoroughly  believed  in  the  institution  of  negro 
slavery  and  insisted  on  maintaining  it  for  nearly 
a  full  century- 

The  most  shocking  element  in  social  condi- 
tions was  the  utter  neglect  of  the  wards  of  the 
state,  prisoners,  the  insane,  feeble-minded  and 
the  poor.  The  awful  conditions  which  existed 
in  prisons  and  hospitals  were  described  by  John 
Howard  toward  the  end  of  the  century  who 
brought  about  a  beginning  of  reform.  The 
prisoners  were  huddled  together  utterly  regard- 
less of  their  influence  on  each  other,  the  young 
and  the  old.  the  first  offender  and  the  hardened 
criminal,  and  the  treatment  of  women  was  al- 
most worse  than  that  of  men.  Hundreds  of 
women  in  London  prisons  were  crowded  to- 
gether, some  of  them  women  of  the  streets  and 
some  accused  of  little  thefts  to  keep  their 
children  alive,  and  with  many  of  the  prisoners 
children  were  allowed  to  be  there  because 
there  was  no  one  else  but  their  mother 
to  care  for  them.  Nearly  250  crimes 
were  called  felonies  and  were  subject  to 
punishment  by  hanging.  Poor  women  were 
often  hanged  for  having  passed  a  counterfeit 
pound  note  which  sometimes  they  themselves 
did  not  know  was  a  counterfeit  and  the  fact 
that  they  had  children  at  their  breast  or  were 
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in  an  early  stage  of  pregnancy  was  no  mitiga- 
tion of  their  offense.  The  insane  who  had  ever 
shown  any  sign  of  violence  were  shackled  and 
were  seldom  allowed  to  be  free  again.  The 
quarters  in  which  the  insane  were  cared  for 
were  filthy  beyond  description  and  they  were 
often  confined  in  cells  underground  or  chained 
to  the  walls  of  dark  rooms  into  which  the 
sunlight  never  penetrated.  Quaker  philanthro- 
pists in  England  began  a  crusade  for  the  re- 
form of  insane  asylums  which  slowly  gained 
ground  and  the  movement  spread  to  America. 
It  had  been  the  custom  to  permit  visitors  in 
search  of  amusement  to  stand  at  windows 
where  they  could  view  the  antics  of  the  insane, 
a  small  sum  of  money  being  collected  for  this 
privilege.  This  amusement  became  so  popular 
that  many  thousands  indulged  in  it  every  year 
and  the  fee  constituted  an  important  source  of 
revenue.  Pinel  in  France  dared  to  strike  the 
shackles  off  the  insane  in  the  great  asylum 
and  hospital  at  Bicetre  though  a  great  many 
even  of  his  medical  colleagues  were  convinced 
that  it  was  a  dangerous  proceeding.  The  care 
for  the  defectives  and  for  the  poor  in  the  poor- 
houses  continued  to  be  almost  unspeakably  bad 
until  well  on  into  the  19th  century,  and  indeed 
in  some  cases  until  our  own  time.  The  serious 
idea  of  reform  in  these  matters,  however,  began 
to  take  hold  of  thinking  people  before  die  end 
of  the  18th  century.  The  United  States  was  a 
leader  in  these  reforms.  When  de  Tocqueville 
visited  America  and  gathered  the  material  for 
his  book  on  Democracy  he  was  here  as  a  mem- 
ber of  a  commission  to  investigate  our  prison 
system  in  order  to  secure  the  reform  of  French 
prisons. 

Personal  liberty  on  the  Continent  had  sunk 
to  a  very  low  ebb  indeed.  Most  of  the  rulers 
were  absolute  monarchs  and  there  being  no 
written  guarantee  of  rights  men  had  almost  no 
redress  against  the  monarch's  ill  will  in  their 
regard  if  he  wished  to  exercise  it.  In  France 
particularly  the  king  might  order  the  imprison- 
ment of  a  subject  no  matter  what  his  rank  and 
keep  him  in  prison  for  any  length  of  time  that 
he  wished.  This  process  was  accomplished 
under  a  scaled  document  issued  by  the  king 
called  a  Lettre  de  Cachet.  This  mode  of  im- 
prisonment had  been  very  much  abused  under 
Louis  XIV,  but  the  abuse  reached  a  climax 
under  Louis  XV  when  it  is  said  that  over  150,000 
scaled  orders  were  issued.  Sometimes  men  thus 
imprisoned  would  be  entirely  forgotten  and  the 
reason  for  their  imprisonment  be  quite  unknown. 
A  clause  of  Magna  Charta  made  any  procedure 
a  violation  of  the  rights  of  Englishmen,  but  in 
other  countries  the  practice  was  quite  common. 
When  the  Bastille  fell  (1789)  some  of  these 
prisoners  were  found  for  whose  imprisonment 
no  reason  could  be  discovered 

A  profound  reaction  in  social  matters  was 
due  in  Europe.  It  came  with  the  French  Revo- 
lution, in  1/89.  Begun  as  an  attempt  to  dis- 
tribute the  burdens  of  taxation  more  equally 
on  the  French,  or  indeed  to  solve  the  problem 
of  the  bankruptcy  of  the  country,  it  developed 
into  a  great  outburst  of  the  oppressed  classes. 
As  Hilairc  Belloc  who  probably  knows  the 
period  better  than  anyone  in  our  time  suggests 
it  was  an  organized  effort  to  win  back  for  men 
some  of  the  privileges  which  they  had  enjoyed 
in  the  Middle  Ages.    In  that  sense  it  continued 


to  make  itself  felt  all  during  the  19th  century 
and  down  to  our  own  time.  It  is  this  aspect  of 
the  movement  that  has  until  now  not  been  prop- 
erly appreciated.  Hailed  by  all  the  liberal  think- 
ers of  Europe  as  a  new  dawn  for  civilization  the 
Revolution  degenerated  into  the  saddest  of 
butcheries,  and  gave  place  to  utter  anarchy  until 
the  French  people  themselves,  tired  of  bloodshed, 
welcomed  a  military  dictator  with  power  to 
maintain  public  order.  In  1789  the  States-Gen- 
eral were  summoned  for  the  first  time  since 
1614.  This  was  changed  shortly  into  the 
National  Assembly.  A  new  constitution  was 
proclaimed  in  1790.  In  1792  the  monarchy  was 
abolished  and  the  next  year  the  well-meaning 
but  unfortunate  Louis  XVI  was  put  to 
death  and  Marie  Antoinette,  his  queen.  Maria 
Theresa's  beautiful  but  imprudent  daughter  who 
had  been  the  admiration  of  Europe,  followed. 
These  events  alienated  all  Europe  and  the  new 
republic  fought  them  all  in  combination  and 
won  battles  that  enabled  her  to  extend  her 
territory  but  finally  brought  her  under  the  heels 
of  a  military  despot. 

The  most  compelling  figure  of  the  18th  cen- 
tury is  Napoleon  Bonaparte  and  his  career  is 
the  index  that  French  affairs  had  reached  a 
point  where  reaction  was  inevitable.  This 
product  of  the  time  was,  to  quote  Freeman, 
"nearer  to  being  the  master  of  Europe  than 
any  other  man  had  been  before.*  "He  called 
himself  consul  and  an  old  Greek  would  have 
said  that  he  had  made  himself  tyrant,  but  he 
was  a  more  absolute  ruler  than  ever  Louis  XIV 
had  been.*  One  of  the  last  reflections  made  by 
Gibbon,  the  historian  of  the  Roman  Empire, 
whose  wide  knowledge  of  world  history  would 
seem  to  give  him  a  right  to  an  opinion  on  the 
subject,  was  that  the  world  would  never  again 
sec  a  great  conqueror  arise  who  like  Alexander 
or  Caesar  might  threaten  to  have  the  world 
under  his  domination.  Gibbon  died  in  1794. 
Had  he  lived  but  a  scant  10  years  more  he 
would  have  been  able  to  witness  the  utter  con- 
tradiction of  this  opinion,  though  there  is  no 
doubt  now  that  most  of  the  learned  men  of  his 
time  and  especially  those  familiar  with  history 
would  have  accepted  his  reflection  as  almost  so 
obvious  as  to  be  an  axiom.  In  this  after  all 
Gibbon  differed  very  little  from  many  a  serious 
student  of  history  of  a  century  later  who  would 
not  have  hesitated  to  say  that  he  now  felt  sure 
that  a  great  prolonged  European  war  shared 
by  most  of  the  civilized  nations  of  the  world 
was  an  utter  impossibility. 

Bonaparte  was  carried  to  the  height  of 
power  on  a  flood  of  military  success.  Arrived 
there  he  proved  to  have  a  genius  for  adminis- 
tration that  enabled  him  to  maintain  himself 
and  that  has  stamped  his  influence  on  all 
modern  legislation.  He  came  to  the  front  in 
the  Italian  campaigns  of  the  wars  of  the  French 
Revolution  when  his  victories  in  Italy  forced 
the  Emperor  Francis  of  Austria  to  surrender 
the  Austrian  Netherlands  to  France  and  to  with- 
draw from  northern  Italy  with  the  result  that 
Piedmont  and  Savoy  were  annexed  to  France. 
France  was  a  republic,  but  there  was  no  re- 
publicanism in  the  spirit  of  French  conquests 
once  the  mania  of  victory  developed.  Republics 
were  sacrificed  quite  as  readily  to  French  ambi- 
tion, or  rather  to  the  ambition  of  French  mili- 
tary leaders,  as  were  monarchies     In  return 
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for  his  surrender  to  France  of  these  large 
territories  the  Austrian  emperor  was  permitted 
to  join  the  French  in  destroying  the  ancient 
commonwealth  of  Venice,  which  with  all  that 
was  oligarchical  in  its  government  had  at  least 
some  show  of  self-ruling  about  it.  The  French 
and  the  Austrians  divided  the  Venetian  terri- 
tories between  them.  When  in  1798  Bonaparte 
planned  his  expedition  to  Egypt  and  the  French 
needed  money  to  finance  it  the  Directory  of 
France  calmly  proceeded  to  attack  Switzerland, 
for  some  six  centuries  a  republic,  for  no  better 
reason  than  because  the  town  of  Berne  was 
known  to  possess  a  large  treasure.  The  French 
Revolution  would  seem  then  utterly  to  have 
failed  in  its  purpose,  but  it  was  only  an  eclipse 
for  a  time  and  in  spite  of  many  vicissitudes  its 
spirit  was  to  work  for  good  tor  more  than  a 
century  later.  Napoleon  came  to  be  the  hammer 
by  which  a  great  many  of  the  presumedly  most 
firmly  established  things  of  the  old  order  in 
Europe  were  smashed  upon  the  anvil  of  war 
to  be  made  over  for  the  better,  though  the 
betterment  was  often  not  immediate. 

The  greatest  woman  character  of  the  century 
in  the  best  sense  of  the  word  was  Maria 
Theresa,  queen  of  Austria  or  *lring,n  as  her 
Magyar  subjects  loved  to  call  her,  and  finally 
Austrian  empress.  Her  father  had  anticipated 
trouble  for  his  daughter's  rule  and  made  the 
treaty  called  the  Pragmatic  Sanction  to  secure 
it,  but  his  worst  portents  were  confirmed  and 
Maria  Theresa  was  scarcely  seated  on  the 
throne  before  she  became  embroiled  in  a  series 
of  wars  for  the  preservation  and  integrity  of 
her  states.  Probably  no  woman  in  history  has 
ever  taken  her  duties  as  sovereign  more  seri- 
ously. On  the  other  hand  as  the  mother  of  17 
children  she  took  her  domestic  duties  quite  as 
seriously  and  was  a  model  wife  and  mother. 
Her  letters  to  Marie  Antoinette  during  the 
French  troubles  show  her  maternal  solicitude 
at  its  best  and  her  wisdom  as  a  ruler  and 
administrator.  She  treated  her  subjects  very 
much  as  she  did  her  family,  with  the  most 
loving  care  and  profound  wisdom.  She  prac- 
tised strict  economy,  encouraged  manufactures 
and  commerce,  reformed  the  army  with  the 
idea  of  preventing  bloodshed  by  being  prepared 
for  war,  and  organized  a  system  of  military 
colonies  on  the  frontiers  so  as  to  prevent  in- 
vasion and  save  her  subjects  from  the  worst 
hardships  of  war,  that  of  having  the  enemy 
in  their  midst.  Above  all  Maria  Theresa  won 
the  love  of  all  the  different  peoples  who  com- 
posed her  multilingual  kingdom.  It  has  always 
been  a  historical  mystery  why  the  heterogeneous 
peoples  who  constitute  the  Austrian  Empire 
have  hung  together  and  it  has  often  been  sup- 
posed that  it  was  a  mere  question  of  armed 
force  and  repression.  There  can  be  no  doubt, 
however,  that  there  was  real  attachment  to  the 
house  of  Hapsburg  and  that  above  all  Maria 
Theresa's  long  reign  of  nearly  50  years  had 
much  to  do  with  creating  a  spirit  of  solidarity 
among  these  peoples.  Her  readiness  to  do  for 
the  suffering  among  her  people  was  literally 
unbounded.  It  is  said  that  once  she  was  driving 
through  a  part  of  the  country  where  famine 
was  rife  and  people  were  starving.  Passing 
by  a  mother  seated  at  the  roadside  trying  to 
nurse  her  child,  and  evidently  unable  to  supply 
it  with  food,  the  empress  threw  a  piece  of 
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money  into  her  lap  and  told  her  to  get 
thing  to  eat,  but  the  mother  with  tears  in  her 
eyes  insisted  that  it  would  be  too  late  to  save 
her  baby.  The  mother  of  17  children  might 
well  be  expected  to  be  in  a  condition  to  supply 
for  lack  of  infant  food,  and  so  the  starving 
baby  nursed  at  the  Imperial  breast  and  its  life 
was  saved.  It  is  easy  to  understand  that  among 
peoples  who  had  traditions  of  acts  of  this  kind 
on  the  part  of  their  empress  queen,  deep  feel- 
ings of  affection  would  be  aroused  to  become 
a  tradition  in  favor  of  the  family  of  which  she 
was  a  member. 

The  one  thing  that  stains  the  reign  of  Maria 
Theresa  is  the  partition  of  Poland.  There  is 
no  doubt  at  all  that  she  entered  upon  it  with 
great  unwillingness  and  felt  that  she  was  forced 
to  take  part  lest  there  should  be  such  a  dis- 
turbance of  frontiers  and  the  balance  of  power 
in  central  Europe  as  would  leave  her  kingdom 
and  people  open  to  attack  under  unfavorable 
conditions.  Perhaps  another  fault  was  the  as- 
sociation of  her  son  Joseph  II  in  the  govcr 
ment  Maria  Theresa  was  a  woman  of  heart 
and  high  administrative  powers. 
Joseph  was  an  intellectual  prig  who  was  quite 


sure  that  humanity  could  be  made  better  by 
rules  and  regulations  and  that  men  could  be 
governed  by  sweet  reasonableness  and  intel- 
lectual reform.  His  career  as  a  ruler  was  an 
utter  failure.  He  tried  to  make  himself  a 
benevolent  autocrat  for  the  benefit  of  his  sub- 
jects and  was  so  terribly  disappointed  by  his 
failure  that  he  died  a  broken-hearted  man  be- 
fore he  was  50. 

Women  were  destined  to  play  an  extremely 
important  role  in  18th  century  history.  The 
reign  of  Queen  Anne  is  a  great  period  in 
English  history  but  unfortunately  unworthy 
women  were  to  be  the  most  influential  char- 
acters of  the  time.  The  most  noteworthy  of 
these  whose  career  is  typical  in  many  ways  of 
the  lamentable  political  influences  that  were  at 
work  was  Catherine  II,  the  empress  of  Russia, 
who  reigned  from  1762  to  1796.  She  was  not 
a  native  Russian,  but  a  princess  of  Anhalt- 
Zerbst  in  upper  Saxony.  Her  name  Sophia 
Augusta  was  changed  to  Catherine  on  her  ad- 
mission into  the  Greek  Church  just  before  her 
marriage  with  Peter  who  had  been  selected  to 
succeed  his  aunt,  the  Empress  Elizabeth,  on  the 
throne  of  Russia.  She  was  not  the  first  thus 
to  be  lifted  from  obscurity  to  the  high  posi- 
tion of  empress  of  the  Russians,  for  her  earliest 
predecessor  in  the  18th  century.  Catherine  I, 
the  wife  of  Peter  the  Great,  who  reigned  for 
two  years  after  his  death,  1725  to  1727,  was 
the  natural  daughter  of  a  country'  giri  in 
Livonia.  The  first  Catherine,  after  having 
been  the  mistress  of  a  series  of  Russian  gen- 
erals, attracted  the  attention  of  the  tsar  and 
became  his  mistress  and  subsequently  his  wife. 
She  died  at  the  early  age  of  40,  her  end  being 
hastened  by  dissipation.  She  never  learned  to 
read  or  write,  but  she  knew  how  to  manage 
men.  The  second  Catherine  was  quite  as  dissi- 
pated, and  had  even  more  administrative  ability, 
but  she  had  devoted  herself  to  her  own  educa- 
tion until  she  came  to  be  looked  up  to  as  one 
of  the  scholars  of  the  time.  She  was  a  friend 
of  Voltaire  and  of  the  Encyclopedists.  She 
was  a  great  believer  in  the  new  social  philos- 
-  which  they  preached,  and  maintained  cor- 
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respondence  with  them  Her  husband  frittered 
away  his  life  in  senseless  dissipation,  but  while 
the  Empress  Elizabeth  lived,  Catherine  main- 
tained some  show  of  respectability  and  acquired 
deep  influence  over  her.  Her  mode  of  life, 
however,  soon  became  such  as  to  make  the 
paternity  of  her  children  a  matter  of  grave 
doubt.  With  the  death  of  Elizabeth  the  half- 
imbecile  Peter,  her  husband,  soon  got  into 
serious  difficulty  with  his  people  and  his  nobles, 
and  Catherine  through  her  lovers  took  advan- 
tage of  this  to  secure  the  throne. 

All  during  her  life  Cat!  terinc  continued  to 
live  most  licentiously.  One  lover  succeeded 
another,  though  one  favorite,  Potemkin.  main- 
tained his  influence  over  Catherine  for  some  15 
years,  supplying  her  with  new  favorites  when 
his  mistress's  personal  inclination  for  himself 
suffered  an  interval  or  ceased  entirely.  Cath- 
erine's lovers  are  said  to  have  cost  Russia  over 
$100,000,000  at  a  time  and  under  circumstances 
when  money  was  worth  at  least  five  times  as 
much  as  it  is  now.  In  spite  of  this  utterly  de- 
praved personal  character  Catherine  ruled 
Russia  for  Russia's  advantage  though  not  for 
the  benefit  of  her  subjects.  She  pursued  relent- 
lessly the  policy  of  giving  Russia  an  egress  for 
its  commerce  by  sea.  She  succeeded  in  bring- 
ing Courland  with  its  Baltic  coast  line  into  the 
Russian  Empire,  had  Poniatowski,  an  old  lover, 
elected  to  the  throne  of  Poland,  and  finally 
brought  about  the  infamous  division  of  Poland 
< —  Catherine  obtaining  about  two-thirds  of  the 
Polish  territory.  An  insurrection  of  the  people 
under  Kosciusko,  the  Polish  hero  of  the  Ameri- 
can Revolution,  failed,  the  Russian  army 
stormed  Warsaw  and  the  last  trace  of  Poland 
as  an  independent  country  was  obliterated 
(1794).  It  was  the  foulest  deed  in  history. 
War  with  the  Turks  led  to  Catherine's  conquest 
of  Bessarabia  and  other  countries  down  to  the 
Caspian  and  came  near  realizing  the  Russian 
empress'  dream  of  driving  the  Turks  entirely 
from  Europe  and  the  establishment  of  her 
own  empire  at  Constantinople.  She  was  com- 
pletely alienated  from  all  sympathy  for  French 
ideas  by  the  progress  of  the  French  Revolution 
and  prohibited  the  publication  of  French  works 
in  Russia.  French  admirers  used  to  call  her 
the  Semiramis  of  the  North  and  her  career, 
political  and  moral,  amply  justifies  the  com- 
parison, with  the  moral  balance  in  favor  of  the 
ancient  ruler  who  anticipated  Catherine  by  some 
2,500  years.  It  was  the  presence  of  such  rulers 
as  herself  and  Louis  XV  during  the  18th  cen- 
tury that  brought  about  the  reaction  against 
monarchical  government  which  was  to  attract 
so  much  attention  during  the  19th  century. 

This  century  contains  the  most  important 
chapter  in  the  history  of  music  Scarlatti 
(1659-1725)  who  wrote  some  hundred  operas,  a 
number  of  oratorios  and  an  immense  amount 
of  ecclesiastical  music,  introduced  three  novel- 
ties destined  to  influence  music  deeply.  The 
two  principal  of  these  are  the  Sinfonia  or 
Overture  and  the  accompanied  recitative.  Every 
country  in  Europe  took  up  music  and  made 
distinct  contributions  to  it.  Purcell's  work  in 
the  1 7th  century  in  England  had  finely  prepared 
the  public  mind,  and  Handel  and  Bach  com- 
pleted the  organization  of  the  art  of  music  on 
a  firm  footing  It  has  been  said  that  "these 
two  great  composers  of  the  18th  century,  wrote 


every  combination  of  musical  notes  that  down 
to  our  latest  times  has  ever  been  employed 
with  good  effect."  .  .  .  "The  more  the  works 
of  these  masters  arc  studied  the  more  are  they 
found  to  foreshadow  the  supposed  novelties  in 
harmony,  employed  by  subsequent  artists.* 
(MacFarren,  'Encyclopaedia  Britannica' ).  The 
period  includes  also  the  life  and  works  of 
Gliick  who  did  so  much  to  unite  music  and 
plot  in  opera  into  one  harmonious  whole. 
Piccini,  Gliick's  rival  in  the  famous  musical 
war  in  Paris,  was  a  much  less  important  musi- 
cian, but  he  had  dramatic  power  and  real 
musical  talent.  Haydn,  often  spoken  of  as  the 
father  of  the  symphony,  contributed  greatly  to 
the  development  of  music  and  some  of  the 
sons  of  the  great  Sebastian  Bach  have  an  en- 
during place  in  the  history  of  musical  art 
Mozart  whose  untimely  death  at  the  age  of 
35  cut  him  off  in  the  flower  of  his  achieve- 
ment is  one  of  the  greatest  musicians  of  all 
time.  Before  the  end  of  the  century  Beethoven 
had  rounded  the  symphony  into  its  modern 
form  and  left  the  world  eternally  his  debtor 
for  his  marvelous  command  over  notes.  The 
opera  comique  of  the  French  which  dates  from 
early  in  the  18th  century,  the  distinction  from 
grand  opera  being  that  there  was  spoken 
dialogue  interspersed  with  the  music,  provided 
opportunity  for  the  development  of  lighter 
music  that  was  to  occupy  so  much  attention  in 
modern  times.  What  is  noteworthy,  however, 
in  the  18th  century  is  the  depth  and  serious- 
ness of  interest  of  even  the  general  public  in 
music  Handel's  oratorios  were  given  to 
crowded  houses  and  as  Frederic  Harrison 
has  said  "the  ill  designed  churches  of  the 
period  were,  often  crowded  with  people  who 
were  deeply  touched  by  the  sacred  music  given 
and  whose  emotions  were  heartfelt  and  not 
at  all  the  result  of  any  fashionable  or  con- 
ventional feeling" 

The  literature  of  the  18th  century,  opening 
with  'The  Rape  of  the  Lock'  and  closing  with 
Goethe's  'Faust,'  must  surely  be  considered 
as  of  significant  import  in  the  history  ot  litera- 
ture. It  includes  in  Germany  the  work  of 
Winckelmann,  Lcssiug  and  Herder,  as  well  as  the 
youth  of  Schiller;  in  France  the  writings  of 
Montesquieu,  of  Voltaire  and  the  Encyclo- 
pedists, and  in  England  such  historians  as 
Hume,  Robertson  and  Gibbon,  as  well  as  such 
potent  writers  of  English  prose  and  verse  as 
Addison,  Steele,  Samuel  Johnson,  young 
Wordsworth  and  Robert  Burns.  Frederic  Har- 
rison has  suggested  that  it  is  the  first  age  since 
that  of  Augustus  which  ever  left  inimitable 
pictures  of  its  own  daily  home  existence.  The 
Spectator,  Walpolc's  and  Fanny  Burney's  let- 
ters and  the  novels  of  Richardson,  Fielding  and 
Smollett  have  given  a  picture  of  the  times  that 
has  probably  never  been  equalled.  What  is  in- 
teresting above  all  about  the  literature  of  the 
18th  century  is  its  interest  in  ordinary  human 
beings.  The  problems  of  men  as  men  were  here 
first  stated  in  literature  and  sympathy  aroused 
for  even  the  lowest  of  mortals.  Gay's  'Beg- 
gars Opera,'  Crabbe's  'Tales'  and  Defoe's  and 
Swift's  romances  are  representative  in  this  re- 
gard. Defoe  and  Swift  wrote  from  so  close  to 
the  heart  of  human  nature  that  their  best  works 
arc  forever  popular. 

Education  reached  a  very  low  ebb  in  the 
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18th  century  so  that  Cardinal  Newman  suggests 
the  middle  of  the  century  as  representing  prob- 
ably the  lowest  period  in  the  history  of  uni- 
versity education,  when  the  students  at  Oxford 
and  Cambridge  scarcely  more  than  "ate  their 
terms,"  that  is,  lived  in  residence  to  receive 
their  degrees,  while  Winckelmann,  wanting  to 
teach  Plato  at  the  end  of  the  century,  had  to 
have  manuscript  copies  of  the  author  because 
no  Greek  edition  had  been  issued  in  Germany 
for  over  100  years.  Philosophy,  however,  was 
the  subject  of  a  good  deal  of  attention  and 
exploitation  usually  on  the  part  of  men  not 
directly  connected  with  the  universities.  It  is  the 
age  of  Locke,  of  Hume  and  of  Bishop  Berke- 
ley in  England,  whose  stay  in  America  in- 
fluenced Jonathan  Edwards,  of  Voltaire  and  the 
Encyclopedists  in  France  and  of  Kant  in  Ger- 
many. The  work  of  these  men  lived  to  in- 
fluence the  19th  century.  Religion  was  at  a 
low  ebb  and  it  was  an  age  of  scepticism.  The 
work  of  the  devoted  John  Wesley  in  England, 
which  proved  the  incentive  for  the  Oxford 
Movement  of  the  succeeding  century,  was  the 
first  index  of  reaction.  French  philosophy  in 
its  atheistic  aspects  was  curiously  enough  a 
child  of  English  scepticism.  Voltaire  and  the 
French  Encyclopedists  (sec  Encyclopedia)  at- 
tracted attention  rather  by  the  brilliancy  of 
their  style,  the  keenness  of  their  wit  and  their 
biting  satire  than  by  depth  of  thought.  Vol- 
taire himself  pronounced  the  period  an  "age  of 
trivialities.™  Rousseau  suggested  the  abandon- 
ment of  artificial  culture  and  refinement  and 
the  going  back  to  the  primitive  state  of  nature 
because  it  seemed  hopeless  to  guide  men  by- 
reason.  Adam  Smiths  'Wealth  of  Nations' 
represented  the  English  philosophy  of  inde- 
pendent morality  applied  to  practical  life. 

The  18th  is  above  all  the  century  of  the 
fundamental  organization  of  the  physical  sci- 
ences in  their  modern  form.  The  period  crystal- 
lized the  data  of  scientific  information,  till  then 
held  in  solution,  and  gave  the  physical  sciences 
the  form  they  have  maintained  since.  Physics, 
chemistry,  botany,  zoology,  comparative  anat- 
omy, electricity  and  psychology  as  well  as  the 
elements  of  social  science  both  in  history  and  in 
statics  took  shape.  Lancisi  at  the  beginning  of 
the  century  in  Italy  and  at  the  end  of  the  cen- 
tury Hunter  and  Bichat  in  England  and  France 
revolutionized  methods  and  .results  in  the 
sciences  related  to  medicine.  Morgagni  founded 
pathology.  Jenner's  discovery  of  vaccination 
marked  the  dawn  of  a  new  era  in  therapeutics. 
Aucnbrugger  initiated  clinical  diagnosis,  and 
the  example  of  such  men  as  Pcrcival  Pott, 
after  whom  Pott's  disease  (q.v.)  and  Pott's 
fracture  arc  named,  gave  a  new  impetus  to 
accuracy  of  surgical  diagnosis.  The  Vienna 
School  of  Medicine  began  its  work  as  an  in- 
heritance from  some  great  students  of  Boer- 
haave  at  the  beginning  of  the  century,  and  such 
men  as  Cullen,  Hebcrden,  Currie,  Fothergill. 
Huxham  left  an  indelible  impress  upon  med- 
ical history.  Franklin,  Galvani,  Volta  laid  the 
foundations  of  the  ft  ;"J<'t)Cc  of  electricity  while 
Priestley,  Lavoisier  and  Schecle  were  doing 
similar  work  in  chemistry.  Laplace,  La  Grange 
and  others  were  adding  to  the  magnificent  work 
that  Newton  had  accomplished  at  the  beginning 
of  the  18th  century,  recognizing  very  clearly  the 
surpassing  value  of  their  predecessor's  work. 
La  Grange  declared  that  Newton,  whose  <Prin- 


cipia'  received  its  final  form  in  this  century, 
■was  the  greatest  genius  that  ever  existed.* 
Beside  him  deserve  to  be  named  such  men  as 
Halley  of  the  comet,  Euler,  the  Bcrnouillis,  the 
elder  Herschel  and  Lcgendre.  The  century  was 
also  particularly  fruitful  in  mathematical 
genius.  In  the  biological  sciences  Cuvier,  Buff  on, 
Geoffroy  St.  Hilaire  .and  Lamarck,  most  of 
whose  work  was  accomplished  before  the  cen- 
tury closed,  did  work  that  was  destined  to  leave 
its  impress  deeply  upon  their  sciences.  It  re- 
quired much  more  than  merely  talent  and  ap- 
plication to  make  the  first  great  steps  in  these 
sciences  and  only  positive  genius  could  have 
done  what  these  men  achieved. 

The  greatest  heritage  of  the  century  to 
succeeding  generations  was  what  has  come  to 
be  called  the  industrial  revolution.  Up  to  the 
latter  half  of  the  18th  century  men  had  paid 
very  little  attention  to  mechanical  inventions 
and  their  development.  The  people  of  western 
Europe  did  their  farming,  made  their  cloth  and 
continued  to  do  most  of  the  domestic  manu- 
factures at  least  almost  in  the  same  way  as  the 
ancients  had  done.  It  has  been  said  that  "if  a 
peasant,  a  smith  or  a  weaver  of  the  age  of 
Caesar  Augustus  had  visited  France  or  England 
1800  years  later  he  would  have  recognized  the 
familiar  flail,  forge,  distaff  and  hand  loom  of 
his  own  day*  (Robinson).  All  this  was  to 
be  changed  in  the  course  of  a  single  generation, 
however.  A  series  of  machines  came  to  replace 
hand  labor  and  accomplish  ever  so  much  more 
in  vastly  shorter  time  than  before.  The  essen- 
tial processes  remained  the  same,  only  now  by 
the  aid  of  machinery  they  were  accomplished 
more  rapidly. 

In  1767  Hargrcavcs,  an  English  spinner,  in- 
vented what  was  called  the  spiniung  jenny. 
With  this  a  single  workman  by  the  help  of  a 
wheel  could  spin  8  or  10  threads  at  once 
and  thus  do  the  work  done  formerly  by  as 
many  spinners.  In  1768  Arkwright  invented  a 
machine  for  rolling  threads.  Some  10  years 
later  Crompton  combined  Hargreaves'  spinning 
jenny  and  Arkwright's  roller  machine  into  what 
was  called  the  spinning  mule.  With  this  as 
many  as  200  threads  could  be  spun  at  once,  and 
when  the  steam  engine  came  and  power  was 
applied  a  few  hands  could  do  the  work  of 
hundreds.  The  gradual  improvement  of  the 
steam  engine  by  James  Watt,  who  had  been 
called  in  to  repair  a  model  of  a  steam  engine 
made  more  than  half  a  century  before  by  an 
English  mechanic  named  Newcomen,  greatly 
facilitated  the  development  of  industry-  I" 
1785  a  steam  engine  was  first  employed  to  run 
spinning  machinery,  Arkwright  adopted  it  in 
1790,  and  after  this  such  engines  became  ex- 
tremely common  and  the  factory  system  re- 
placed the  old  domestic  system  of  manufacture 
almost  completely. 

This  so  called  labor-saving  machinery  threw 
many  out  of  employment,  though  it  brought 
together  a  great  many  workmen  in  the  employ 
of  a  new  class  that  now  developed  in  the  popu- 
lation, the  capitalist.  John  Stuart  Mill  about 
the  middle  of  the  19th  century,  when  he  could 
see  clearly  the  result  of  the  industrial  revolu- 
tion, declared  that  all  our  labor-saving  ma- 
chinery in  spite  of  its  name  had  never  saved 
mankind  an  hour  of  drudgery,  but  on  the  con- 
trary had  made  it  possible  for  a  large  number 
of  workmen  to  work  for  a  few  and  usually  to 
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work  long  hours  in  unsanitary,  ill-ventilated 
factories,  compelling  them  to  live  in  crowded 
slums  not  far  from  the  factories  because  their 
long  working  day  did  not  allow  them  the  time 
to  go  or  come  farther  to  their  work.  The  in- 
dustrial revolution  worked  an  immense  amount 
of  social  harm,  led  to  the  employment  of  women 
and  children  for  such  long  hours  and  under 
such  unsuitable  conditions  as  proved  seriously 
detrimental  to  health,  and  it  took  more  than  a 
century  before  humanity  wakened  up  to  the 
necessity  for  regulating  industry  in  such  a  way 
as  to  conserve  the  rights  of  man. 

James  J.  Walsh, 
Thirteenth  the  Greatest  of 
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first  King  of  Prussia. 

1702.  Anne.  Queen  of  Great  Britain,  begir 

1703.  St.  Petersburg  is  founded  by  Peter  the  Great. 

1704.  Battle  of  Blenheim. 

1707.  The  union  of  Scotland  with  England 
the  first  parliament  of  Great  Britain  assemble*. 

1 708.  The  British  defeat  the  French  at  Oudenardc. 

1700.  Charles  XII  of  Sweden  it  defeated  at  Pultowa.  JO 
June.    Battle  of  Malplaquet.  1 1  Sept. 

1713.  Treaty  of  Utrecht  signed.  30  March. 

1714.  George  I.  Elector  of  Hanover,  becomes  King  of  Great 
Britain. 

1715.  Scotland  revolts;  the  Stuart  Pretender  appears,  hut  his 
supporters  are  defeated  at  Sheriffmuir.  Louis  XIV  of 
Prance  dies. 

1717.  The  Turks  arc  defeated  at  Belgrade. 

1718.  Charles  XII  of  Sweden  is  killed  at  the  siege  of  Fred- 
erickshall,  Norway. 

1720.  The  South  Sea  Scheme.  7  April-29  September,  col- 
lapses.    Victor  Amadens.  duke  of  Savoy,  becomes  " 
of  Sardinia. 

1722.  Peter  the  Great  assumes  the  title  of  Ciar  o 
1725.  Death  of  Peter  the  Great.    Persecution  of  Protestants 
in  Prance. 

1727.  George  II  becomes  King  of  Great  Britain. 
1  728.  Rise  of  Methodism  in  England. 
1733.  Prance  and  Poland  at  war. 

1736.  Kien-Lung  ascends  the  throne  of  China.  He  receives 
embassies  from  Russia,  Holland  and  Great  Britain- 

17J9.  Nadir.  Shah  of  Persia,  conquers  the  greater  part  of  the 
Mogul  Empire. 

1740.  Frederick  the  Great  begins  to  reign.  Maria  Theresa 
becomes  Queen  of  Hungary. 

1743.  The  Allies  defeat  the  French  at  Dettingen. 

1741.  Great  Britain  declares  war  against  France.  31  March. 
Commodore  Anson  completes  his  voyage  around  the 
world. 

1745.  Battle  of  Fontenoy.  30  April.  British  forces  take  Cape 
Breton.  N.  S.  Rebellion  in  Scotland.  English  fores 
defeated  at  Gladsmttir,  21  Sept. 

1746.  English  forces  defeated  at  Falkirk.  17  Jan.  Scotch 
forces  defeated  at  Cullnden.  16  April,  and  the  rebellion 
suppressed. 

1747.  Defeat  of  the  allied  army  at  Lafcldt.  British  victory 
over  the  French  fleet.    The  Prince  of  Orange  becomes 

Stadtholder. 

1748.  Treaty  of  Aix-la-Chapelle  between  Great  Britain, 
Spain.  Austria  and  Holland. 

1752.  Calendar  revised  in  Great  Britain,  Sept.  3  becoming 
Sept.  14. 

1756.  Se  ven  Years'  War  begins.  Rupture  between  Great 
Britain  and  Prance. 

1757.  Damien's  conspiracy  against  Louis  XV.  Prussian  vie- 
tiry  at  Rosbacn  over  French  and  Austrian!,  5  Nov. 
King  of  Prussia  becomes  master  of  Silesia. 

1759.  France  loses  Canada  in  the  final  battle  of  the  Heights 
of  Abraham. 

1760.  George  III  begins  his  reign. 

1763.  Seven  Years'  War  ends  with  Frederick  victorious. 
Peace  ratified  at  Paris  between  Great  Britain.  France 
and  Spain. 

1764.  The  British  Parliament  grants  Mr.  Harrison  $50,000 
for  discovering  the  longitude  by  his  chronometer. 

1766.  American  Stamp  Act  repealed. 
1769.  Captain  Cook's  discoveries  in  the  Pacific  Ocean. 
1  772.  Pirst  Partition  of  Poland  by  Russia,  Prussia  and 
Austria.    Revolution  in  Sweden. 

1773.  Captain  Cook's  voyage  to  the  Antarctic,  reaching  7 1  • 
10"  south  latitute. 

1774.  Louis  XVI  of  Prance  begins  his  reign. 

1775.  The  American  Revolution  begins.  19  April.  Battle  of 
Bunker  Hill.  7  June. 

1776.  The  American  Declaration  of  Independence  pro. 
claimed.  4  lulv. 

1777.  The  surrender  of  Burgoync  at  Saratoga.  V.  Y..  7  Oct. 


1778.  Alliance  of  the  French  and  Americans.  30  Oct. 

1779.  Siege  of  Gibraltar.    Captain  Cook  killed  at  Hawaii. 

1780.  British  naval  victory  over  the  Spaniards  near  Cape  St. 
Vincent.  16  Jan.    American  defeat  at  Camden,  16  Aug. 

1781.  The  surrender  of  Cornwallis  at  Yorktown.  18  Oct. 
1783.  Treaty  of  Peace  between  Great  Britain  and  the  United 


of  the 


1 789.  The  States  General  meets  in  Paris.  The 
lution  begins.  The  King  accepts  the  dad 
Rights  of  Man.  Prance  divided  into  83 
Washington  elected  President  of  the  United 

1790.  Titles  of  nobility  suppressed  in  Prance. 

1791.  Coalition  between  Austria  and  Prussia.  27  Aug.  The 
French  Constitution  ratified.  3  Sept. 

1792.  Peace  of  Jassey.  9  Jan.  Gustavus  HI  of  Sweden 
assasKinatcd,  16  March.  The  September  massacres  in 
France.    France  declared  a  republic.  22  Sept. 

1793.  King  Louis  XVI  beheaded.  21  Jan.  Queen  Mane 
Antoinette  beheaded.  1 5  Oct.  War  declared  by  England 
against  France.  1  Feb.  Toulon  captured  by  the  English. 
28  Aug.    Reign  of  terror  in  France. 

1794.  Robespierre  beheaded-  English  defeat  the  French 
fleet.    Battle  of  Pleurus.  26  June. 

1795.  Holland  invaded  by  the  French.    Belgium  annexed  to 
the  French  Republic.     The  remainder  of  Poland 
titioned  between  Russia.  Austria  and  Prussia, 
treaty  between  United  States  and  Great  Britain. 

1796.  Bonaparte  »  campaign  in  Italy.  . 

1798.  Irish   Rebellion.    Bonaparte*  campaign   in  ] 
The  Battle  of  the  Pyramids. 

1799.  The  siege  of  Acre.     Bonaparte    made    Pint  C 
Death  of  Washington. 

1800.  United  States  capital  removed  fr 
Union    of    Ireland    with  Great 


EIGHTH  CENTURY,  The.  The  8th  cen- 
tury is  a  cardinal  epoch  in  modern  history  be- 
cause it  witnessed  the  culmination  of  the  strug- 
gle in  the  east  and  west  of  Europe  by  which 
it  was  decided  that  European  civilization  should 
be  Christian  rather  than  Mohammedan  in  char- 
acter. The  failure  of  the  Saracens  to  capture 
Constantinople  in  the  early  part  of  the  century 
(718)  and  the  decisive  defeat  inflicted  upon  the 
Moors  at  Tours  (732)  by  Charles  Martel  fol- 
lowed by  Charlemagne's  successful  campaign 
(777)  which  pushed  Moorish  dominion  below 
the  Ebro  in  Spain  definitely  settled  that  Chris- 
tianity was  to  have  an  opportunity  for  free 
development  in  Europe.  It  was  the  fashion  a 
generation  or  two  ago  to  suggest  the  possibility 
that  civilization  might  have  advanced  more 
rapidly  under  Mohammedan  dominion  than  act- 
ually proved  to  be  the  case  under  Christianity. 
The  opinion  was  dictated  primarily  by  the  love 
of  paradox  though  undoubtedly  supported  by 
the  tendency  to  minimize  the  really  great  work 
of  the  Middle  Ages  through  ignorance  of  their 
genuine  achievement  and  to  exaggerate  the 
place  of  the  Moors  in  education,  literature  and. 
especially,  in  science.  What  actually  happened 
in  the  Mohammedan  countries  in  spite  of  the 
magnificent  incentive  afforded  them  by  their 
close  touch  with  Greek  civilization  in  the  East 
is  the  historical  demonstration  that  their  definite 
repulse  in  the  8th  century  was  for  the  benefit 
of  humanity. 

At  the  beginning  of  the  8th  century  the 
caliphs  ruled  from  India  over  Persia,  Arabia. 
Syria,  Armenia,  Egypt,  Morocco,  Spain  and 
what  is  now  France  beyond  Narbonne,  as  well 
as  most  of  the  islands  of  the  Mediterranean  and 
not  a  little  of  southern  Italy.  The  backward- 
ness in  civilization  of  all  of  these  regions  that 
remained  under  Mohammedan  rule  is  the  an- 
swer of  historv  to  the  insinuations  of  Gibbon 
and  his  imitators  as  to  the  benefits  the  Arabs 
might  have  conferred  on  humanity.  Fortunately 
in  the  8th  centurv  there  came  a  division  of  the 
caliphates  which  greatlv  diminished  Moham- 
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medan  power  and  reunion  never  took  place. 
The  raising  of  the  siege  of  Constantinople 
(718)  was  due  more  to  one  man,  Leo,  known 
as  the  Isaurian,  than  to  any  other  factor.  Leo 
was  the  son  of  a  shoemaker  who  rose  by  mili- 
tary and  administrative  genius  to  be  emperor 
and  founded  a  dynasty.  Like  self-made  men  at 
all  times  he  was  confident  that  he  could  solve 
all  problems  since  he  had  solved  so  many,  and 
his  interference  in  Church  matters  separated 
Christianity  into  two  parts  that  in  spite  of 
many  well-directed  attempts  have  not  united 
again.  Leo  and  his  son  Constantine  Coprony- 
mus  declared  against  the  worship  of  images  in 
religion  and  encouraged  the  so-called  icon- 
oclasts or  image  breakers  who  did  so  much  to 
disturh  both  religion  and  art  in  the  East  during 
this  century. 

Defeated  in  their  attempts  on  Constantino- 
ple the  Mohammedans  forced  their  way  along 
the  northern  shore  of  Africa,  crossed  the 
Straits  of  Gibraltar  and  succeeded  in  conquer- 
ing Spain.  In  711  they  won  a  great  victory 
over  the  Visigoths  which  made  them  masters 
of  the  country,  and  by  the  end  of  the  first 
quarter  of  the  century  they  had  overrun  the 
peninsula  and  were  crossing  the  Pyrenees  to 
menace  Gaul.  The  Duke  of  Aquitaine  held 
them  in  check  for  a  time,  but  they  defeated  him 
near  Bordeaux  in  732  and  advanced  toward 
Tours.  Between  Tours  and  Poitiers  their  im- 
mense host  was  met  by  Charles  Martel  (the 
Hammer)  and  completely  defeated  in  one  of 
the  decisive  battles  of  history.  There  are  tew 
authentic  details  of  the  battle  though  it  would 
seem  to  have  been,  as  far  as  we  know,  the  con- 
flict with  the  greatest  numbers  engaged  ever 
fought  between  men  at  any  time  in  history  ex- 
cept in  our  present  Great  War.  Charles  Martel 
was  the  mayor  of  the  palace  of  the  western 
Prankish  king.  The  Merovingians  had  ruled 
since  Clovis'  time,  but  weaklings  ascended  the 
throne  and  the  Prime  Minister,  who  was  called 
the  mayor  of  the  palace,  became  the  real  ruler. 
Charles'  son  Pepin,  surnamed  the  Short,  ac- 
quired even  more  power  than  his  father  and 
finally  put  to  the  Pope  the  question  whether  the 
king  should  reign  when  his  power  was  gone, 
received  the  answer  that  it  seemed  better  that 
he  who  had  the  power  in  the  state  should  be 
king,  and  so  Pepin  began  the  Carolingian 
dynasty.  Pepin  was  the  father  of  Charlemagne 
who  was  destined  to  consolidate  France,  con- 
quered the  surrounding  countries,  including  a 
portion  of  Spain  from  the  Moors,  put  down 
the  barbarians  on  the  north  and  acquired 
dominion  over  northern  Italy. 

Charlemagne  is  the  heart  of  the  8th  century. 
The  only  man  in  history  with  whose  name  the 
adjective  great  has  become  so  thoroughly  incor- 
porated that  most  people  think  of  it  as  an 
essential  part  of  his  name,  and  he  thoroughly 
deserves  that  distinction.  At  his  accession 
Charlemagne's  kingdom  was  the  bulwark  of  the 
Christianity  of  the  West.  At  his  death  his 
empire  included  most  of  western  and  southern 
Europe.  Thought  of  usually  as  a  warrior  his 
greatness  is  reflected  much  more  in  his  success- 
ful pursuit  of  a  far-reaching  constnictive  policy. 
He  put  an  end  to  the  process  of  political  dis- 
integration which  had  been  at  work  in  Europe 
since  long  beforr  the  fall  of  the  Roman  Empire, 
and  he  made  it  possible  for  men  to  think  of 


progress  and  civilization  in  place  of  being  con- 
stantly occupied  with  resistance  to  barbarian 
aggression  which  for  three  centuries  had  been 
their  one  preoccupation.  It  was  a  fitting  con- 
summation of  his  work  that  he  was  crowned 
emperor  of  the  Romans  by  the  Pope  at  Rome 
on  Christmas  Eve  of  the  year  800.  It  was  a 
striking  omen  of  the  new  outlook  for  Europe 
when  in  the  first  year  of  the  9th  century  and 
of  the  Imperial  reign  an  embassy  arrived  with 
precious  Oriental  presents  from  the  great  caliph 
of  the  East  whose  name  is  as  well  known  in 
history  and  romance  as  Charlemagne's  own  — 
Haroun  al  Raschid. 

Charlemagne  lives  in  romance  through  his 
expedition  into  Spain,  whither  he  went  to  put 
an  end  to  the  menace  of  the  Moors  to  his  king- 
dom by  attacking  them  in  their  own  stronghold. 
After  some  years  of  war,  begun  at  the  instance 
of  an  embassy  from  Spain,  in  the  year  of  the 
mystical  number  777,  he  succeeded  in  conquer- 
ing all  the  district  north  of  the  Ebro,  and  estab- 
lished there  the  Spanish  March,  a  name  given 
to  outlying  districts  of  his  domain  whose  rule 
was  committed  to  special  officials  called  mar- 
graves, or  counts  of  the  marches,  or  marks, 
from  which  our  word  marquis.  Charlemagne's 
defeat  of  the  Moors  was  the  first  step  in  the 
gradual  expulsion  of  the  Mohammedans  from 
Spain  which  was  not  to  be  accomplished  in  its 
entirety  for  over  700  years.  On  the  return  from 
his  victorious  expedition  to  Spain  the  rear  guard 
of  Charlemagne  s  army  was  attacked  and  cut  to 
pieces  by  the  Basques  in  the  pass  of  Ronccs- 
valles,  in  the  Pyrenees.  The  battle  of  that  name, 
fought  by  Roland  and  his  Paladins  with 
surpassing  courage  to  the  bitter  end,  was  cele- 
brated in  song  and  story  for  many  centuries 
afterward.  The  prodigies  of  valor  there  done 
tinged  even  the  tales  of  chivalry  which  were  to 
occupy  so  much  Spanish  attention  in  the  later 
Middle  Ages  and  whose  influence  was  felt  until 
Cervantes  laughed  the  romances  of  chivalry 
away. 

Charlemagne  lives  in  history  much  more  as  a 
lawgiver,  an  organizer  of  the  civil  functions  of 
his  great  empire  and  of  education  and  oppor- 
tunities for  intellectual  development  than  even 
for  his  success  in  arms.  At  his  invitation  Al- 
cuin,  called  a  Saxon  monk  by  Charlemagne's 
earliest  biographers,  but  claimed  an  Irishman 
(Albinus)  by  many  writers,  was  invited  to 
organize  the  schools  all  over  Charlemagne's 
dominions.  He  was  given  the  powers  of  Im- 
perial Minister  of  Education.  He  well  deserved 
Charlemagne's  confidence.  As  Duruy  says:  "Al- 
cuin  was  truly  a  scholar;  he  was  familiar  with 
Pythagoras;  often  cites  Aristotle,  Homer,  Plato, 
Virgil  and  Pliny,  and  is  one  of  the  most  notice- 
able instances  of  the  union  of  those  elements  so 
difficult  to  harmonize,  the  spirit  of  ancient  lit- 
erature with  the  spirit  of  Christianity."  It  is 
interesting  indeed  to  read  of  his  founding  in 
the  palace  of  Charlemagne  an  academy  in  which 
the  emperor  and  all  his  family  and  all  the 
nobility  at  court  were  members.  In  this  acad- 
emy the  emperor  bore  the  name  of  David, 
Alcuin  took  the  name  of  Flaccus.  while  other 
members  took  such  names  as  Homer.  Plato  and 
Virgil.  We  have  some  300  of  his  Inters  ad- 
dressed by  this  modern  Aristotle  to  the  Alex- 
ander of  the  West. 

Charlemagne's  efforts  for  the  provision  of 
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education  for  his  people  included  women  as 
well  as  men.  His  own  daughters  as  well 
as  those  of  the  nobility  attended  the  Palace 
School,  and  there  are  letters  of  Alcuin  which 
show  that  they  were  deeply  interested  in  the 
intellectual  problems  of  the  time.  The  em- 
peror also  recognized  die  social  obligations  of 
the  ruler  and  ordered  that  there  should  be  hos- 
pitals in  connection  with  all  cathedrals  and 
monasteries.  At  this  time  the  word  hospital 
included  also  refuges  for  the  infirm,  the  old,  the 
deformed  and  defective,  and  even  the  insane 
as  well  as  for  the  homeless  wayfarer. 

In  spite  of  many  vicissitudes,  wars,  political 
disturbance  and  human  incidental  frailties, 
Charlemagne's  work  for  civilization  bore  fruit 
down  the  generations,  though  his  empire  bioke 
up  and  internal  dissensions  arose  mainly 
through  the  custom  of  dividing  the  realm  among 
his  sons  which  Charlemagne  also  followed.  He 
deserves  such  expressions  as  that  of  John 
Fiske :  "When  we  think  of  all  the  work  big 
with  promise  that  went  on  in  those  centuries 
which  modern  writers  in  their  ignorance  used 
once  to  set  apart  and  stigmatize  as  the  Dark 
Age;  .  .  .  when  we  think  of  the  various  work 
of  a  Gregory,  a  Benedict,  a  Boniface,  an  Alfred, 
a  Charlemagne,  we  feel  that  there  is  a  sense 
in  which  the  most  brilliant  achievements  of 
pagan  antiquity  are  dwarfed  in  comparison 
with  these." 

While  Charlemagne  was  reigning  gloriously 
in  Europe  at  the  end  of  the  8th  century  a  ruler 
in  many  ways  scarcely  less  worthy  than  he  and 
equally  famous,  Haroun  Al  Raschid  (Aaron  the 
orthodox),  occupied  the  Eastern  caliphate. 
Haroun  was  the  fifth  of  the  Abasside  caliphs, 
an  accomplished  scholar,  a  poet  of  distinction, 
who  gathered  wits,  poets  and  musicians  around 
him.  It  is  for  this  reason  that  he  is  so  widely 
and  favorably  known  for  it  is  to  the  Arabian 
Nights  rather  than  to  history  that  his  fame 
is  due.  How  much  of  the  real  greatness  of 
his  reign  was  due  to  Yalya,  his  vizier  of 
the  Barmecide  family,  is  difficult  to  say.  Ha- 
roun"s  personal  character  is  revealed  by  his 
murder  of  his  sister  and  his  nephews  when  he 
learned  of  her  marriage  to  the  brother  of  his 
vizier.  While  all  his  life  he  occupied  a  posi- 
tion of  bitter  hostility  to  the  Greek  emperors, 
there  is  a  well-established  tradition  that  he  sent 
presents  to  Charlemagne  and  endeavored  to 
cultivate  his  friendship  though  perhaps  only 
with  the  idea  of  thus  making  less  of  the  rulers 
of  the  Eastern  Empire. 

Europe  had  freed  herself  from  the  danger 
of  Mohammedanism  attacking  from  the  east 
and  South,  but  before  the  end  of  the  century 
was  to  witness  an  invasion  of  almost  more 
serious  nature  from  the  opposite  quarter.  The 
Vikings  or  Norsemen  invaded  Britain  in  the 
last  decade  of  the  century  and  were  to  prove 
a  serious  foe  to  civilization  for  the  next  three 
centuries  in  many  countries  of  Europe.  Bri- 
tain and  Ireland  had  succeeded  in  developing 
education  and  culture,  and  Gaul  had  made  a 
magnificent  beginning  under  Charlemagne,  but 
the  Danes  were  to  prove  a  serious  detriment  and 
obstacle.  Alfred  overcame  them  in  the  next 
century  for  a  time  in  Britain,  hut  the  northern 
coast  of  France  had  to  be  given  over  to  them 
and  they  obtained  a  foothold  in  Sicily  and 
southern  Italy.    They  represent  a  much  more 


serious  impediment  to  the  evolution  of  civiliza- 
tion at  this  time  than  any  internal  factor. 

The  8th  century  was  the  scene  of  the  career 
of  one  of  these  men  who,  forgetting  them- 
selves in  life,  are  never  willingly  forgotten. 
This  was  Boniface,  the  apostle  of  Germany. 
His  name  was  Winfrid  (A.  S.,  "win-peace"), 
and  he  received  the  surname  of  Bonifacius 
from  the  Latin  signifying  "good  face  or  the 
benevolent."  Born  of  noble  parents  in  Devon- 
shire, England,  he  insisted  on  devoting  himself 
to  the  spiritual  and  intellectual  life  in  a  monas- 
tery at  Exeter,  and  when  his  talents  assured 
his  advancement,  he  obtained  permission  to  be- 
come a  missionary  to  the  old  Saxons.  Some 
40  years  were  spent  in  missionary  labors,  and 
Boniface  has  been  in  honor  ever  since  as  the 
apostle  of  civilization  as  well  as  of  Christianity 
to  the  German  people.  Distinction  came  to  him 
unsought  and  Boniface  was  made  a  bishop  and 
subsequently  archbishop  of  Mainz  and  primate 
of  Germany.  Having  solved  some  of  the 
serious  problems  of  ecclesiastical  jurisdiction 
by  his  genius  in  the  management  of  men  as 
well  as  his  kindliness  of  disposition  he  gave 
up  his  archbishopric  to  become  a  missionary 
to  the  Frisians  by  whom  he  was  put  to  death. 
His  letters  which  have  been  preserved  show  us 
the  interests  of  the  time  better,  perhaps,  than 
almost  any  other  set  of  documents  of  the  period 
that  we  possess. 

One  of  the  most  interesting  of  Boniface's 
developments  in  Germany  was  his  invitation  to 
English  nuns  to  help  him  in  his  mission.  He 
recognized  that  the  German  women  still  swayed 
that  influence  in  the  communities  which  has 
been  described  by  Tacitus  and  realized  that 
women  auxiliaries  would  be  of  great  help  on 
the  mission.  Thecla  and  Lioba,  to  whom  the 
title  of  Saints  has  been  accorded,  accepted 
this  invitation  and  exercised  great  influence. 
Boniface's  letters  show  how  thoroughly  he  ap- 
preciated the  nuns  as  intelligent  fellow-laborers 
in  his  apostolate.  The  education  of  the  chil- 
dren of  the  Germans  was  confided  to  them  and 
a  greater  influence  was  thus  brought  to  bear 
on  the  Teuton  women  than  could  otherwise 
have  been  exorcised.  It  was  to  the  rising 
generation  that  Boniface  looked  for  the  exhibi- 
tion of  genuine  Christianity  for  it  had  proved 
extremely  difficult  to  bend  the  savage  natures 
of  the  Germans  to  the  milder  virtues  of  the 
Gospel.  Saint  Thecla  particularly  did  much 
to  organize  the  rising  generation  of  young 
German  women  to  carry  on  her  missionary 
work. 

The  8th  century  is  usually  considered  one 
of  the  low  periods  of  intellectual  life  in  history 
and  yet  it  contains  the  careers  of  three  men 
famous  ever  after  for  their  intellectual  work. 
The  greatest  of  these  is  undoubtedly  the  man 
who,  within  two  generations  of  his  death,  came 
to  bear  the  title  of  Venerable  Bede.  by  which 
he  has  been  known  ever  since.  Something  of 
the  place  that  he  secured  for  himself  in  Chris- 
tian scholarship  will  probably  be  best  appre- 
ciated from  the  fact  that  in  November  1899 
Pope  Leo  XIII  decreed  to  him  the  title  of 
Doctor  of  the  Church.  Bede's  influence  was 
very  great  in  his  own  time,  not  only  in  England 
but  throughout  all  of  western  Europe,  and  in 
spite  of  the  incursions  of  the  Danes  which  dis- 
turbed English  Christianity  and  its  influence  so 
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much,  Bede's  work  came  to  be  widely  known. 
He  has  come  to  be  recognized  as  the  greatest 
scholar  of  his  time  —  a  writer  whose  style 
and  critical  judgment  have  made  him  a  favorite 
author  even  in  modern  times.  With  a  literary 
propriety  seldom  exhibited  in  his  time  he  re- 
ferred all  his  materials  to  their  sources  and 
insisted  on  copyists  giving  all  the  references. 
His  critical,  historical  judgment  has  given  him 
a  distinct  place  among  the  historians.  His 
life  was  a  round  of  study  and  prayer  with  oc- 
casional visits  for  a  few  days  to  friends  and 
is  the  ideal  scholarly  writer's  life  at  all  times. 
The  surprise  is  to  find  it  so  well  exemplified 
in  the  England  of  the  first  half  of  the  8th 
century. 

The  second  of  these  great  scholars,  John 
of  Damascus,  or  Saint  John  Damascene,  also 
had  the  distinction  of  being  enrolled  among 
the  Doctors  of  the  Church  by  Pope  Leo  XIIL 
His  intellectual  distinction  is  that  of  being  the 
first  of  the  scholastic  philosophers  and  his  'De 
fide  orthodoxa'  is  often  hailed  as  the  first  work 
of  scholasticism.  He  undoubtedly  had  a  deep 
influence  upon  the  Arabian  scholars  of  his 
time,  and  their  philosophy  owes  much  to  his 
inspiration  for  they  admired  him  as  much  as 
his  Christian  colleagues.  The  most  important 
of  his  works  is  that  one  known  as  the  'Foun- 
tain of  Wisdom.'  It  has  a  special  significance 
in  the  history  of  theology  because  it  is  the  first 
attempt  at  a  Summa  Theologico  that  has  come 
down  to  us,  though  there  were  to  be  many  such 
in  all  the  centuries  of  the  Middle  Ages  after- 
ward. Damascene's  work  for  the  Church  is 
due  to  Leo  the  Isaurian's  attempt  to  be  head 
of  both  Church  and  state  and  dictate  the  beliefs 
of  his  people  in  the  matter  of  the  veneration  of 
images.  When  Leo  issued  his  first  edict,  John 
was  chief  councillor  of  the  city  of  Damascus 
and  not  a  cleric,  but  he  took  up  the  defense  of 
Church  traditions,  and  then,  recognizing  his  lack 
of  knowledge  for  Christian  apologetics,  he  en- 
tered a  monastery,  gave  himself  to  study  and 
became  the  great  leader  of  the  Christian 
thought  of  the  time.  He  suffered  bitter  pros- 
ecution at  the  hands  of  the  emperor  and  his 
satellites,  but  he  was  vindicated  by  the  Seventh 
General  Council  of  Nice  (787)  and  came  to 
be  known  after  the  Greek  fashion  of  adding 
a  title  of  admiration  as  John  Chrysorrhoas, 
that  is,  "John  of  the  Golden  Stream,"  because 
of  his  golden  flow  of  words  in  defense  of 
Christianity.  Damascene  is  besides  one  of  the 
world's  great  writers  of  hymns,  and  modern 
hymnologists  have  even  spoken  of  him  as  the 
prince  of  Greek  hymnodists.  Three  of  his 
nvmns,  'Those  Eternal  Bowers,'  'Come,  Ye 
Faithful,  Raise  the  Strain*  and  <Tis  The  Day 
of  the  Resurrection,'  are  widely  known  and 
admired  in  their  English  version. 

The  third  of  the  scholars  of  the  8th  century 
whose  name  is  often  still  mentioned  was  Ver- 
gilius,  bishop  of  Salzburg,  who  had  been  an 
Irish  missionary  of  the  name  of  Fergal  or 
Ferghil.  He  was  received  with  great  favor  by 
Pepin,  then  mayor  of  the  palace,  and  his 
talents  and  learning  led  to  his  being  made 
abbott  of  Saint  Peter's  at  Salzburg.  He  was 
deeply  interested  in  mathematics  ana  astronomy 
and  his  teachings  that  there  were  antipodes  led 
to  his  being  tned  in  the  ecclesiastical  courts 
not,  however,  because  of  the  scientific  doctrine, 


l«ut  because  it  was  said  that  this  involved  the 
denial  that  men  had  all  come  from  a  single 
origin.  Vergilius  succeeded  in  showing  that 
his  teaching  was  not  contrary  to  Scripture  and 
it  was  after  this  that  he  was  made  bishop  of 
Salzburg.  He  was  canonized  in  the  13th  cen- 
tury by  Gregory  IX.  There  seems  no  doubt 
that  his  belief  in  the  existence  of  people  on 
the  other  side  of  the  earth  and  that  the  earth 
itself  was  a  sphere  was  due  to  his  knowledge 
of  the  accounts  of  some  of  the  Irish  expeditions 
that  had  probably  found  their  way  in  times  of 
storm  if  not  voluntarily  across  the  Atlantic. 

The  century  closed  with  a  woman,  Irene,  the 
only  woman  who  ever  occupied  the  position  of 
empress,  in  the  fullest  sense  of  the  word, 
Basileus,  in  the  Eastern  Empire.  While  she 
had  taken  a  determined  stand  against  the  Icono- 
clastic party  which  was  disturbing  both  Church 
and  State,  she  is  distinctly  one  of  the  least  worthy 
rulers  of  history.  French  historians  have  not 
hesitated  to  declare  that  she  was  as  given  to 
intrigue  as  Catherine  de  Medici,  and  spared  not 
even  her  own  son  in  her  ambition.  She  schemed 
against  his  marriage  to  Rotrud,  a  daughter 
ot  Charlemagne,  and  forced  him  to  marry 
an  Armenian  totally  unsuitable  to  become  his 
consort.  She  sanctioned  his  bigamy  with  a 
woman  of  the  court  in  the  hope  of  ruining 
his  career,  and  is  even  said  to  have  blinded 
him  before  confining  him  to  prison  where  he 
died.  She  did  not  long  enjoy  the  fruit  of  her 
ambition  (797-802),  but  was  deposed  by  Nice- 
phorus  and  passed  the  end  of  her  life  on  the 
island  of  Lesbos  in  poverty  and  contempt. 

The  Pope  and  the  people  of  Rome  took  ad- 
vantage of  the  accession  of  Irene  as  the  formal 
empress  to  repudiate  the  Eastern  Empire  and 
to  make  a  formal  break  with  Constantinople. 
They  declared  that  a  woman  could  not  be 
Cassar  and  Augustus,  and  thus  the  path  was 
laid  open  for  a  new  era  and  a  Western  Empire. 
Pepin,  as  king  of  France,  had  come  at  the 
request  of  Pope  Stephen  in  to  save  Italy 
from  the  Lombards,  and  was  hailed  as  ruler 
though  he  received  only  the  name  of  patrician 
which  Charles  inherited  from  him.  This  office 
was  changed  to  that  of  emperor,  and  Pope  Leo 
crowned  Charlemagne  as  emperor  in  the  last 
days  of  the  8th  century. 

James  J.  Walsh, 

Author  of  <The  Thirteenth  the  Greatest  of  Cen- 
turies. ' 

PRINCIPAL  F.VENTS  OF  THE  8TH  CENTURY. 
710.  The  S ... 

i  ot  P^pinthe"  major  dotno," 


or  chief  of 
7W.  Boniface  of 

Germany. 
721.  The  Saracens  invade  Prance. 
72fi.  Leo  the  t saurian  interdict*  the  worship  of  image*. 

731.  Bede  the  Anglo-Saxon  scholar  completes  hit  great  work 
'  Historia  Ecclesiastics  Gentis  Anglonim.' 

732.  Charles  Martel  defeats  the  Saracens  at  the  Battle  ot 
Tours,  and  compels  their  retreat  to  Spain,  which  they 
almost  entirely  occupy,  driving  the  Goths  to  the  Asturias, 

737-741.  Charles  Martel,  having  also  subjected  several  Ger- 
man tribes,  becomes  duke  and  prince  of  the  Pranks. 

752.  Pepin  the  Short,  son  of  Charles  Martel,  succeeds  him  and 
is  made  King  of  the  Pranks. 

754.  Conjtantme  V  of  the  Eastern  Empire  suppresses  mon- 
asteries. 

753.  Archbishop  Boniface,  apostle  of  Germany,  is  murdered 
by  pagan  Frisians  at  Dokkum. 

756.  The  Lombards  of  Baltic  origin,  occupying  the  north  of 


Italy,  are  defeated  bv  Pepin,  son  of  Charles  Martel  and 
father  of  Charlemagne. 
Jo*.  Charlemagne  begins  t»  reign  in  Western  Europe. 
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774.  Chark-magTie  conquers  the  Lombard*;  and  Upper  Italy 
is  ruled  by  the  Pranks;  Middle  Italy  by  the  Pope; 
Lower  Italy  by  the  Greek*. 

777.  Charlemagne  invades  Spain. 

77*.  The  battle  of  Roncesvallea. 

782.  Northmen  invasion  of  England  and  massacre  of  the 

Saxons. 

787.  The  Dane*  establish  themselves  in  England. 

794.  Charlemagne  holds  a  great  Council  at  Frankfort. 

795.  Pope  Leo  III  is  acknowledged  first  bishop  of  the  West. 
797.  Irene  begins  her  short  reign  as  Empress  of  the  East. 

EIGHTH  NERVE.   Sec  Auditory  Nerve. 

EIKON  BASILIKE.  i'kon  ba-sil'i-ke  (Gr. 
"the  royal  image*),  a  work  the  full  title  of 
which  is  F.ik-uv  ^uciamij  :  'The  Pourtraicture  of 
His  Sacred  Majostie  in  His  Solitudes  and  Suf- 
ferings.' It  was  published  9  Feb.  1649,  10  days 
after  the  execution  of  Charles  I,  and  within  12 
months  ran  through  50  editions  in  various  lan- 
guages. It  professes  to  be  Charles'  own  com- 
position in  the  form  of  a  diary.  It  is  written 
in  an  affectedly  dignified  strain,  and  contains 
numerous  assertions  of  love  for  his  misguided 
and  ungrateful  people.  At  the  Restoration, 
Gauden,  afterward  bishop  of  Worcester,  laid 
claim  to  the  authorship,  and  a  memorandum  in 
the  copy  of  the  Earl  of  Anglesea,  lord  privy- 
seal  under  Charles  II,  affirms  that  claim  with 
the  authority  of  Charles  II  and  the  Duke  of 
York.  Milton's  answer  to  it,  'Eikonoklastcs' 
(that  is,  "imagebrcaker*')  appeared  the  same 
year  by  order  of  Parliament.  Gauden  professed 
to  have  begun  the  work  in  or  about  the  year 
1647,  and  to  have  submitted  a  MS.  copy  of  it 
to  the  king.  On  the  other  hand,  those  who 
maintain  that  the  work  was  by  Charles,  assert 
that  he  had  written  the  first  six  of  its  28  chap- 
ters before  the  battle  of  N'aseby  (1645).  The 
question  is  one  of  much  complexity.  His- 
torians generally,  from  Lingard  tr  Green,  have 
pronounced  against  Charles;  while  some  of 
those  who  have  sifted  his  claims  are  in  his 
favor.  (See  Gauden,  John).  Consult  Almack, 
'Bibliography  of  the  Kind's  Book'  (18%); 
Doblc.  in  the  'Acadcmv'  (1883);  Scott,  E.  J. 
L.,  *  Comments  in  Edition  of  the  Work'  (1880)  ; 
Wordsworth,  Christopher,  'Who  Wrote  Icon 
Basilike?'  (1824-25);  Tucker,  'On  the  Author 
of  Icon  Basilike'  (Berlin  1874). 

EILDON,  el'don,  HILLS,  three  peaks  be- 
longing to  a  single  mass,  south  of  Melrose,  in 
Roxburghshire,  Scotland.  The  highest  attains  an 
elevation  of  1,385  feet  above  sea-level,  and  all 
command  a  splendid  prospect  and  are  rich  in 
historic  and  legendary  associations. 

EILENBURG,  I'len-boorg,  Germany,  town 
of  Prussian  Saxony,  in  the  government  of 
Merseburg,  mainly  situated  on  an  island  of  the 
Mulde,  14  miles  northwest  of  Leipzig.  It  has 
manufactures  of  calico,  woolen  cloth,  yarn,  dye- 
stuffs,  vehicles,  basketwork,  tobacco,  chemicals, 
celluloid,  beer  and  agricultural  implements. 
Franz  Abt,  the  son*  writer,  and  M  Rinckart, 
the  poet,  were  born  here.  Pop.  17,401.  Consult 
Gundermann,  'Chronik  dcr  Stadt  Eilcnburg' 
(Eilenburg  1879). 

EILETHYIA  (hieroglyph,  Nekheb;  city  of 
Lucina,  now  called  El-Kar).  a  citv  of  ancient 
Egypt,  situated  on  the  right  bank  of  the  Nile,  a 
little  below  Edfu.  The  present  ruins  consist  of 
the  remains  of  small  temples  dedicated  hv  Ram- 
eses  II  to  Ra;  a  Ptolemaic  temple  dedicated  to 
the  eponymous  goddess  Lucina  by  Physcon  or 
Eucrgetes  II.  with  additions  bv  Ptolemy  Alex- 
ander I  and  the  elder  Cleopatra ;  and  an  ancient 


temple  dedicated  by  Amenophis  III  to  the  local 
deities.  The  names  of  other  monarchs  arc  also 
found  in  the  ruins ;  but  the  most  interesting  and 
important  remains  arc  the  rock-tombs,  some  as 
early  as  the  13th  dynasty,  excavated  in  the  hills. 
That  of  Aahmcs,  tnc  "captain  of  the  sailors* 
records  his  services  in  the  wars  of  the  early 
monarchs  of  the  18th  dynasty  against  the 
Hyksos  or  Shepherds,  ana  other  Asiatic  and 
Nigritic  races.  Another,  that  of  Pahir,  is 
decorated  with  rich  and  elaborate  paintings, 
representing  the  pursuits  of  agriculture, 
fowling,  fishing,  etc.  The  city  was  an 
outpost  against  the  southern  tribes,  and  its 
fort,  a  large  enclosure  of  crude  brick,  was  of 
importance  as  early  as  the  Shepherd  War.  The 
goddess  Suben  (Eilethyia  or  Lucina)  was  a 
special  protectress  of  Upper  Egypt  Consult 
Brugsch,  'Reiseberichte>  (Leipzig  1855),  and 
'Egypt  Under  the  Pharaohs';  Wilkinson,  'An- 
cient Egyptians' ;  Mariette,  'Ancient  Egyptian 
History';  Quibell,  «EI  Kab'  (London  1897). 

EIMBECK,  im'bek.  William,  American 
geodesist :  b.  Brunswick,  Germany,  29  Jan.  1841. 
He  was  for  two  years  professor  of  mechanics 
and  engineering,  Washington  University,  and  a 
member  of  the  government  solar  eclipse  expedi- 
tions to  Illinois  1869  and  to  Italy  1870.  After 
1871  he  was  an  assistant  on  the  United  States 
Coast  and  Geodetic  Survey.  He  has  been  a 
Fellow  of  the  American  Association  for  the 
Advancement  of  Science  since  1879,  and  is  the 
inventor  of  the  invariable  reversible  pendulum 
and  the  duplex  base  apparatus  of  coast  and 
geodetic  survey.  His  chief  work  has  been  in 
connection  with  the  western  divisions  of  the 
39th  parallel  triangulation  across  the  continent 

EINBECK,  In'Mk,  or  EIMBECK,  Ger- 
many, town  of  Prussia,  in  the  province  of  Han- 
over, on  the  lime,  near  its  junction  with  the 
Lcine,  40  miles  south  of  Hanover.  In  the 
Alexander-kirchc  are  remarkable  old  choir  stalls, 
a  bronze  baptismal  font  of  exquisite  design  and 
the  tombs  of  the  Prinzcn-Grubcnhagcn.  The 
town  has  vocational  departments  attached  to  its 
school  system  and  maintains  a  school  for  police. 
Belts,  linen,  carpets,  felt,  sugar  and  tobacco  are 
the  principal  articles  of  manufacture.  The 
formerly  celebrated  Eimbecker  bier  ("bock* 
beer)  is  still  made  here.  Einbcck  was  a  place 
of  importance  in  the  15th  century.  It  was  a 
member  of  the  Smalkaldic  League  and  it  figured 
prominently  in  the  Thirty  Years'  and  the  Seven 
Years'  wars.  There  are  still  remains  of  its  old 
walls  and  towers.    Pop.  9,431. 

EINHARD.   See  Ecinharp. 

EINHORN,  in'horn,  David,  American 
rabbi:  b.  Dispeck,  Bavaria.  10  Nov.  1809;  d. 
New  York,  2  Nov.  1870.  His  first  rabbinical 
position  was  at  Hopstadten,  Bavaria,  and  shortly 
afterward  he  became  chief  rabbi  of  the  grand 
duchy  of  Mecklenburg- Schwcrin.  In  1851  he 
was  called  to  Fcsth,  but  his  progressive  tend- 
encies aroused  sharp  opposition  and  his  temple 
was  closed  by  order  of  the  government.  In 
1855  he  was  invited  to  become  rabbi  of  the  Har 
Sinai  Congregation,  of  Baltimore,  Md.  His 
activity  was  now  to  be  rapidly  developed,  for 
he  issued  his  prayt-rhook,  which  was  warmly 
received  by  many  reformed  Jewish  congrega- 
tions, and  he  began  the  publication  of  a  schol- 
arly monthly  magazine  in  German,  entitled 
Sinai,  in   the  interests   of  advanced  reform. 
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His  vigorous  onslaughts  on  slavery  in  1861  led 
to  his  removal  from  Baltimore  to  Philadelphia, 
where  he  became  rabbi  of  the  Kenesseth  Israel 
Temple  and  published  his  catechism.  In  1866 
he  was  elected  rabbi  of  the  Adath  Teshurun 
Temple  in  New  York,  wh-?re  he  continued  a 
zealous,  impassioned  and  scholarly  advocate  of 
reform  and  the  leader  of  the  then  radical  school, 
until  his  retirement  in  July  1879. 

EINSIEDELN,  in'ze  deln,  Switzerland, 
(place  of  the  solitaries  or  hermits),  a  small 
town  in  the  canton  of  Schwyz,  2,895  feet  above 
sea-level  and  26  miles  southeast  of  Zurich,  seat 
of  a  renowned  abbey  of  Benedictine  monks 
since  the  middle  of  the  9th  century.  It  is  a 
famous  resort  of  pilgrims  who  visit  the  place 
in  thousands  to  venerate  an  ancient  miraculous 
image  of  the  Blessed  Virgin.  For  the  accom- 
modation of  the  pilgrims  the  little  town  has 
more  than  50  inns  or  houses  of  entertainment 
Those  pilgrimages  are  made  throughout  the 
year,  but  the  great  annual  pilgrimage  culmi- 
nates on  the  anniversary  of  the  dedication  of 
the  abbey's  church,  14  September.  The  pres- 
ent abbey  is  the  successor  of  four  previous  edi- 
fices which  were  destroyed  by  fire;  it  was 
erected  in  the  first  quarter  of  the  18th  century 
and  is  an  imposing  pile  in  the  Italian  style.  The 
place  was  visited  by  Edward  Gibbon,  the  histo- 
rian, 1755,  who  writes  that  he  was  "astonished 
by  the  profane  ostentation  of  riches  in  the 
poorest  corner  of  Europe;  amidst  a  savage 
scene  of  woods  and  mountains  a  palace  appears 
to  have  been  erected  by  magic  and  it  was 
erected  by  the  potent  magic  of  religion."  The 
abbey  which  Gibbon  then  saw  is  still  in  exist- 
ence and  is  annually  visited  by  more  than  150,- 
000  pilgrims.  It  was  plundered  of  its  vast  treas- 
ure of  silver  and  gold  and  precious  stones  by 
the  French  (1798),  but  it  is  still  very  rich,  es- 
pecially in  literary  monuments,  possessing  a  li- 
brary of  61,000  volumes,  1,190  manuscripts  and 
more  than  1,000  productions  ot  the  printing 
press  in  its  early  period.  The  leading  industry 
is  the  manufacture  and  sale  of  religious  objects, 
statues,  crucifixes,  altar  vessels,  etc.  The  mon- 
astery has  many  historical  and  religious  associa- 
tions ;  a  great  chandelier  was  donated  by  Na- 
poleon III.  The  monastery  was  founded  by 
Mcinrad,  who  built  a  lady  chapel  here  to  house 
the  statue  of  the  Virgin  given  him  by  Hildeuard. 
Pop.  8,438.  Consult  Rinnholtz,  O ,  'Gcschichte 
des  fiirstlichcn  Bcnediktinerstiftcs  EinsiedehV 
(Einsicdcln  1904). 

EISELEN.    i'zc-len,    Wilhelm  Bernard, 

German  gymnast:  b.  Berlin,  27  Sept.  1792;  A 
Misdroy,  22  Aug.  1846.  His  early  studies  be- 
gan in  Berlin  and  he  was  the  pupil  of  the  emi- 
nent gymnast  Jahns.  He  soon  became  promi- 
nent among  the  young  gymnasts  of  Berlin  and 
in  1819  began  to  teach  gymnastics  at  a  school  in 
Berlin.  He  opened  a  fencing  school  in  1825  in 
Berlin  and  a  gymnasium  in  1828,  and  had  a  vast 
number  of  pupils.  The  first  gymnasium  for 
young  girls  was  instituted  by  him  in  1832.  He 
published  many  works  on  gymnastics  and  fenc- 
ing, including  'Deutsche  Tiirnkunst*  (in  col- 
laboration with  Jahn,  1816) :  'Abriss  des 
deutschen  Stossfechtens*  (1826). 

EISENACH,  i'ze-nair.  Germany,  town  in 
the  grand  duchv  of  Saxe-Weimar,  at  the  north- 
west end  of  the  Thurinpian  Forest,  at  the  con- 
fluence of  the  Nesse  with  the  Horscl,  17  miles 
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west  of  Gotha.  The  neighborhood  is  remark- 
ably picturesque,  being  ornamented  with  splen- 
did gardens  and  residences.  In  the  market- 
place there  is  a  monument  to  the  memory  of 
those  from  the  neighborhood  who  fell  in  the 
war  of  1870-71,  and  in  the  Karlsplatz  stands 
the  Luther  memorial,  unveiled  in  1895.  It  con- 
tains many  old  buildings  of  historical  and  archi- 
tectural importance.  Among  the  educational 
institutions  of  Eisenach,  the  most  prominent  is 
the  gymnasium  formerly  a  Latin  school,  which 
Luther  and  Bach  once  attended,  a  school  of 
forestry,  a  school  of  design  and  a  teachers' 
seminary.  It  has  some  well-developed  manu- 
facturing interests  which  comprise  coloring 
materials,  white-lead,  woolens,  beer,  leather, 
pottery,  tobacco,  cigars,  cement  pipe,  alabaster 
ware,  cabinet-work,  lumber,  oil,  machinery,  etc 
The  town  has  many  interesting  historical  as- 
sociations. Luther  was  at  school  here,  and  Se- 
bastian Bach,  to  whom  there  is  a  statue,  was 
born  here.  Near  it  is  the  Warlhurg,  where 
Luther  resided  for  a  time  for  safety.  Eisen- 
ach was  formerly  the  capital  of  a  principality 
of  the  same  name.  Consult  Scheller,  'Eisenach 
und  Umgebung.'  ed.  by  Runner  (Eisenach 
1898).   Pop.  38,362. 

EISENACH  CHURCH  CONFERENCE. 
See  Evangelical  Church  Confekence. 

EISENBERG,  i'zen-berg  Germany,  town 
in  the  province  of  Saxe-Altenburg,  of  great  an- 
tiquity, birthplace  of  the  philosopher  Krause, 
whose  statue  is  set  up  there.  It  is  near  the 
junction  of  the  Saale  and  Elstcr,  36  miles  south- 
west of  Leipzig.  It  possesses  a  famous  castle, 
Christiansburg,  and  is  the  scat  of  many  manu- 
factures, including  woolens,  velvet,  pottery, 
furniture,  pianos,  porcelain  and  agricultural 
machines.  Statues  have  been  erected  to  Bis- 
marck and  to  Duke  Christian  of  Saxe-Eisen- 
berg,  in  addition  to  that  of  the  philosopher  Karl 
Friedrich  Krause.  Pop.  10,749.  Consult  'Chro- 
nik  der  Stadt  und  des  Amtes  Eiscnbcrg* 
(Eisenberg  1843). 

EISENERZ,  fzfn-ertz,  Austria,  mining 
town  in  the  north  of  Styria,  20  miles  northwest 
of  Bruck.  It  stands  in  a  narrow  mountain 
valley  at  the  foot  of  the  Erzbcrg  (5,000  feet), 
a  mountain  so  rich  in  iron  ore  that  the  miners, 
instead  of  cutting  mines  into  it  and  following 
the  metal  in  veins,  quarry  the  rock  from  the 
outside.  About  5,000  miners  are  employed  in 
the  quarries  on  the  mountain  in  summer  and 
2,800  in  winter,  the  annual  output  being  about 
1,000,000  tons,  of  which  about  40  per  cent  is 
metal.  The  Gothic  church  of  Saint  Oswald, 
founded  in  1279,  is  an  cxellent  example  of  the 
fortified  type  of  ecclesiastical  architecture. 
Aragonite  of  the  purest  white,  and  resembling 
coral  branches  in  form,  and  of  the  most  beau- 
tiful white  is  found  in  caves  in  the  mountain. 
Pop.  6.494. 

EISENMENGER,  fzen-meng-er,  August, 
Austrian  fresco  painter:  b.  Vienna,  11  Feb. 
1830.  He  studied  in  the  Vienna  Academy  and 
early  gained  the  first  prize  in  drawing  (1845). 
In  1863  he  was  appointed  teacher  of  drawing 
in  the  Protestant  Real-schulc  of  Vienna.  His 
first  work  of  importance  was  the  fresco  which 
he  executed  in  the  hall  of  the  Society  of  Musi- 
cal Amateurs  (Musik  Freunde).  'Apollo  with 
the  Muses';  but  he  has  painted  manv  notable 
frescoes  in  other  public  buildings.    He  was 
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appointed  professor  of  the  Vienna  Acadctny  in 
1872,  remaining  until  1901,  and  at  the  same 
time  opened  a  private  school  of  fresco  painting. 
His  more  important  works  included  the  frieze 
medallions  in  the  Museum  of  Art  and  Industry, 
Vienna ;  a  series  of  historical  pictures  illustra- 
tive of  the  reign  of  Emperor  Maximilian  I,  in 
Castle  Hornstein,  near  Vienna  (1872-79),  and 
the  decorative  painting  in  the  session  room  of 
the  Chamber  of  Deputies  in  the  Reichsrat 
building  at  Vienna  (1885). 

EISENSTADT,  i'sen-stat.  or  KISMAR- 
TON,  Hungary,  town  in  the  Cotintv  of  Odcn- 
burg,  at  the  foot  of  the  Lcitha  Mountains, 
and  25  miles  southeast  of  Vienna.  It  contains 
the  magnificent  palace  of  Prince  Esterhazy, 
erected  in  1683  and  restored  in  1805.  Fine 
grounds  surround  the  palace,  in  the  library  of 
which  is  housed  a  fine  collection  of  musical 
manuscripts.  Nearby  is  the  pilgrim  shrine  of 
Maria-Einsiedel,  also  the  burial  place  of  the 
composer  Joseph  Haydn.   Pop.  3.073. 

EISLEBEN,  is'la-ben,  Germany,  town  in 
Prussian  Saxony,  18  miles  to  the  west  of  Halle, 
famous  as  the  place  where  Martin  I.uther  was 
born  and  died.  The  royal  gymnasium,  origin- 
ally founded  by  Luther,  was  rebuilt  in  1883. 
The  house  in  which  Luther  died  has  been  re- 
cently restored.  In  1883,  on  the  occasion  of 
the  celebration  of  the  400th  anniversary  of 
Luther's  birth,  a  statue  of  him  was  unveiled 
in  the  market-place.  In  the  church  of  Saint 
Andrew  arc  busts  of  Luther  and  Melanchthon, 
the  tombs  of  the  counts  of  Mansfeld,  and 
Luther's  pulpit.  Other  Lutheran  relics  are  in 
the  church  of  Saints  Peter  and  Paul.  Copper 
and  silver  are  mined  in  the  neighborhood  of 
Eislebcn,  which  has  several  smelters.  A  con- 
siderable trade  in  flower  and  vegetable  seeds 
is  carried  on.  In  the  10th  ccnturv  the  place 
was  called  Islcbin.  Soon  after  the  year  1100 
it  fell  to  the  counts  of  Mansfeld,  in  whose 
possession  it  remained  until  1780,  when  it  was 
given  to  Saxony.  In  1815  it  was  transferred  to 
Prussia.    Pop.  24,629. 

EISTEDDFOD,  i-stet'vdd,  the  name  of  an 
assembly  of  Welsh  bards  for  the  purpose  of 
musical  and  poetical  contests.  They  were  held 
at  different  places  for  the  minstrels  of  their 
respective  neighborhoods ;  two  noted  ones  were 
held  at  Caerwys,  at  Aberfraw  in  Anglesca  and 
at  Mathravel  in  Powys.  The  judges  were  ap- 
pointed by  commissions  from  the  native 
princes,  and,  after  the  conquest,  from  the  Eng- 
lish kings.  The  last  was  issued  in  1568  by 
Queen  Elizabeth,  but  the  ancient  custom  has 
been  again  revived  by  the  Gwyncdigion  and 
Cambrian  societies,  and  annual  meetings  for 
the  recitation  of  prize  poems  and  performances 
on  the  harp  are  now  held  under  the  name  of 
Eisteddfod.  The  Eisteddfod  proper  was  an- 
nounced a  year  and  a  day  beforehand  at  an 
assembly  called  a  gorsedd,  at  which  prizes 
for  the  previous  competition  were  awarded.  At 
the  present  time  yearly  eisteddfods  arc  held 
alternately  in  the  north  and  south  of  Wales, 
and  in  some  parts  of  the  United  States,  es- 
pecially throughout  Pennsylvania,  and  other 
sections  settled  by  the  Welsh  people.  Annual 
meetings  take  place,  in  even,'  way  similar  to 
the  rite  in  their  native  land.  During  the  Co- 
lumbian  Exposition  at  Chicago  probably  the 


most  notable  Eisteddfod  held  in  this  country 
took  place  there. 

EJECTMENT  AND  EVICTION.  Eject- 
ment in  law  is  a  mixed  action,  as  it  is 
resorted  to  in  order  to  recover  the  possession 
of  land  and  damages  for  the  wrongful  with- 
holding of  it,  though  the  damages  arc  nominal. 
Originally,  it  was  a  possessory  action  —  that  is 
adapted  to  the  recovery  of  the  possession  of 
land.  It  ultimately  became  a  convenient  means 
of  testing  the  title  by  a  series  of  fictions.  The 
supposition  was  (and  this  was  the  substance 
of  the  fiction)  that  a  lease  for  a  certain  num- 
ber of  years  had  heen  made  to  a  tenant,  "John 
Doe,"  who  had  entered  into  possession  and  had 
been  ejected  by  a  person  supposed  to  represent 
the  party  to  be  finally  made  defendant.  This 
person  was  called  "a  casual  ejector,*"  and  was 
usually  represented  as  "Richard  Roe."  An 
action  was  then  brought,  substantially  under 
the  following  title:  "Doe,  as  tenant  of  Ed- 
wards (claiming  the  land),  against  Roe"  A 
written  notice  was  thereupon  sent  in  the  name 
of  Roe  by  Edwards'  attorney  to  the  opposing 
claimant  (Jones),  who  is  the  person  in  pos- 
session. By  this  notice  Jones  was  advised  to 
defend  the  action,  otherwise  Roc  would  permit 
judgment  to  be  taken  against  him,  and  the 
possession  would  be  lost.  Jones,  on  making 
application  to  be  made  defendant,  was  allowed 
to  defend  on  condition  that  he  would  admit  the 
validity  of  the  fictitious  portion  of  these  pro- 
ceedings, so  that  the  matter  was  narrowed 
down  to  a  trial  of  the  merits  of  the  case.  The 
action  was  now  deemed  to  be  between  Ed- 
wards and  Jones,  although  Doc  still  remained 
plaintiff  on  the  records  of  the  court.  It  was 
a  rule  in  this  action  that  the  plaintiff  can  only 
recover  upon  a  legal  title,  as  distinguished 
from  a  title  in  a  court  of  equity.  He  can  suc- 
ceed upon  the  strength  of  his  own  title,  and  of 
its  validity,  and  not  upon  the  weakness  of  that 
of  his  adversary.  He  must  also  have  a  right 
of  entry.  Wliere  that  docs  not  exist  another 
form  of  action  must  be  resorted  to.  This 
method  of  procedure  was  defective  in  one  par- 
ticular.   Any  number  of  successive  actions  of 

Sectment  could  be  brought  by  the  plaintiff, 
though  he  had  been  defeated.  The  onlv 
check  upon  actions  of  this  kind  was  a  resort 
to  a  court  of  equity  for  an  injunction  to  pre- 
vent harassing  litigation.  In  England  the  fic- 
titious portion  of  the  proceeding  was  abolished 
by  the  Common  Law  Procedure  Act  of  1852, 
and  the  action  placed  upon  satisfactory- 
grounds.  In  New  York  and  some  other  States 
the  same  result  had  been  accomplished  as  early 
as  1830.  In  1875  the  law  in  England  was  modi- 
fied to  the  extent  of  making  an  action  for  the 
recovery  <>f  land  similar  to  other  actions,  all 
of  which  were  simplified  to  conform  to  a  unified 
plan.  This  legislation  was  copied  by  many  States 
of  the  Union,  but  in  many  jurisdictions  the 
ancient  forms  survive.  In  general,  it  may  be 
stated  that  an  ejectment  action  may  be  brought 
ly  any  pen-on  having  a  legal  right  to  possession, 
whatever  lie  the  character  of  nis  interest  in  it 
against  any  person  or  persons  who  wrongfully 
bold  it  against  one  having  an  estate  therein. 
Title  must  be  proven  by  the  plaintiff.  Substan- 
tial damages  to  the  phuntiff  arc  now  allowed  in 
most  jurisdictions.  Consult  Blackstone,  'Com- 
mentaries on  the  Laws  of  England' ;  Stephen, 
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<New  Commentaries'  (1903);  Powell.  'The 
Law  of  Fjectmcnt'  (1911). 

Eviction. —  Depriving  a  person  of  his  lands 
or  tenements.  Technically,  the  dispossession 
must  be  by  judgment  of  law;  if  otherwise  it  is 
an  ouster.  Eviction  may  be  total  or  partial. 
Total  eviction  takes  place  when  the  possessor 
is  entirely  deprived  of  his  rights  in  the  prem- 
ises. Partial  eviction  takes  place  when  the 
possessor  is  deprived  of  only  a  portion  of  them, 
as  if  a  third  person  comes  in  and  ejects  him 
from  a  portion  of  his  land,  or  establishes  a 
right  to  some  easement  over  it,  by  an  older 
title  than  that  under  which  he  holds.  See 
Dispossess. 

EKATERINBURG,  e-ka"te-ren-boorg',  or 
IEKATERINBURG,  Russia,  town,  in  the 
government  and  170  miles  southeast  of  Perm, 
on  the  east  side,  and  in  the  mining  district  of 
the  Ural  Mountains.  It  was  founded  in  1723 
by  Peter  the  Great  and  was  named  after  Em- 
press Catharine  L  It  has  a  mint,  arsenal,  cus- 
tom-house, mining- school,  hospital,  meteoro- 
logical observatory  and  botanic  garden.  The 
art  of  cutting,  polishing  and  engraving  gems, 
which  are  found  in  the  neighboring  mountains, 
is  here  carried  to  great  perfection,  and,  to- 
gether with  mining  and  metallurgy,  and  a 
commerce  in  cattle  and  cutlery  forms  the  chief 
occupation  of  the  inhabitants.  In  the  neighbor- 
hood are  several  platinum  mines  and  also  the 
famous  gold  mines  of  Beresov  and  Niviansk. 
Pop.  52.230. 

EL  BRACITO  (N.  M).  Battle  of  (Doni- 
phan's name  Brazito,  Mexican  Temascautos), 
24  Dec.  1846,  in  the  Mexican  War.  Colonel 
Doniphan,  marching  from  California  to  Chi- 
huahua, was  assailed  at  a  bend  of  the  Rio 
Grande,  some  25  miles  from  El  Paso,  by  a  bat- 
talion of  Mexicans  under  Antonio  Ponce.  The 
Mexicans  fired  at  long  range  as  they  charged; 
the  Americans  waited  till  they  came  close,  then 
broke  them  with  a  destructive  volley,  and  a 
company  of  20  horse  scattered  their  cavalry, 
which  fled  to  the  mountains.  American  loss,  7 
wounded;  Mexicans,  43  killed  and  150 
wounded. 

EL  BURLADOR  DE  SEVILLA.  Tirso 
de  Molina's  drama,  'El  Burlador  de  Sevilla 
y  Convidado  de  Piedra'  ('The  Gay  Scoffer  of 
Seville  and  Feast  of  the  Statue'),  is  the  parent 
source  in  literature  of  the  famous  legend  of 
Don  Juan  Tenorio,  the  unscrupulous  gallant 
and  blasphemer,  subsequently  presented  vari- 
ously by  Moliere  and  Byron  as  Don  Juan,  by 
Mozart  as  Don  Giovanni,  and,  in  Spain  itself 
at  a  more  recent  date,  by  Jose  Zorilla  as  Don 
Juan  Tenorio  in  the  most  popular  of  all  Spanish 
plays.  Few  characters  in  the  history  of  letters 
have  attracted  the  attention  of  so  many  writ- 
ers of  genius,  or  have  been  reproduced  so 
universally  and  in  such  multiplicity  of  styles. 
In  itself,  however,  Tirso's  play  is  a  structure- 
less aggregation  of  amorous  adventures,  in  the 
course  of  which  the  hero  seduces  a  Neapolitan 
lady,  a  fisher-girl,  a  young  peasant,  and,  by  a 
base  deception,  Dona  Ana  de  Ulloa,  whose 
father  he  slays.  The  blasphemous  feast  which 
follows,  at  which  the  statue  of  the  Commander 
Don  Gonzalo  de  Ulloa  dines  with  Don  Juan, 
dragging  him  down  afterward  with  the  tomb 
from  which  it  has  descended  and  the  chapel 
containing  it  to  perdition,  is  wholly  distinct 
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from  the  other  episodes,  which  Tirso  conceives 
after  the  manner  of  the  chronicle  play  in  a 
succession  of  loosely  related  incidents,  without  -  • 
regard  either  to  consistency  of  character  or  to 
dramatic  action.  His  Don  Juan  is  a  mere  vul- 
gar seducer,  by  after-thought  a  blasphemer, 
whose  overthrow  does  not  rise  above  the 
sphere  of  melodrama.  Although  Tirso  must 
be  held  to  rank  with  Lope  de  Vega  and  Cal- 
deron  at  the  head  of  the  Spanish  romantic 
theatre,  even  the  pastoral  elements  in  this  play 
are  devoid  of  picturesqueness  and  lack  the 
author's  customary  mellowness  and  sober  im- 
aginative charm.  The  story  had  been  utilized 
previously  by  Juan  de  Cueva.  While  of  un- 
certain origin,  prevailing  Spanish  authority 
traces  it  to  Seville,  where  Don  Juan  Tenorio 
is  said  to  have  died  at  the  foot  of  the  statue 
of  the  Commander,  whom  he  had  killed,  as  in 
the  play.  The  Feast  of  the  Statue  is  derived 
from  independent  sources.  The  play  was  first 
printed  in  1630,  but  has  never  been  translated 
into  English.  Consult  Cotarclo  y  Mori,  E.,  in 
his  introduction  to  the  'Obras  de  Tirso  de 
Molina'  (in  the  Nueva  Biblioteca  de  Autores 
Espafioles.  Vols.  IV  and  IX.  Madrid  1906-07^ ; 
Menendez  Pidal.  R_,  'Sobre  los  origenes  de  El 
Convidado  de  piedra'  (in  Culturo  Espaiiola, 
Madrid.  May  1906). 

John  Garrett  Underbill. 

EL  CANEY,  ?1  ka'na.  Cuba,  town,  on  the 
main  road,  four  miles  northeast  of  Santiago  de 
Cuba.  During  the  Spanish- American  War  it 
was  the  scene  of  a  battle  between  525  Spaniards 
under  General  Vara  del  Rey,  and  4,400  Ameri- 
cans under  General  Lawton.  The  Spaniards 
made  a  desperate  resistance,  but  were  finally 
overcome  by  the  American  infantry.  The 
Spaniards  lost  320,  and  100  were  taken  pris- 
oners; the  Americans  lost  440.  This  battle  oc- 
curred 1  July  1898.  In  1901  the  United  States 
government  purchased  the  battlefield  and  ap- 
proaches for  a  public  reservation.  Sec  United 
States  —  Spanish-Amfrican  War. 

EL  DORADO.   See  Eldorado. 

EL  DORADO,  Ark.,  city  and  county-seat 
of  Union  County,  30  miles  southeast  of  Camden, 
on  the  Chicago,  Rock  Island  and  Pacific,  the  El 
Dorado  and  Wesson,  and  the  Saint  Louis,  Iron 
Mountain  and  Southern  railroads.  It  has  cot- 
ton oil  and  planing  mills,  railroad  repair  shops, 
an  iron  foundry  and  bottling  works.  It  contains 
also  a  courthouse  and  a  county  jail.  In  1908  it 
was  chartered  as  a  city.  The  surrounding  dis- 
trict is  devoted  to  cotton  and  peach  growing. 
Pop.  4,202. 

EL  DORADO,  Kan.,  city,  county-scat  of 
Butler  County ;  on  the  Walnut  River ;  the  Atchi- 
son, Topeka  and  Santa  Fe,  the  Missouri  Pa- 
cific, and  other  railroads;  about  25  miles  east  of 
Wichita.  The  city  is  situated  in  a  rich  agricul- 
tural region,  and  its  principal  trade  is  in  grain, 
livestock  and  farm  and  dairy  products.  The 
city  has  machine  shops,  wagon  works  and 
quarries  of  limestone.  It  was  settled  in  1858 
and  was  first  incorporated  in  1870.  The  city 
has  a  Carnegie  library,  and  the  water  supply 
system  is  the  property  of  the  municipality. 
Pop.  3,129. 

EL  GRAN  GALEOTO.  Jose  Echejjaray's 
•The  Great  Galcoto,'  certainly  the  most  famous 
Spanish  play  of  the  l°th  century-  beyond  the 
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limits  of  Spain,  and  the  work  upon  which  the 
international  reputation  of  its  author  is  founded, 
is  an  exceedingly  effective  example  of  the  tra- 
ditional Calderonian  drama  of  jealousy,  in 
which  the  honor  of  the  husband  is  attacked  by 
a  peculiarly  insidious  enemy.  Gossip  here  be- 
comes the  Galeoto,  or  go-between,  which  unites 
the  lovers,  the  use  or  the  title  having  been 
suggested  by  its  appearance  in  the  episode  of 
Francesca  in  the  fifth  canto  of  Dante's  'In- 
ferno,' where  it  has  reference  to  the  relations 
of  Galahad  (Galeoto)  with  Lancelot  and  Guine- 
vere. Echegaray  is  an  adept  in  stage  effect,  yei 
his  drama  is  never  deficient  in  a  certain  weight 
and  dignity  which,  when  tempered  with  re- 
straint as  in  this  play,  impart  to  his  fervid 
emotionalism  a  distinction  uncommon  in  the 
theatre  of  his  time.  These  qualities,  together 
with  a  faculty  for  realistic  detail,  have  led 
foreign  critics  to  regard  him  as  a  psychologist, 
and  the  play  as  a  study  of  the  effects  of  gossip 
on  the  lives  of  innocent  persons,  who  arc  in- 
fluenced by  its  suggestions  to  their  ultimate 
ruin.  From  this  point  of  view,  however,  the 
work  is  curiously  incomplete  and  unsatisfying; 
in  Spain  it  has  been  recognized  since  its  appear- 
ance in  1881,  as  an  excellent  stage  play,  which 
conforms  only  superficially  to  the  canons  of 
Ibscni&m.  The  mediocre  verse  of  the  original 
has  diminished  its  popularity  and  importance 
of  late  years  upon  the  Spanish-speaking  stage. 

The  best  English  translation  is  that  by 
Eleanor  Bontecou,  included  in  'Masterpieces  of 
Modern  Spanish  Drama'  (New  York  1917). 
Other  versions  are  by  Hannah  Lynch  (Lon- 
don 1895),  and  by  Jacob  S.  Fassett,  Jr.,  (Bos- 
ton 1914).  'The  World  and  His  Wife,'  a  free 
adaptation  made  through  the  German,  has  been 
played  widely  throughout  England  and  the 
United  States.  For  criticism  of  Echegaray, 
consult  Bueno,  Manuel.  'Teatro  Espanol  con- 
temporaneo,  (Madrid  1909). 

John  Garrett  Underhill. 

EL-KHARGEH.   Sec  Kharoeh. 

EL  PASO,  el  pi'so,  Texas,  city,  port  of 
entry  and  county-scat  of  El  Paso  County;  on 
the  Rio  Grande,  the  Atchison,  Topeka  and 
Santa  Fe,  the  Texas  and  Pacific,  the  Rock 
Island.  Southern  Pacific  and  other  railways;  on 
the  Rio  Grande  River  in  the  extreme  western 
part  of  the  State.  It  is  opposite  Ciudad 
Juarez,  Mexico,  the  north  terminus  of  the  Mex- 
ican Central  Railway.  El  Paso  is  about  mid- 
way between  the  tide  water  of  the  Atlantic 
(Gulf  of  Mexico)  and  the  Pacific  oceans,  about 
3.800  fect  above  sea-level  and  is  central  to  the 
rich  tributary  regions  of  western  Texas,  New 
Mexico,  Arizona  and  the  northern  section  of 
old  Mexico;  it  is  600  miles  from  any  railroad 
centre  that  may  compete  with  it.  It  is  the  cen- 
tre of  a  rich  fruit  and  vegetable  growing  region, 
the  peat  Elephant  Butte  Dam  (u.v.),  costing 
nearly  $10,000,000,  furnishing  ample  water  for 
irrigation.  By  it  200,000  acres  are  reclaimed. 
El  Paso's  uncqualed  railway  facilities,  the 
proximity  in  New  Mexico  of  inexhaustible  sup- 
plies of  fuel  coal  and  the  demand  for  supplies 
and  machinery  from  the  mines,  ranches  and 
growing  towns  of  its  neighborhood  make  it  one 
of  the  most  important  manufacturing  cities  of 
the  Southwest.  Its  most  important  industry  is 
smelting  the  valuable  ores  of  the  neighboring 
region.    The  El  Paso  smelters  have  a  capacity 


of  about  40,000  tons  of  ore  a  month.  The 
monthly  payment  to  miners  for  .ores  brought 
in  averages  nearly  $2,000,000,  a  large  part  of 
which  finds  its  way  into  the  stores  and  fac- 
tories of  the  city;  the  monthly  pay-roll  of  the 
smelters  and  other  manufactories  and  the  rail- 
ways centering  in  the  city  is  nearly  $300,000; 
and  these  together  give  to  the  financial  inter- 
ests a  stability  that  is  little  affected  by  condi- 
tions in  other  parts  of  the  country.  It  has  one 
of  the  largest  custom  smelters  in  the  world, 
giving  employment  to  from  2,500  to  3,000. 
Other  industrial  establishments  are  a  wood- 
finishing  and  box  factory,  foundries  and  ma- 
chine shops,  cement  plant,  railroad  repair  shops, 
brick  and  tile  works,  sash  and  door,  macaroni 
and  ciijar  factories,  brass  works  and  flour  mills. 
The  United  States  Census  of  Manufactures  for 
1914  showed  within  the  city  limits  117  indus- 
trial establishments  of  factory  grade,  employ- 
ing 2,815  persons,  2,347  being  wage-earners,  re- 
ceiving annually  $1,663,000  in  wages.  The  capi- 
tal invested  aggregated  $8,666,000  and  the  year's 
output  was  valued  at  $6,135,000;  of  this,  $3,262,- 
000  was  the  value  added  by  manufacture.  Many 
eastern  manufacturers,  especially  of  machinery', 
have  large  warehouses  here.  The  city  carries 
on  an  extensive  trade  in  copper,  silver  and  lead, 
machinery,  livestock,  wool  and  hides  and  las 
important  wholesale  and  jobbing  interests.  El 
Paso  has  10  national  banks,  with  resources 
amounting  to  over  $27/360,719,  and  deposits 
over  $22,660,485,  as  contrasted  with  $1,500,000 
and  $750,000  respectively  30  years  ago.  El  Paso 
is  pre-eminently  a  city  of  homes.  The  streets 
arc  lighted  by  gas  and  electricity,  and  a  well- 
planned  electric  street- railway  system  places  all 
parts  of  the  city  within  easy  reach  of  the  busi- 
ness section.  The  more  notable  buildings  are 
the  Federal  building,  county  courthouse,  city 
hall,  post-office,  high  school,  the  State  School 
of  Mines,  Fort  Bliss,  Carnegie  library,  Knights 
of  Columbus  Home,  Masonic  Temple.  There 
are  13  public  parks.  The  city  has  several  pub- 
lic schools  and  parochial  (Roman  Catholic) 
schools,  a  business  college,  and  is  the  scat  of 
the  Saint  Joseph's  Academy  and  of  the  Rio 
Grande  Congregational  Training  School  and 
Theological  Seminary.  There  are  several 
handsome  churches  and  two  well-equipped  hos- 
pitals. El  Paso  is  a  noted  health  resort,  hav- 
ing many  excellent  hotels,  some  of  which  arc 
open  during  the  entire  year.  The  assessed  valu- 
ation in  1916  amounted  to  $48,736,645.  There 
are  within  the  city  limits  nearly  60  miles  of 
asphalt  streets,  82  miles  of  concrete  sidewalks 
and  97  miles  of  sewers.  The  city  adopted  the 
commission  form  of  government  in  1007.  Its 
receipts  amount  annually  to  about  $2,000,000, 
while  its  payments  reach  about  $1,800,000  The 
waterworks  system,  costing  $1,500,000,  is 
owned  by  the  city.  The  Spanish  explorers  vis- 
ited the  site  at  an  rarlv  time.  The  first  settle- 
ment was  made  in  1827,  and  the  town  incorpo- 
rated in  1869.  During  the  Civil  War  it  was 
occupied  alternately  l>y  Federal  and  Confederate 
troops  and  for  a  time  was  the  base  for  opera- 
tions against  New  Mexico  and  Arizona.  The 
present  charter  dates  from  1889  with  revisions 
of  1891  and  1°07.  EI  Paso  has  grown  more 
rapidly  than  any  other  city  in  Texas  or  the 
Southwest.  The  city  has  had  no  boom,  its  in- 
crease being  hcalrhv  and  substantial,  and  in  ac- 
cordance with  the  demands  of  commerce  and 
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the  development  of  the  natural  resources  of  the 
country  tributary  to  the  city.  The  total  imports 
in  191a  had  an  appraised  value  of  $9,149,410,  of 
which  cotton,  cattle,  copper,  silver,  zinc  and 
lumber  formed  the  principal  items  imported. 
Exports  were  valued  in  1915  at  $6,146,655,  of 
which  coal  and  coke,  shoes,  bleached  cotton  and 
cotton  prints  comprised  the  bulk.   Pop.  70,700. 

EL  RENO,  Okla.,  city  and  county-seat  of 
Canadian  County;  on  the  Rock  Island  Lines, 


Saint  Louis,  £1  Reno  and  Western  Railway, 
and  also  for  Oklahoma  Railway  Company  — 
Interurban.  Near  the  geographical  centre  of 
State,  it  exploits  a  rich  agricultural  district  pro- 
ducing alfalfa,  corn,  karhr,  wheat,  oats,  broom 
corn,  fruits  and  vegetables.  The  industries  of 
the  city  are  varied  and  growing  rapidly.  They 
include  five  lumber  yards,  two  flour  mills 
(daily  capacity  3,000  bbls.),  vitrified  brick  and 
tile  factory,  two  ice  plants,  incubator  factory, 
washing  machine  factory,  broom  factory,  cigar 
factories,  foundries,  machine  shops,  tent  and 
awning  factory,  granite  and  stone  works,  plan- 
ing mill,  gas  and  electric  plants,  ice  cream  fac- 
tory, steam  laundry,  wholesale  groceries,  etc 
El  Reno  has  15  churches  and  7  public  schools, 
the  new  High  School  costing  $100,000;  school 
enrolment  of  1,600  and  a  teaching  force  of  45. 
The  Sacred  Heart  Institute  (Catholic)  has  an 
enrolment  of  200,  with  graded,  high  school 
and  music  courses.  There  is  also  a  business  col- 
lege, Carnegie  Library  and  two  hospitals.  The 
Masons  and  Elks  possess  fine  buildings  and  the 
El  Reno  theatre  has  a  seating  capacity  of  1,400. 
The  new  office  building  of  the  Rock  Island 
system  cost  $150,000,  and  the  city  hall  cost 
$50,000.  New  Federal  building  cost  $120,000. 
The  El  Reno  Country  Gub  has  a  fine  club- 
house and  maintains  one  of  the  finest  golf 
courses  in  the  State.  The  Grand  Lodge 
Masons  maintain  the  State  Masonic  Home  at 
this  point,  owning  640  acres  which  the  United 
States  government  sold  to  that  body  recently; 
fine  buildings  already  built  and  plans  for  one 
of  the  finest  homes  in  the  country  are  being 
laid.  Old  Fort  Reno,  nearby,  has  been  con- 
verted into  a  remount  station,  where  horses  are 
gentled  and  trained  for  cavalry  purposes  for 
use  in  United  States  Army.  In  1911  El  Reno 
adopted  the  commission  form  of  government, 
the  executives  being  commissioner  of  public 
affairs  —  ex-officio  mayor,  commissioner  of 
finance  and  commissioner  of  highways.  The 
city  owns  its  own  water  plant  and  extensions, 
with  a  capacity  of  1,500,000  gallons  daily,  has 
10  miles  of  paved  streets  and  15  miles  of 
sewers.  The  taxable  valuation  is  about  $7,000,- 
000.  The  city  has  four  banks,  with  a  capital 
and  surplus  of  $175,000  and  average  deposits  of 
$1,500,000.  It  was  first  settled  in  18°0.  made  a 
borough  the  same  year  and  a  city  of  the  first 
class  in  1892.  The  population  has  increased  very 
fast,  being  now  over  10,000. 

EL  SABIO,  Alfonso  X,  king  of  Leon  and 
Castilla:  b.  23  Nov.  1221 ;  d.  21  April  1284.  He 
was  the  son  of  Ferdinand  III  and  Beatrix, 
daughter  of  Philip  of  Suabia  and  sister  of  Fred- 
erick II  of  Germany.  Most  carefully  educated, 
he  succeeded  his  father  to  the  throne  in  1252, 
bringing  with  him  to  his  administrative  tasks  the 


reputation  of  successes  gained  in  several  cam- 
paigns against  the  Mohammedans.  His  reign 
was  cursed  with  insurrection*  led  bv  Doweriul 
nobles,  financial  troubles  and  warlike  move- 
ments on  the  part  of  the  Mohammedans.  On 
the  death  of  William  of  Holland,  emperor  of 
Germany,  Alfonso  laid  claim  to  the  throne  as 
the  direct  heir.  He  was  opposed  in  this  by 
most  of  the  nobles  of  Germany  and  by  the  Pope. 
Nevertheless  he  maintained  the  struggle  against 
superior  powers  for  18  years.  In  this  struggle 
he  was  often  opposed  by  some  of  the  most 
powerful  ruling  dukes  of  Spain.  Notwith- 
standing all  his  reverses  he  fought  stubbornly 
on,  claiming  for  himself  the  ancient  title  of 
king  of  the  Romans;  and  signing  his  official 
documents  with  the  great  seal  belonging  to  that 
dignity.  He  made  ready  several  times  to  in- 
vade Italy  and  Germany,  but  trouble  at  home 
withheld  his  arm  when  he  was  ready  to  strike. 
Finally  the  united  efforts  of  his  powerful  ene- 
mies and  the  threat  of  the  Pope  to  excommu- 
nicate him,  combined  with  ever-increasing 
trouble  at  home,  forced  Alfonso,  in  1275,  to  re- 
nounce his  claims  upon  the  ancient  throne  of 
the  Romans.  The  opposition  of  the  successive 
popes  to  the  claims  of  Alfonso  on  the  crown  of 
Germany  was  due  to  the  fact  that  he  was  the 
representative  of  the  Suabian  princes,  long  the 
bitter  and  uncompromising  enemies  of  the 
papacy.  Alfonso  was  the  more  inclined  to 
make  peace  with  his  enemies  abroad  in  1275  be- 
cause of  the  increased  trouble  which  the  Mo- 
hammedans were  giving  him  at  home.  In  Gra- 
nada, Murcia,  Andalucia.  Algarve  and  all  the 
populous  centres  from  Murcia  to  Jerez  the 
Moors  rose  up  against  the  Christian  king  in  an 
effort  to  drive  Christianity  out  of  Spain.  Al- 
fonso besieged  and  captured  Jerez,  Medina- 
Sidonia,  Rota,  Santucar,  Lebrija  and  Arcos: 
and  the  Castile  fleet,  under  the  command  ox 
Don  luan  Garcia  de  Villamayor,  took  Cadiz. 
In  1264  Jaime  of  Arag6n  came  to  the  aid  of  Al- 
fonso. The  former  captured  the  province  of 
Murcia  while  Alfonso  carried  on  the  war 
against  Andalucia.  These  constant  wars  and 
the  struggle  against  Italy  and  Germany  forced 
the  king  to  increase  the  taxes.  This  estranged 
many  of  the  nobles  upon  whom  fell  this  burden 
of  increased  taxation;  and  Alfonso  was  forced 
to  make  concessions  to  his  underlords  which 
gave  them  great  facilities  for  the  oppression  of 
their  tenants.  Thus  the  king  ultimately  lost  the 
goodwill  of  nobles  and  peasants  alike.  The 
former,  deserting  the  Castilian  king,  joined 
hands  with  the  Moorish  sovereigns  of  Granada, 
Mahomed  I  and  Mahomed  II.  The  treaty  of 
peace  with  the  Pope  and  with  Germany  in  1275, 
however,  strengthened  Alfonso  and  enabled  him 
to  make  temporary  terms  with  his  insurgent 
nobles.  Alfonso  departed  for  Rome  (1275)  for 
an  interview  with  the  Pope,  leaving  the  cares 
of  his  kingdom  in  charge  of  his  eldest  son, 
Prince  Fernando  de  la  Cerda.  The  latter  sent 
an  army  unter  Nufio  Gonzalez  de  Lara  into 
Cordoba.  There  the  invading  forces  met  with 
considerable  success  at  first;  but  in  a  short 
while  they  were  surrounded  by  a  greatly  supe- 
rior Moorish  force  and  defeated  with  heavy 
loss,  among  the  dead  being  Nufio  and  over 
400  of  his  bodyguard.  The  survivors  took 
refuge  in  the  town  of  Ecipa  (May  1275). 
The  regent  died  in  July  while  on  his 
way  to  the  relief  of  the  besieged  Castilian 
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forces;  and  Sancno,  second  son  of  King  Al- 
fonso, a  boy  of  18,  at  once  took  charge  of  the 
expeditionary  force  which  he  managed  with 
considerable  skill.  Alfonso,  on  his  return  from 
Italy,  made  a  two  years'  peace  with  the  Moors, 
on  the  conclusion  of  which  the  latter  again 
made  an  attempt  to  conquer  the  Christian  pos- 
sessions in  Spain.  Don  Sancho  led  an  army 
into  Granada  where  he  fell  into  an  ambuscade 
and  suffered  defeat,  losing  over  3,000  of  his  fin- 
est knights.  Sancho  continued  with  the  remain- 
der of  his  forces  on  into  the  heart  of  Granada, 
burning  villages  and  towns  and  laying  waste  the 
country  he  traversed.  But  the  Castilians  were 
forced  to  retreat  to  Cordoba  (1281).  The  fol- 
lowing year  Alfonso  and  Sancho  quarreled  over 
the  succession  to  the  throne  and  the  son  de- 
clared himself  in  open  insurrection  against  the 
father.  Sancho  stirred  up  the  towns  of  the 
country  against  the  king  and  even  sought  the 
aid  of  the  enemies  of  Christian  Spain.  But  the 
Pope  threw  his  influence  in  favor  of  Alfonso 
and  most  of  the  nobles,  obeying  the  spiritual 
head  of  the  Church,  returned  to  their  alle- 
giance (1282).  Alfonso  disinherited  his  son  and 
carried  the  war  on  with  the  aid  of  Yacub,  ruler 
of  Morocco.  The  insurrection  lost  ground 
rapidly,  but  just  as  everything  was  turning  in 
his  favor  Alfonso  died. 

Alfonso  the  Wise  occupies  a  prominent  place 
in  Spanish  history  as  a  legislator.  He  gave 
uniformity  to  the  laws  of  his  united  kingdom, 
which  were,  on  his  coming  to  the  throne,  a  con- 
fused mass  of  privileges  and  local  observances, 
often  at  variance  with  one  another,  and  fre- 
quently subversive  of  the  order  of  the  nation. 
Out  of  this  confused  mass  of  privileges  and 
local  laws  he  succeeded  in  creating  a  certain 
uniformity  of  legal  observances  whose  influ- 
ences were  felt  in  Spain  for  centuries.  He 
wrote  the  'Scptenario,'  a  work  wonderful  in 
its  day  and  for  the  political  conditions  under 
which  it  appeared.  This  is  a  sort  of  political, 
moral  ana  religious  compilation  which  has 
served  as  the  basis  of  numerous  legal  works 
which  have  developed  the  law  of  Spain.  In 
this  and  other  works  of  a  like  nature  Alfonso 
shows  an  intuition  of  the  spirit  of  law  and  a 
knowledge  far  ahead  of  his  time.  His  'Libro 
del  Especulo  6  Espcjo  dc  todos  los  dcrechos' 
and  'Hiero  Real*  are  works  scarcely  less  not- 
able than  the  'Septenario.'  They  were  the  re- 
sult of  much  thought  and  investigation.  They 
both  appeared  together  in  125S.  The  <Libro 
del  Especulo'  (Book  of  Laws)  is  a  summing 
up  of  what  appeared  to  Alfonso  to  be  the  most 
just  statutes  or  custom  laws  of  Leon  and  Castile, 
and  they  were  compiled  to  be  used  in  adjudging 
all  cases  brought  before  the  king's  court.  The 
'Fuero  Real*  (royal  law,  in  contradistinction 
to  municipal  or  community  law)  was  a  compila- 
tion of  the  laws  and  usages  of  the  different 
communities  of  the  kingdom,  for  use  in  the 
courts  of  the  common  people.  Alfonso's  in- 
tention in  writing  the  'Fuero  Real'  was  to 
do  away  with  the  anarchy  in  local  law  which 
reigned  everywhere  throughout  his  dominions. 
As  these  laws  prohibited  countless  abuses, 
their  enforcement  was  bitterly  opposed  by  the 
nobles  and  others  in  high  office  throughout  the 
land.  These  works  were  followed  by  the 
'Libro  de  los  Leves'  (Book  of  Laws),  also 
known  as  <Las  Sietc  Partidas>  (Seven  Parts) 
on  account  of  its  being  divided  into  seven  sec- 
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tions.  it  was  the  first  great  legal  code  of  the 
Middle  Ages.  In  this  and  his  other  works  Al- 
fonso shows  exact  knowledge  and  appreciation 
of  the  laws  of  the  Romans,  of  the  Justinian 
Code  and  of  Spanish  and  foreign  laws  of  his 
day  and  of  the  ages  preceding  him.  In  addition 
to  these  virtues,  his  works  have  been  long  con- 
sidered as  literary  models  in  their  field.  They 
form  a  wonderfully  interesting  and  useful  expo- 
sition of  the  laws,  morality  and  religious  uses, 
observances  and  practices  of  the  age  in  which 
they  were  written.  The  ability,  industry, 
powers  of  assimilation  and  excellent  judgroeut 
of  the  king  are  evidently  shown  in  his  writings 
which  called  for  a  mastery  of  three  great  fields 
of  knowledge,  common  and  royal  law,  canonical 
law  and  theology.  In  his  work  he  had,  no 
doubt,  helpers  and  investigators,  but  he  was 
himself  the  heart  and  soul  of  it  all ;  and  his 
was  the  master  mind  that  brought  order  out  of 
confusion  and  conceived  plans  whose  broad- 
ness were  a  century  ahead  of  their  time.  Al- 
fonso was  a  great  lover,  not  only  of  everything 
relating  to  law,  but  also  of  literature  and  sci- 
ence; and  the  extent  of  his  knowledge  is  often 
surprising.  He  was  a  poet  of  no  mean  talent 
and  he  encouraged  the  troubadours  of  Provence 
and  Catalonia.  His  knowledge  of  history  was 
very  broad  and  exact;  and  he  had  mastered  the 
extensive  mathematical  knowledge  of  the 
Arabs,  so  that,  even  among  the  Moors,  he  had 
acquired  a  reputation  as  a  mathematician.  It  is 
not  strange,  therefore,  that  he  should  have  done 
much,  by  his  example  and  his  influence,  to  ad- 
vance the  general  culture  of  his  kingdom.  Of 
the  many  debts  that  Spain  owes  to  him,  one  of 
the  greatest  and  of  most  far-reaching  conse- 
quence, is  the  fact  that,  for  years,  he  labored 
to  make  the  tongue  of  Castile  the  language  of 
the  whole  country.  This  tended  to  create  the 
national  unity  for  which  he  strove.  Though  he 
was  disappointed  in  the  result  of  his  work  in 
his  lifetime,  it  bore  abundant  fruit  in  after 
days.  He  encouraged  education  and  estab- 
lished schools  of  higher  learning  in  Toledo, 
C6rdoba  and  Scvilla,  and  he  welcomed  to  his 
court  the  troubadours.  He  ordered  the  Bible 
and  various  other  works  translated  into  Span- 
ish, among  them  books  on  scientific  subjects 
written  in  Hebrew  or  Arabic  In  addition  to 
his  'Cantigas'  numerous  other  works  of  a  non- 
legal  nature  have  been  attributed  to  him,  in 
some  cases  apparently  with  considerable  rea- 
son, among  these  being  ♦Estoria  de  Espanna  6 
Cr6nica  General'  and  'Grande  y  General  Esto- 
ria.»  Consult  Ticknor,  « History  of  Spanish 
Literature'  (New  York,  1854);  any  good  his- 
tory of  Spain,  or  history  of  Spanish  literature. 

John  Hubert  Cornyn, 
Editorial  Staff  of  The  Americana. 

EL  SOMBRERO  DE  TRES  PICOS 
(The  Cocked  Hat).  The  journalist  and  novel- 
ist Pedro  Antonio  de  Alarcon  (1833-91)  met 
with  little  acclaim  for  his  more  ambitious  liter- 
ary performances;  in  fact,  he  attained  to  no 
measure  of  success  in  his  novels.  With  his 
short  stories,  however,  he  gained  a  well- 
deserved  repute,  and  with  two  of  them,  the 
'Sombrero  de  Tres  Picos'  and  the  'Capitin 
Veneno,'  which  are  really  long  enough  to  be 
termed  novelettes,  he  won  his  permanent  place 
in  the  annals  of  Spanish  prose  fiction  The 
'Capitan  Veneno'  is  entirely  of  his  own  de- 
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vising;  the  'Sombrero  dc  Trcs  Picos,'  on  the 
other  hand,  is  the  result  of  his  refashioning 


an  old  narrative  previously 


rked  out  in  prose 


form  by  the  Italian  Boccaccio  in  his  '  De- 
cameron »  (VIII,  8)  and  refurbished  for  French 
readers  in  the  'Cent  nouvelles  nouvelles.'  Alar- 
con  may  have  known  these  versions  of  the 
story,  but  he  certainly  derived  his  direct  in- 
spiration from  the  treatment  accorded  to  it  in 
two  popular  Spanish  ballads  which  may  be 
seen  in  the  'Romanccro  general/  and  he  drew 
upon  his  own  powers  of  invention  for  factors 
and  embellishments  which  arc  not  present  in 
these  verse  sources.  The  subject  of  the  'Som- 
brero de  Tres  Picos'  is  one  which  required 
delicate  handling  if  the  unduly  scabrous  was  to 
be  avoided  in  the  telling.  It  would  have  been 
easy  for  any  author  to  run  aground  on  the 
shoals  of  what  the  literary  critics  now  call 
naturalism  in  the  treatment  of  a  theme  which, 
like  this,  involves  attempted  adultery  as  a  neces- 
sary element  But  there  is  no  indulgence  shown 
here  for  the  vicious,  and"  whatsoever  elements 
of  the  unbecoming  arc  inherent  in  the  popular 
tradition  and  arc  perforce  adopted  in  Alarcon's 
story  are  sufficiently  countered  by  the  firm  way 
in  which  the  Corregidora,  safeguarding  her  own 
honor  and  rescuing  that  of  the  peasant  woman 
sena  Frasqnita,  dispenses  poetic  justice  to  her 
own  recreant  husband.  Humor  of  incident  is 
rife  in  the  work.  It  may  be  noted  that  AJar- 
con's  redaction  of  the  old  legend  has  been 
utilized  for  operatic  purposes  in  both  French 
and  German. 

J.  D.  M.  Ford. 

ELffiAGNUS,  8-*-ag'nus.  a  genus  of 
shrubs  or  small  trees  of  the  family  Fltvagnacecc. 
The  species,  of  which  there  are  about  40,  are 
natives  of  the  northern  temperate  zone,  and  are 
characterized  by  deciduous  or  persistent  entire 
leaves  covered  with  silvery  or  brownish  scales, 
solitary  or  clustered  apetalous  axillary  flowers 
and  one-seeded  drupaceous  fruits.  They  are 
valued  in  ornamental  gardening  for  their 
foliage,  usually  decorative  fruits,  and  mostly 
fragrant  flowers.  The  deciduous  members  are 
hardy  in  the  north;  the  evergreen  ones,  which 
mostly  come  from  Japan  and  China,  only  in  the 
south.  They  are  easily  propagated  by  means 
of  seeds,  cuttings  and  layers,  and  succeed  upon 
almost  any  well-drained  soil  in  a  sunny  siiuation. 
The  best  known  species  probably  are:  (])  E 
angustifolio,  the  oleaster  or  white  olive,  which 
attains  a  height  of  about  20  feet.  It  has  been 
introduced  from  southeastern  Europe  or  adja- 
cent Asia,  and  has  proved  hardy  in  the  bleak 
and  cold  prairie  States.  It  is  one  of  the  most 
ornamental  species.  (2)  E.  argenica,  the  silver- 
berry,  a  native  of  the  colder  parts  of  Canada 
and  the  northern  border  of  the  United  States. 
It  seldom  attains  a  height  exceeding  15  feet, 
and  is  perhaps  the  most  popular  native  species. 
(3)  E.  multifiora,  the  gumi,  a  species  intro- 
duced from  eastern  Asia.  It  i<  gaining  in 
favor.  It  attains  a  height  of  about  six  feet  and, 
like  the  preceding,  bears  edible,  slightly  acid 
fruit  of  pleasant  flavor.  This  last  species 
became  of  horticultural  importance  during  the 
last  25  years  of  the  19th  century'  because  it 
produces  good  crops  of  fruit  in  climates  too 
rigorous  for  most  of  the  other  fruit-bearing 


ELA£IS,  e-lels,  the  name  given  to  a  genus 
of  palms.  The  seven  species  are  dioecious  or 
montccious,  the  flowers,  especially  the  males, 
in  dense  masses,  packed  very  closely  together; 
the  fruit  is  partly  three-sided,  but  somewhat 
irregular.  E.  guintensis,  the  maba  or  oil-palm 
of  the  West  African  coast,  has  heads  of  large 
fruits.  The  outer  or  fleshy  part  of  the  fruit  is 
boiled  in  water,  when  the  oil  rises  to  the  sur- 
face and  may  be  skimmed  off.  In  its  native 
country  it  is  used  for  butter.  It  constitutes 
one  of  the  chief  commercial  products  of  west- 
ern Africa.  E.  melanococca  also  furnishes  oil. 
Both  species  yield  by  manufacture  palm-wine. 

EL&OCARPUS,  e-le-6-kar^pus,  a  genus  of 
plants  of  the  Elaocarpaccce.  The  species  are 
shrubs  and  trees  and  are  found  chiefly  in  New 
Zealand,  Australia  and  southeastern  Asia. 
From  the  seed-stones  of  E.  ganitrus  the  natives 
of  Australia  make  necklaces.  The  New 
Zealandcrs  find  a  rich  black  dye  in  E.  lunau, 
and  in  India  several  species  furnish  one  of  the 
ingredients  of  curry-powder. 

ELiEODENDRON,  e-le  6-deVdron,  a 
genus  of  the  staff-tree  family  (Celaslracea). 
The  plants  of  the  gentts  are  generally  trees, 
natives  of  southern  Asia,  western  and  southern 
Africa  and  South  America.  The  drupes  of  E. 
kubu  are  eaten  at  the  Cape  of  Good  Hope 
while  the  bark  of  E.  roxburghii,  rubbed  with 
water,  is  used  by  the  Hindus  as  an  external 
application  to  swellings  of  all  kinds.  E.  glau- 
cum,  a  native  of  Ceylon,  is  sometimes  called 
the  Ceylon  tea-tree.  Saffron  wood  is  the 
product  of  E.  croceum.  and  an  oil  in  com- 
mon use  in  Africa  is  made,  from  E.  organ. 

ELAGABALUS,  e-la-gal/a-lus,  or  HELI- 
OGABALUS,  hewH-d-gab'a-lus,  Roman  em- 
peror: b.  Emesa  204  a.u.  ;  d.  222.  His  real 
name  was  Varius  Avitus  Bassianus,  but  when  a 
youth  he  was  appointed  high  priest  of  the  Syro- 
Phccnician  sun-god  Elagabol  and  assumed  the 
name  of  that  deity.  Soon  after  the  death  of  his 
cousin  Caracalla,  Elagabalus  was  proclaimed 
emperor  by  the  soldiers  in  opposition  to  the 
legitimate  sovereign,  Macrinus.  The  rivals  met 
in  battle  at  Antioch  218  a.d,  Macrinus  was  de- 
feated and  Elagabalus  assumed  the  purple.  His 
reign  of  three  years  and  nine  months  was  in- 
famous for  the  debaucheries  of  every  kind  in 
which  he  indulged.  He  instituted  ceremonies 
in  honor  of  the  god  Elagabol  and  it  is  believed 
made  human  sacrifices  to  him.  He  was  murdered 
in  an  insurrection  of  the  Pnetorians  and  was 
succeeded  by  his  cousin  and  adopted  son,  Alex- 
ander Severus,  whose  assassination  he  had  twice 
attempted.  Consult  Butler,  O.  F.,  'Studies  in 
the  Life  of  Hcliogabalus>  (New  York  1908). 

ELAINE,  e-la'in,  or  ELAIN.  the  oily  prin- 
ciple of  fat,  obtained  by  submitting  fat  to  the 
action  of  boiling  alcohol,  allowing  the  stearin  to 
crystallize  and  then  evaporating  the  alcoholic 
solution;  or  by  the  simple  process  of  pressing 
any  oily  or  fatty  substance  between  folds  of 
blotting  paper,  the  oily  matter  or  elaine  is 
absorbed,  whila  the  stearin  remains.  The  paper 
being  then  soaked  in  water  and  pressed,  yields 
up  the  elaine.  It  possesses  much  the  appear- 
ance and  properties  of  vegetable  oil,  and  olein 
(q.v.)  is  liquid  at  the  temperature  of  60°  F. 
and  has  an  odor  derived  from  the  solid  fats 
from  which  it  has  been  extracted. 
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ELAM,  the  ancient  name  of  a  country  or 
region  in  Asia,  east  of  the  Lower  Tigris.  The 
cuneiform  inscriptions  record  that  a  king  of 
EJam  conquered  Babylonia  and  Assyria  about 
2300  B.c  The  later  ancient  writers  call  this 
country  Susiana,  the  name  being  derived  from 
its  capital,  Susa  or  Shushan,  one  of  the  most 
ancient  cities  of  the  East  It  is  now  known  as 
Khoozistan.  Both  the  country  itself,  which 
seems  to  have  been  of  considerable  importance 
at  an  early  period,  and  its  capital,  Shushan,  are 
mentioned  in  the  Bible.  Consult  Saycc.  'In- 
scriptions of  Mai  Amir1 ;  Loftus,  <Travels  and 
Researches  in  Chaldaea  and  Susiana* ;  Biller- 
bach,  *Susa) ;  Dieulafoy,  'I'Acropole  de  Susc' ; 
Meyer,  Ed,  'Geschichte  des  Altertums 
(1913);  Scheil.  De  Morgan,  and  others  in 
•Memoires  de  la  delegation  en  Perse  >  (1900- 
13). 

ELAND,  eland,  the  largest  antelope  (Oreas 
canna)  found  in  Africa.  It  is  as  big  as  a  fully 
grown  horse,  weighs  1  000  pounds  or  more  and 
stands  fully  six  feet  high.  The  early  settlers 
in  South  Africa  called  it  "elk*  The  eland  has 
a  short,  smooth  coat  of  rich  fawn  color;  strong, 
straight  horns  about  20  inches  long,  and  a  broad 
fringed  dewlap  falling  about  to  the  knees.  The 
hide  makes  excellent  harness  leather  and  the 
flesh  is  decisively  palatable.  The  elands  move 
so  slowly  and  are  such  gentle  creatures  as  to 
be  easily  caught,  and  hence  have  been  nearly 
exterminated  in  their  native  haunts.  At  pres- 
ent very  few  are  found.  In  the  equatorial 
region  of  western  Africa  is  found  the  still 
larger  species  (Oreas  derbianus). 

ELAPHURE,  name  for  David's  deer  (Cer- 
rms  davidionus)  whose  habitat  is  Northern 
China  and  Manchuria.  It  is  commonly  kept  in 
parks  by  wealthy  Chinese  and  even  in  Europe. 
Little  is  known  of  its  habits  in  the  wild  state. 
It  has  long  shaggy  hair  and  has  no  brow  tine 
to  its  antlers. 

ELAPINffi,  e-lapl-ne,  a  subfamily  of 
Colubrida,  including  venomous  snakes  having 
a  short,  rounded  head  covered  with  plates. 
They  arc  more  nearly  related  to  the  harmless 
colubrines  than  to  the  vipers,  but  have  a  poison- 
apparatus  of  the  proteroglyph  type.  The  group 
is  a  large  one  and  is  found  in  most  parts  of  the 
world,  but  is  most  numerous  in  the  tropics. 
Nearly  all  the  snakes  of  Australia  are  elapinc, 
the  whole  race  of  cobras  (q.v.),  and  others. 
The  genus  Elaps  is  entirely  American  and  is 
represented  by  a  single  species  in  the  United 
States,  the  coral  or  harlequin  snake  of  Florida. 
See  Coral  Snake. 

ELASMOBRANCHII,  Mas-mo-hrangTcM. 
a  sub-class  of  fishes,  containing  the  sharks  and 
rays.  The  skull  is  cartilaginous  with  only  su- 
perficial calcifications  and  no  true  dermal 
bones;  the  gills  fixed  and  shaped  like  pouches; 
the  upper  jaw  is  the  pterygo-palatine  bar,  and 
the  lower  jaw  Meckel's  cartilage,  attached  to 
the  skull  hy  a  large  hyo-mandibular  element: 
the  exo-skclcton  consists  of  tooth-like  granular 
tubercles  or  spines;  and  the  trunk  cndoskeleton 
is  cartilaginous.  The  ventral  fins  are  far  back 
and  hear  claspers  in  the  males;  the  heart  has 
but  one  auricle  and  one  ventricle;  and  the  in- 
testine is  provided  with  a  spiral  valve.  The 
group  is  nearly  coextensive  with  Cuvicr's  Chon- 


dropterygia  or  cartilaginous  fishes  and  the 
Placoidei  of  Agassiz,  and  has  received  various 
other  names  such  as  Selachii  and  Plagiostomi. 
Cope  distinguishes  as  orders  the  Selachii, 
which  includes  all  living  as  well  as  many  ex- 
tinct forms;  and  the  Ickthyotomi,  which  are 
exclusively  carboniferous  and  have  simple 
claspers  and  extensive  cranial  calcifications. 
Sec  Doc-fish  ;  Ray;  Sawfish;  Sharks;  Skate, 
etc. 

ELASMOSAURIANS,  e-lis-mo-sa'rianz. 
gigantic  marine  fossil  reptiles  of  the  order 
Sauroptcrygia,  found  in  cretacean  beds.  As  a 
living  animal  it  was  contemporaneous  with 
Plestosaurus,  of  the  same  order,  which 
abounded  in  the  eastern  hemisphere,  and  as  a 
fossil  has  been  found  in  Europe  and  New 
Zealand.  Elasmosaurus  had  a  lizard-like, 
elongated  body,  sometimes  45  feet  long,  flat- 
tened limbs  which,  served  as  oars,  and  a  long, 
paddle-shaped  tail  which  assisted  its  motion 
through  the  water.  The  head  was  proportion- 
ately small  and  with  the  neck  performed  twist- 
ing motions  much  like  the  corresponding  parts 
of  the  swan.  The  contents  discovered  in  the 
body  indicate  that  this  sea-saurian  lived  on 
other  rapacious  fish,  which  it  was  able  to  seize 
with  its  crocodile-teeth.  The  fossil  has  been 
raised  from  cretaceous  beds  in  New  Jersey 
and  in  Kansas. 

ELASMOTHERIUM,  e-las-mo-the'rl-um. 
an  extinct  rhinoceros  which  inhabited  Siberia, 
Russia  and  Germany  during  the  Pleistocene 
Epoch.  It  exceeded  the  Indian  rhinoceros  in 
size  and  bore  an  enormous  horn  on  the  frontal 
bone  of  the  skull,  but  no  nose-horn.  The  teeth 
are  very  long-crowned,  with  the  enamel  ridges 
strongly  crcnulatcd,  indicating  grazing  habits. 
Some  of  the  native  Siberian  legends  are  sup- 
posed to  refer  to  this  animal;  it  was  a  con- 
temporary of  early  man  in  that  region.  See 
Rhinoceros. 

ELASTIC  LIMIT.  See  Strength  or  Ma- 
terials. 

ELASTIC  TISSUE,  fibrous  tissue  in  most 
cases  mixed  with  the  fibres  of  areolar  tissue. 
It  occurs  in  the  ligaments  of  the  vertebrae,  that 
of  the  jaw,  etc.,  also  in  connection  with  ar- 
teries, veins  and  lymphatics.  It  is  found  in  the 
animal  structure  whenever  an  extensible  and 
highly  elastic  material  is  required. 

ELASTICITY.  Every  solid,  no  matter 
how  rigid  we  may  think  it  to  be,  will  have  its 
dimensions  changed  upon  the  application  of 
force.  If  the  resulting  distortion  does  not  ex- 
ceed a  certain  amount  it  will  disappear  when 
the  force  is  removed.  Bodies  which  recover 
from  the  distorting  effect  of  force  and  resume 
their  original  configurations  arc  said  to  be 
elastic.  The  relation  between  force  and  the 
deformation  it  produces  is  studied  under  the 
title  elasticity;  the  harmful  effects  of  distor- 
tion and  the  proportioning  of  materials  safely 
to  resist  given  forces  belong  to  the  strength  of 
materials  (q.v.).  The  behavior  of  gases  comes 
under  thermodynamics,  of  liquids  under  hydro- 
dynamics. In  the  mechanics  of  rigid  bodies 
forces  are  represented  by  arrows  placed  at 
points;  actually,  they  are  distributed  over  sur- 
faces. We  are  concerned  here  with  the  area 
of  action  as  well  as  with  the  magnitude  of  the 
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force,  and  shall  therefore  use  the  word  stress 
to  denote  force  per  unit  area.  Stress,  con- 
trary to  this  usage,  is  generally  regarded  as 
synonymous  with  force,  and  what  we  here  call 
stress  is  commonly  called  "intensity  of  stress* 
or  *unit  stress.*  Stress  as  defined  in  this  arti- 
cle is  not  force;  its  dimensions  are  FL~*  or 
MLr^T-*  and  the  unit  is  the  pound  or  ton  per 
square  inch  and  the  dyne  and  kilogram  per 
square  centimeter.  A  force  oblique  to  a  sur- 
face can  be  resolved  into  normal  and  tangential 
components.  The  resulting  normal  stress  is  ac- 
companied by  change  of  length.  The  change  of 
length  per  unit  length  is  called  linear  strain; 
there  are  likewise  areal  and  volumetric  strains. 
Strain  is  a  pure  number  without  dimensions. 
Tangential  stress  or  shear  stress  produces  an- 
gular distortion  due  to  the  sliding  of  one  layer 
of  material  with  respect  to  the  adjacent  layers. 
For  instance,  if  the  two  covers  of  a  book  arc 
shifted  parallel  to  each  other  there  will  be 
relative  sliding  of  the  leaves.  Any  straight  line 
drawn  on  the  top  or  bottom  end  of  the  book 
will  change  its  inclination;  the  change  of  a 
right  angle  is  called  shear  strain.  It  is  the  prov- 
ince of  the  theory  of  elasticity  to  investigate 
mathematically  the  consequences  which  result 
from  an  experimentally  found  relation  between 
stress  and  strain.  The  first  experiments  —  on 
the  rupture  of  beams  —  were  made  by  Galileo, 
'  Disco  rsi  e  Dimostrazioni  matematiche> 
(1638).  His  results  were  of  no  value  because 
he  supposed  the  fibres  of  a  beam  to  be  inexten- 
sible,  yet  his  work  was  the  impulse  to  subse- 
quent inquiries.  It  was  not  until  1678  that  any 
relation  between  stress  and  strain  was  pub- 
lished. In  that  year  Hooke  in  his  (De  potcntia 
restitutiva,>  announced  the  law  known  by  his 
name  in  the  form  of  an  anagram  ceiiinosssttuu 
containing  the  letters  of  Ut  tensio  sic  ins,  i.e.. 
the  force  varies  directly  as  the  extension.  He 
claimed  to  have  discovered  it  in  1660.  Until  the 
end  of  the  18th  century  only  special  problems  on 
beams,  columns,  and  plates  were  attacked;  this 
period  was  almost  barren  of  experimental 
work.  The  foundation  of  the  mathematical 
theory  was'  laid  by  Navier,  'Memoire  sur  les 
lois  des  corps  solides  elastiques,' 

Mimoires  de  Plnstitut,  Vol.  VII,  which  was 
read  to  the  Academie  des  Sciences  in  1821. 
Progress  was  rapid  after  this  in  the  hands  of 
such^  masters  as  Cauchy,  Clapyron,  Green, 
Lame  and  Poisson,  and  culminated  in  the  life- 
long labors  of  Barre  de  Saint-Venant  ( 1 797— 
1886).  For  the  detailed  history  of  the  subject 
through  the  time  of  Saint-Venant  consult  Tod- 
hunter  and  Pearson,  'History  of  the  Theory  of 
Elasticity  and  of  the  Strength  of  Materials1 
(Cambridge  1886)  ;  subsequent  investiuations are 
noted  in  the  introduction  to  Love,  'The  Mathe- 
matical Theory  of  Elasticity >  (2d  ed.,  Cam- 
bridge 1906). 

Strain.  Before  taking  up  the  relations  be- 
tween stress  and  strain,  we  shall  study  the  small 
displacements  suffered  by  an  infinitesimal  ele- 
ment dx  d\  dz  within  a  medium  in  any  state 
of  stress.  Fig.  1  shows  the  projections  of  two 
concurrent  edges  on  the  xy  plane  before  and 
after  displacement;  the  yz  and  ex  diagrams 
are  omitted  for  brevity.  Let  (x,  y,  s),  the  cor- 
ner nearest  the  origin,  be  displaced  u,  v,  w. 
where  u,  v,  w  are  small  compared  with  x,  y,  z. 
Then,  to  terms  of  the  first  order,  the  ends  of 


dx  and  dy  receive  the  axial  displacements 
shown.  For  if  a  variable  increases  infinites- 
imally,  the  function  will  increase  differen- 
tially; thus  if  the  left  end  of  dx,  distant  x 
from  the  origin,  moves  u  parallel  to  x,  a  point 


(i) 


Pia  1. 

infinitesimally  further  from  the  origin  will 

move  infinitesimally  more,  i.e.,  u  +  j^dx,  the 

derivative  being  partial  to  indicate  that  the  in- 
crement was  due  only  to  a  change  of  jr.  The 
jr-projection  of  the  elongated  length  of  dx  is 

dx  +  ^dx,  which,  since  x  is  infinitesimal,  is 

itself  the  new  length  of  dx.   Hence  the  stretch 

of  dx  is  I?  dx  and  if  the  linear  strain  at  *,  y.  s 

is  denoted  by  £zx 

_du  _9p  dw 

e"-dx   •    ewTdy    1  dz 

the  other  two  components  being  derived  by 
cyclic  permutations  of  the  letters.  By  defi- 
nition the  shear  strains  are  the  decrements  of 
the  right  angles  formed  by  the  concurrent 
edges  at  (x,  y,  e).  If  they  are  denoted  by 
try,  tyt,  egg  in  the  co-ordinate  planes  it  is  evi- 
dent from  Fig.  1  that  ezv=a*  +  "i/.  Since 
ox  is  infinitesimal  by  hypothesis,  it  equals  its 

tangent  g!  likewise  «*=f*. 

dp  ,  du 
dx  dy 
dw  ,  dv 

The  six  quantities  exx,   ,  try   are 

the  components  or  constituents  of  strain  at  the 
point  (x,  y,  e).  The  shear  strain  suffered  by 
an  element  rotates  it  as  a  whole,  the  amount 
being  measured  by  the  rotation  of  its  diagonal. 

Consider  the  effect  of  a  partial  strain  ^  all 
other  displacements  being  zero.   There  will  be 
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no  loss  in  generality  if  we  take  a  square  in- 
stead of  a  rectangle  in  Fig.  2,  because  the 
strain  components  arc  independent  of  the 


dy 


i  ,4y 


1-7 

/ 

/ 

/ 
/ 

/ 


dx  =  dy 


v 


Pic  2. 

nitudes  of  dx,  dy,  dz.   From  Fig.  2 
dy=  (dx  +  d£dyJ  tan  (45- <M) 

Now  ^  <iy  is  small  compared  with  dx 

oy 

u  is  by  assumption  small  compared  with  x; 
then  as  dy  =  dx,  the  equation  reduces  to 


In  the  same  way  J  g  is  the  counterclockwise 

rotation  of  the  diagonal  due  to  shearing  of  the 
right  side  of  the  element.  The  resultant  posi- 
tive (X  toward  Y)  rotation  about  the  Z-axis 


(3) 


«,  and  being  obtained  by  cyclic  permuta- 
tion. These  are  the  component  rotations; 
when  they  vanish  the  strain  is  irrotathnal  or 
pure.  There  are  always  at  least  three  orthogo- 
nal lines  whose  directions  remain  unaltered 
by  strain ;  they  arc  called  the  principal  axes 
and  the  planes  normal  to  them  the  principal 
planes.  If  w,  v,  w  arc  eliminated  from  equa- 
tions (1)  and  (2)  there  will  be  three  equations 
of  the  form 

ay      oxay  exoy 
and  three  of  the  form 


(4) 


(4)> 


dyds     floe  \  dz  dx 

the  others  being  written  by  permuting  x.  y. 
These  arc  the  equations  of  compatibility  and 
must  be  satisfied  by  every  solution  of  a  prob- 
lem in  elasticity,  Many  of  the  formulas  de- 
rived in  the  strength  of  materials  are  not  com- 
patible with  theory  although  they  may  be  rea- 
sonably in  accord  with  experiment. 


Stress. —  A  stress  will  be  denoted  by  a  capi- 
tal letter  to  indicate  its  direction,  with  a  sub- 
script to  show  the  normal  to  plane  on  which  it 
acts.  Thus  Xx  is  parallel  to  X  on  a  plane 
(YZ)  normal  to  X  and  is  a  normal  stress; 
Yt  is  a  shear  parallel  to  Y  on  the  XY  plane. 
Fig.  3  shows  an  element  under  coplanar  stress. 


Pic.  i. 

all  stresses  parallel  to  Z  being  zero.  It  will  be 
seen  from  the  theorem  about  to  be  derived 
that  there  can  be  no  shear  on  planes  parallel 
to  the  paper  if  there  is  none  normal  to  the 
paper.  Taking  moments  of  the  forces  about 
the  upper  right-hand  corner  (edge)  we  find, 
after  rejecting  terms  which  vanish  in  the  limit, 
X»=  Yx; 

it  is  to  be  observed  that  the  weight  and  the 
moment  of  inertia  of  the  clement  are  vanish- 
ingly  small.  The  diagram  shows  that  the 
shears  on  two  orthogonal  faces  both  point 
away  from,  or  both  toward  the  edge,  hence  the 

Theorem :    Shear  stress  on  any  plane  is 
accompanied  by  equal  shear  stress  on  a  per- 
pendicular plane,  both  acting  away  from  or  to- 
ward the  edge  of  intersection  and  both  being 
normal  to  it. 

This  is  due  to  Cauchy.    For  the  other  shears 

Yg  —  Zy  ,  Zg~Xt 

The  translations  of  the  element  in  Fig.  I 
are  u,  v,  w,  whence  the  axial  accelerations  are 

o7?  '  \%  '  7?*  thc  dcrivativ€s  arc  Partial  be- 
cause they  must  denote  only  time-changes  and 
not  space-changes.  From  the  general  free 
body  of  which  Fig.  3  is  a  special  case  we  get  by 
resolving  the  forces  axially 


axT  ,  dx„  ,  dx.  .  ..d»* 


dx 


+  - 


dYz  dYv 
dx  dy 

dx        dy       ds  dr* 


(5) 


where  d  is  the  density  and  X,  Y,  Z  are  the 
components  of  the  applied  forces  (e.g. 
weight)  per  unit  mass. 

At  the  surface  thc  internal  stresses 
Xt,  mast  be  in  equilibrium  with 

the  external  or  applied  stresses. 

Relations  between  stress  and  sirain.  A  ma- 
terial is  elastically  isotropic  when  it  resists 
stress  with  equal  intensity  in  all  directions. 
Crystals,  fibrous  materials,  and  metals  which 
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have  been  heavily  rolled  or  otherwise  worked 
are  unequally  strong  in  different  directions ; 
they  are  eolotropic.  It  has  been  found  by  ex- 
periment that  for  many  bodies 

stress  =  C  X  strain ; 
C  is  called  the  modulus  of  elasticity.  It  is  con- 
stant for  a  given  isotropic  material  but  de- 
pends upon  the  kind  of  stress;  an  eolotropic 
body  has  several  moduli  for  each  type  of  stress. 
The  law  takes  the  following  special  forms. 

(1)  For  normal  stress  p  and  linear  strain  e 
in  the  direction  of  p 

P"Ee; 

E  is  called  Young's  modulus  after  Thomas 
Young  who  introduced  it  in  1807.  For  granu- 
lar materials  like  cast  iron  and  stone  ?.  more 
accurate  form  is  p~Ee*  where  n  lies  between 
1  and  we  shall  assume  that  n*~l.  (See 
Strength  of  Materials). 

The  longitudinal  strain  e  is  always  accom- 
panied by  a  strain  e'  of  the  transverse  dimen- 
sions; for  a  given  material 
e'  ~ae 

where  »  is  constant  for  isotropy.  Thus  if  a 
rod  receives  a  longitudinal  strain  e  the  strain 
of  any  straight  line  in  a  cross-section  is  or; 
ee  is  not  an  areal  strain.  In  engineering  1/m 
is  used  for  o.  °  is  called  Poisson's  ratio  after 
Poisson,  who  in  1828  calculated  it  to  be  for 
all  materials;  experiment  has  not  verified  his 
prediction. 

(2)  For  shear  stress  q  and  strain  f 

/*  is  the  modulus  of  shear  or  of  rigidity. 
Young  was  the  first  to  point  out  that  resistance 
to  "detrusion,"  as  he  called  shear,  was  different 
from  resistance  to  stretching.  But  he  did  not 
introduce  the  shear  modulus;  this  was  done 
by  Navier  in  1833.  The  symbol  f  was  first 
used  by  Lame  in  1852;  in  books  on  the 
strength  of  materials  AT  and  G  arc  used  for  f. 

(3)  A  constant  normal  stress  />  over  the 
entire  surface  of  a  body  produces  a  volumetric 
strain  A,  called  the  dilatation,  where 

P=k*. 

k  being  the  bulk  modulus  or  modulus  of  com- 
pression. 

For  isotropic  bodies  there  are  thus  four 
constants  of  elasticity:  E,  f,  o,  k.  It  will  be 
shown  later  that  only  two  of  them  arc  inde- 
pendent. Stokes  in  1845  ('Mathematical  and 
Physical  Papers,'  Vol.  I,  p.  75)  pointed  out 
that  u  and  k  arc  of  basic  importance  in  theo- 
retical work;  in  engineering  £  and  f  arc  more 
convenient. 

For  eolotropic  substances  we  mav  still  as- 
sume the  stress  to  be  a  linear  function  of  the 
strain,  in  which  case  the  generalized  forms  of 
Hooke's  law  are 

a  ta  "t"  Cm  txy  "4"  C»  Cpt  ~h  Ci»  €gx 
Yy~  C nCx*  ■+-  Ca  eyy\-Cn  fit  +  Cjc  ttu     C»  eyt  +  C»  fix 

and  so  on  for  Z,.  Xv,  Y,,  ZT,  the  36  coeffi- 
cients, Cu  to  Cm,  being  the  clastic  constants. 
Green  in  1837  proved  that  for  conservative 
systems  tun  ~  Cnm  V  ■hereby  the  constants  re- 
duce to  21  for  colotropy.  For  isotropy  they 
reduce  to  2.  To  express  the  stresses  in  terms  of 
strains  for  isotropy  consider  the  effect  of  a 
Tingle  tension  X  T.  By  Hooke's  law  it  pro- 
duces a  strain  Xj/E  in  its  own  direction,  and 


according  to  Poisson's  ratio,  a  lateral  com- 
pressive strain  oXx/E.  Hence  if  a  parallele- 
piped is  acted  on  by  tensions  Xx,  Yy,  and  Z», 
the  resultant  axial  strains  will  be  given  by 

Eezx^Xz— o(Yy+ZM) 

Eevv=  Y„-e{Zz  +XX)  ...  (6) 

£««  =  Z.  — «(**  +  Yy): 
Czx,  tyy  ,  ta  are  called  the  equivalent  simple 
strains,  and  when  multiplied  by  E,  the  equiva- 
lent simple  stresses.   By  addition 

+  e„  +  eu)  =  (Xx  +  Yw + Z.)  (1-  2«) ; 
the  first  parenthesis  is  the  volumetric  strain 
because  the  change  of  volume  is 
(1  +exx)  dx  (1  +  em)  dy  (1  +  eu)  dz-dxdy  dz 

=  +  +  em)dxdyd* 
if  the  strains  arc  so  small  that  terms  above  the 
first  order  are  negligible.  The  volumetric 
strain  or  dilatation  A  is  then 

A—  eIZ  +  eyy\-ea 
Now  it  is  obvious  from  Fig.  2  that  the  infinitcs- 
du 

imal  shear    —    does  not  change  the  area  of 

the  face  dx  dy;  if  one  does  not,  none  will,  so 
that  shear  does  not  change  areas.  In  the  same 
way  it  follows  that  infinitesimal  shear  will  not 
alter  volumes ;  this  is  why  the  dilatation  contains 
only  linear  strains. 

If  the  stresses  in  the  equation  following  (6) 
are  all  equal  to  Xx 

3(1 -2a)  X,=  E* 
whence,  as  p—k± 

t  E 

3(1  -2") 

If  o>  Yi,  k  is  negative  whence  volumes  would 
be  increased  by  compression  and  decreased  by 
tension ;  as  this  does  not  occur  «  cannot  ex- 
ceed Vi.  Furthermore  a  negative  •  would 
mean  lateral  expansion  under  tension ;  this  is 
not  true  of  isotropic  materials.  Therefore  o 
is  a  positive  fraction  not  larger  than  y* ;  ex- 
periment verifies  this. 

If  the  first  equation  of  (6)  is  written 
**  =  Eeri  +  e(Xx  +  Yy  +Z,)  —«XX 

and  the  parenthesis  eliminated  by  means  of  the 
equation  below  (6),  there  results 
jr*  =  M+2/*,x; 

similarly  Yy  =  ?  A  +  2peyy    (7) 

Z.^/A-f  2^« 

where 

"E  E 
■     (i  +<,)(,  _2ff)    •  *     2(1  +*)■ 

It  will  be  proved  later  that  f  is  the  modulus 
of  shear  as  defined  ahove;  hence 

Xy      fiery  ,    Yi—fCyt  ,  Zz=P*lX  ,  (8) 

Navier,  Poisson,  and  Cauchy,  the  founders  of 
the  theory  of  elasticity,  derived  their  equations 
from  a  hypothesis  of  intermolecular  actions 
the  consequences  of  which  demanded  that 
a=/i;  then  »=V«  contrary  to  experiment. 
They  belonged  to  what  Pearson  has  called  the 
rarl-constant,  as  opposed  to  the  multi-constant, 
school  of  elasticians.  The  weight  of  evidence 
is  in  favor  of  the  necessity  of  two  constants 
for  specifying  the  elastic  properties  of  isotro- 
pic materials.  To  interpret  f*  in  the  equations 
just  found,  consider  a  cubical  clement  under 
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tension  p  on  one  pair  of  faces  and  compres- 
sion p  on  a  perpendicular  pair,  as  on  the  full- 
line  square  in  Fig.  4.  By  taking  as  a  free-body 
the  shaded  corner  cut  off  by  a  45-degree  plane 
and  resolving  the  forces  (strcssXarea)  par- 
allel and  normal  to  the  oblique  surface,  we  find 


1      f  1 


> 


Pic.  4 

that  a  stress  q=p  on  the  oblique  face  is  neces- 
sary and  sufficient  for  equilibrium.  That  is. 
orthogonal,  equal,  unlike  normal  stresses  pro- 
duce pure  shear  of  equal  magnitude  on  any 
plane  at  45  degrees.  Take  now  the  dash-line 
square  as  a  free-body:  it  is  in  pure  shear  of 
magnitude  q=p.  Since  the  change  of  a  right- 
angle  is  the  shear  strain  6,  the  change  of  0(=45°) 
is  ?/2.  As  the  sides  of  the  inner  square  are  not 
altered  in  length,  D  is  constant  in 


£>=/  cos  whence 


dl 


But  0=45° 
By  eq  (6) 


and    de=\  : 


dl 
I 


2 


dl 


E  E 


and  as 


E 


r      2(  I  +  9) 
For  the  purposes  of  integration  it  is  con- 
venient to  eliminate  the  internal  stresses  from 
equations  (5).    Substituting  equations  (7)  and 
(8)  in  (5),  replacing  the  strains  by  their  valuo 
in  (1)  and  (2)  and  using  the  symbolic  abbrevia- 
tion—the Lapacian  operator  — 
d»      d*  d* 
ox'     oy  oz' 

we  find 


0-+AO  fy  +  ^*v  +PY- 


 <9) 


tions  arc  vibratory  since  they  arise  from  small 
elastic  displacements  within  the  medium.  The 
fact  that  they  can  be  verified  experimentally 
furnishes  complete  evidence  of  the  correctness 
of  Hooke's  law,  of  our  assumption  that  the 
displacements  are  small,  and  of  the  validity  of 
the  analysis. 

Applications. —  We  shall  now  solve  a  few 
typical  problems  in  order  to  show  the  use  of 
the  foregoing  equations.  Most  problems  un- 
fortunately give  rise  to  extremely  difficult 
partial  differential  equations;  the  general 
methods  of  integration  arc  fully  discussed  in 
the  works  by  Love  and  Ricmann-Webcr  cited 
at  the  end  of  this  article. 

( I )  A  cylinder  of  density  p  and  length  I 
is  suspended  from  one  end  and  hangs  verti- 
cally. 

Take  the  K-axis  vertical  with  the  origin 
/  below  the  upper  end.  Since  Yy,  the  tensile 
stress  at  any  point,  is  due  to  the  weight  of  the 
material  below  that  point,  Yv  =  gpy,  the  five 
remaining  stresses  are  zero.  There  are  no 
surface  forces  except  at  the  upper  end  where 
the  entire  weight  of  the  cylinder  is  uniformly 
distributed  over  the  supporting  surface;  there 
the  internal  and  external  stresses  balance. 
Hence 

Ee„  =  gpy,  'xx  =eu  =  "e„,  e„  =  e*  =  ««  =  0 
Now 

==dv_gpy 
m     dy  E 


(a) 


where  v%  is  a  function  of  x  and  s  because 
the  derivative  is  partial.  Since  there  is  no 
shear,  v  must  satisfy 


dv  .  du  rhv  .  dv 


dy~     dx  '  dy~ 
By  differentiation, 

dxdy  ~      dx* '  dydz 
But  du  =  dw^_ogj>y 


o7 


so  that 
The  value 


dx  di  ~  E 
dx1  ~  dz*~  E 


a* 


 (<) 


v.     ^<x*  +  z>)+ax  +  cz+k 


(d) 


will  satisfy  equation  (c)  ;  substitution  in  (a) 

gives 

p=  jj.  (y»  +      +  «*)  +ax  +cz  +k 
At  the  upper  end 


t>  =  0  and  k 


gpt* 
2E 


when  x  =  0  ,  y—l  ,  «=0 


The  solution  must  be  correct  when  the  rod  is 

rigid;  in  this  case  »   and  r  =  0  so  that 

a  ^Q,  c  0. 


Hence     v  ~=  g  <y*- P  +  cx*+  »*) 


(«) 


The  internal  motions  specified  by  these  cqua-     The  formula  obtained  in  book*  on  the  strength 
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of  materials  is 


which  is  therefore  correct  only  along  the  axis; 
it  is,  however,  approximately  true  at  any  point 
when  the  cylinder  is  very  long  compared  with 
the  radius. 

Integrating  (b),  substituting  (d),  and 
posing  as  above  that  £=  oo,  wc  get 


u=  few, 

£ 


E 

if  the  upper  end  is  free  to  contract. 

(2)  A  straight  uniform  rod  is  twisted  by 
couples  applied  at  the  ends. 

Saint- Vcnant  was  the  first  to  solve  the  gen- 
eral problem  in  his  great  memoir  on  torsion, 
1855,  although  Coulomb  had  previously.  1784, 
succeeded  in  finding  the  twisting  moment 
offered  by  a  circular  cylinder.  The  following 
is  a  brief  sketch  of  Saint-Venant's  method. 

Let  the  cylinder,  of  any  cross-section,  have 
its  axis  along  Z.    Since  there  is  no 
the  mantle,  Xt  —  0  and  exy=0 

dv   bu 

'  •       a*"3  By 

As  there  are  no  external  normal  forces  the 
normal  strains  vanish  and 


du  dv   &w  ^ 

tix      i)y  dz 
Equations  (5)  with  Xz=  Yv~  Zt^Xy=^0  become 

...  («) 


d  Xm  _  flZy  

•Is  ds 


By  equation  (b)  w  does  not  contain  e  and  by 
(c)  and  {d)  u  and  v  are  linear  functions  of  z. 
All  the  above  equations  will  be  satisfied  only  by 

u=—ryz  ,  v—txs  ,  w  =  r?       ...  (e) 


where  *  is  a  function  of  x,  y.  The  values  of  w 
and  v  show  that  since  «*  +  v*  =  r»  (x*  +  y»)s*  and 
*/»— — y/x,  the  displacement  in  the  plane  of 
the  cross-section  is  (1)  normal  to  the  radius 
vector;  (2)  proportional  to  the  radius  vector; 
(3)  proportional  to  the  distance  of  the  cross- 
section  from  the  origin.  Therefore  radial 
straight  lines  remain  straight  and  of  constant 
length  and  the  boundary  of  any  section  is  not 
distorted  in  transverse  planes.  If  *  is  not 
zero  these  lines  will  be  warped  in  the  direction 
of  the  cylinder  axis;  ♦  is  therefore  the  warp- 
ing function,  r  is  the  angle  of  twist. 
Equations  (<•)  substituted  in  (d)  give 


Xt=fi 


As  there  is  no  shear  on  the  mantle  the  resultant 
of  JTjand  Yt  must  be  normal  to  the  boundary  of 

any  section,  i.e.         =  ^ 
.  *  .  from  (/) 

(g+')HE-y)"  ■■• « 

This  is  the  differential  equation  of  the  boundary 
curve  of  any  section. 

The  twisting  moment  equals  the  sum  of  the 
moments  of  the  shear  forces  on  any  section,  i.e.f 


M=f{xY,—yX.)  dxdy 

=f,Tf  (*  +  *  +  Xty*~1l>x)dXdy  ■  •  '  W 
The  angle  of  twist,  found  by  differentiating  (/) 

and  eliminating  ^j- »  is 

 « 

The  differential  equation  of  a  circle  is  xdx~- 
— ydy;  equation  (g)  reduces  to  this  when  f  is 
constant.  As  there  is  no  lengthening  of  the 
cylinder  there  is  no  translation  of  a  cross-sec- 
tion and  0  =  0.  Now  if  <?  —ax+  by  (g)  is  the 
equation  of  a  circle,  but  as  the  centre  of 
the  circle  is  at  the  axis  of  the  cylinder  it  will 
be  found  that  a  and  b  must  vanish.  Hence 
for  a  circular  section  £  =  0  and  cross-sections 
remain  plane.  In  this  case  equation  (h)  gives 
the  well-known  engineers'  formula. 

Equation  (g)  will  represent  the  ellipse 


a»  ^  b* 


i 


6»— a* 


Since  w  =  t^,  the  contour  lines  found  by  giv- 
ing ?  a  series  of  constant  values  are  equilateral 
hyperbolas;  in  the  first  and  third  quadrants  of 
the  ellipse  the  displacements  will  be  negative 
and  in  the  other  quadrants  positive.  Equation 
(It)  gives 


M  =  UTK 


a'b* 


a*+b* 

(3)  Vibrations  in  an  infinite  elastic  medium. 

I  f  there  are  no  external  forces,  X—Y=Z=0. 
Let  all  quantities  in  the  XY  plane  be  constant  so 
that  the  same  state  exists  throughout  that 
plane;  then  the  x  and  y  derivatives  in 
tions  (9)  are  zero,  whence 


A=57  '  Tz  = 


Likewise 


3*u      .      d\      .  3*w 

The  equations  of  motion  thus  reduce  to 


IfHi 


9  an    11  ds* 


9  df* 


0*v 


d*w     ,-    ...  d*w 


Equations  (a)  are  satisfied,  as  substitution  will 
verify,  by   any  function   of  «  +  ^  -  /.  This 

function  must  be  periodic  for  otherwise  the 
displacement  would  become  infinite  in  course  of 
time  or  would  remain  as  a  permanent  set. 
Experiment  contradicts  both  of  these  supposi- 
tions, hence  the  motion  is  vibratory.  Equation 
(b)  is  satisfied  by  a  similar  function.  If  at 
a  point  z  +  dz  at  a  time  t  +  dt  the  displace- 
ment is  in  the  same  phase  and  of  the  same 
magnitude  as  it  was  at  z  at  a  time  / 

•  +  dz  +  c  «  +  *)-«  +<* 
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ELASTIN  — ELBA 


where  c*      for  (c)  and  c*  =  -i-^  for  (6) ; 
f>  /' 

dz 

d,  =  ±C' 

which  is  the  velocity  of  propagation  of  the  dis- 
turbance :  not  the  velocity  of  a  material  point 
but  of  a  state  of  motion.  Equation  (b)  defines 
the  longitudinal,  and  (a)  the  transverse  waves 
in  an  infinite  elastic  medium. 

Bibliography. —  Love  '  The  Mathematical 
Theory  of  Elasticity'  (2d  cd.,  Cambridge  1906)  ; 
Todhuntcr  and  Pearson,  'The  History  of  the 
Theory  of  Elasticity'  (Cambridge  1888); 
Foppel,  'Techinische  Meckanik'  (Vols.  Ill  and 
V);  Webster,  'The  Dynamics  of  Particles  and 
of  Rigid,  Elastic  and  Fluid  Bodies'  (Leipzig 
1904);  Keimann- Weber,  'Die  Partiellen  Differ- 
ential Gleichungen'  (Vol.  II,  Braunschweig 
1901). 

R.  F.  Dei  Mel, 
Assistant  Professor  of  Mechanics,  Stevens  In- 
stitute of  Technology. 

ELASTIN,  an  insoluble  proteid  substance, 
of  which  the  clastic  fibres  of  connective  tissue 
are  composed.  It  may  be  conveniently  prepared 
from  the  ligamentum  nucha,  by  boiling  with 
ether  and  alcohol  (to  remove  the  fats)  and 
afterward  by  prolonged  boiling,  successively, 
with  water,  strong  acetic  acid  and  concentrated 
caustic  soda  and  subsequent  successive  treat- 
ment with  weak  acetic  acid,  water,  hydrochloric 
acid  and  water.  When  so  prepared,  elastin  is 
not  soluble  (without  decomposition)  in  any 
known  solvent.  It  dissolves  with  decomposition 
in  concentrated  sulphuric  acid,  however,  yield- 
ing leucin,  but  not  tyrosin.  Elastin  is  digested 
both  by  pepsin  and  by  trypsin  and  it  contains 
no  sulphur.  Its  percentage  composition,  accord- 
ing to  Mullcr.  is  C  =  55.45;  H  =  7.41;  N  — 
16.19;  0  =  20.89. 

ELATEA.  See  CiTHi«oM. 

ELATER,  el'a-ter,  a  genus  of  beetles  in  the 
pentamcrous  sub-order,  type  of  the  family 
Elateridce.  They  are  familiarly  known  as  "click- 
beetles"  or  "skip- jacks,"  from  their  habit  of 
jerking  themselves  with  a  slight  noise  into  the 
air  when  they  land  or  are  placed  on  their  backs. 
The  body  is  arched  upward  and  suddenly 
straightened  with  a  violent  muscular  exertion, 
which  lifts  the  animal  from  the  ground.  The 
legs  are  too  short  for  the  ordinary  method  of 
righting  the  body.  The  larvae  arc  only  too 
familiar  as  "wircworms."  Some  tropical  forms 
are  phosphorescent.     See  Fire-flies. 

ELATERID/E,  el-a-terl-de,  a  family  of 
Coleoptera  (click-beetles),  tribe  Penlamera, 
sub-tribe  Stemoxia.  It  contains  the  insects 
placed  by  Linnanis  in  his  great  genus  Elater, 
now  broken  up  into  many  genera.  Sec  Fire- 
flies ;  Elater. 

ELATERIN,  a  neutral  chemical  substance 
having  the  formula  C»H»0»  and  obtained  by 
alcoholic  extraction  of  the  greenish  precipitate 
thrown  down  by  the  juice  of  the  slightly  un- 
ripe squirting  cucumber,  F.challium  elaterium. 
It  crystallizes  in  hexagonal  tablets  which  melt 
at  400°  F.  and  arc  insoluble  in  water,  but 
soluble  in  chloroform  and  in  hot  alcohol. 
Elaterin  has  a  bitter  taste  and  is  a  powerful 
purgative,  the  dose  being  from  the  40th  to  the 


10th  of  a  grain.  A  crimson  color,  changing  to 
a  scarlet,  is  produced  when  sulphuric  acid  is 
added  to  a  solution  of  elatcrin  in  carbolic  acid ; 
this  reaction  serving  as  a  test  for  its  presence. 

ELATERITE,  an  elastic,  asphalt-like  min- 
eral, known  as  "clastic  bitumen."  In  color  it  is 
dark  brown,  with  a  specific  gravity  ranging 
from  0.9  to  12.  It  occurs  abundantly  in  Derby- 
shire. England,  and  a  mineral  closely  allied  to 
it  has  been  found  at  Woodbury,  Conn. 

ELATERIUM,  el-a-tc'ri-um,  a  mixture  of 
principles  formed  as  a  precipitate,  occurring 
spontaneously  in  the  juice  of  the  fruit  of  the 
wild  or  squirting  cucumber,  EcbaJlium  elate- 
rium, the  active  principle  of  which  is  elaterin. 
The  squirting  cucumber  is  a  small  perennial,  of 
the  cucumber  family,  indigenous  in  Persia, 
India  and  the  warmer  Oriental  countries,  and 
has  been  extensively  cultivated  even  as  far 
north  as  England.  The  fruit  itself  is  \lA  to 
3  inches  long  by  1-3  to  3-4  of  an  inch,  oblong 
or  oval  in  shape,  covered  with  soft  bristles 
and  yellowish  green  in  color.  It  is  firm  exter- 
nally. As  the  fruit  ripens  fermentation  takes 
place  in  the  interior  with  the  formation  of  gas. 
This  accumulates  in  sufficient  quantities  to 
exert  considerable  pressure,  bursting  the  fruit 
at  its  base  and  squirting  the  seeds  some  dis- 
tance. In  this  manner  the  fruit  is  distributed. 
Elaterium  has  been  used  for  centuries  as  a 
cathartic,  the  phenomena  of  the  squirting  seeds 
having  suggested  its  function.  Elaterin  itself 
is  a  neutral  principle  of  the  formula  CwH»Ot. 
It  forms  in  minute  white  prismatic  crystals, 
without  odor  and  with  a  slightly  gritty  and 
bitter  taste.  Elatcrin  is  one  of  the  most  active 
of  all  the  hydragoguc  cathartics.  It  operates 
with  violence  even  in  minute  doses.  It  is  par- 
ticularly of  service  in  conditions  in  which  there 
is  general  dropsy  and  no  inflammatory  condi- 
tion of  the  intestinal  tract.  Elatcrin  is  given  in 
doses  of  from  1-40  to  1-10  of  a  grain. 

ELBA,  Italy  (I-at.  Ilv;  Gr.  JEtalia),  small 
island  in  the  Mediterranean  Sea,  off  the  coast 
of  Tuscany,  and  with  several  much  smaller 
isles,  lying  at  the  mouth  of  the  Gulf  of  Piom- 
bino.  The  island  of  Elba  is  18  miles  from  cast 
to  west,  with  a  width  varying  from  2y2  to  12 
miles  in  its  widest  part.  The  mountainous  dis- 
tricts of  the  island  yield  large  quantities  of 
superior  iron,  copper,  tin,  lead,  marble,  lode- 
stoncs  and  alum,  besides  wines  and  fruits. 
Tunny  and  sardine  fishing  and  the  extraction 
of  sea  salt  are  other  important  industries.  On 
the  first  abdication  of  Napoleon  in  1814,  Elba 
was  assigned  to  him  as  a  residence  and  empire. 
Here  he  accordingly  took  up  his  residence,  in 
the  month  of  May;  and  on  26  Feb.  1815,  he 
secretlv  left  the  island,  and,  landing  in  France, 
began  that  brief  and  final  career,  known  in  his- 
tory as  the  "Hundred  Days"  During  his 
sojourn  here  Napoleon  lived  at  the_  Villa  San 
Martino  in  the  town  of  Porto  Ferrajo.  It  still 
stands.  He  caused  a  road  to  be  constructed 
between  Porto  Longone  and  Porto  Ferrajo. 
Elba  has  bad  a  chequered  history;  it  belonged 
successively  to  Pisa,  Genoa,  Sora  and  Piom- 
bino.  After  1815  it  was  given  hack  to  Tuscany, 
and  in  1860.  with  the  latter  it  became  part  of 
the  Kingdom  of  Italv.  Consult  Fatichi.  <Isola 
d'Elba'  (Florence  1885).  Elba  was  a  place  of 
celebrity  in  the  time  of  the  Romans,  and  famed 
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then,  as  now,  for  its  yield  of  iron.  It  has  a 
mild  and  healthful  climate  and  the  soij  is  fertile. 
Mining,  however,  occupies  the  attention  of  the 
inhabitants  to  the  exclusion  of  agriculture.  Two 
good  ports  are  Porto  Ferrajo  and  Porto  Lon- 
gone,  both  well  fortified.   Pop.  25,480. 

ELBASSAN,  el-bas'san,  Albania,  town  on 
the  Scumbi,  35  miles  east  of  its  mouth.  It 
stands  in  the  centre  of  a  fertile  plain  and 
nearby  are  a  number  of  hot  sulphur  springs. 
There  are  small  manufactories  of  iron  and 
copper.  Pop.  about  15,000. 

ELBE,  il'bi  (ancient  Albis;  Bohemian, 
Labe),  a  river  of  Germany,  one  of  the  largest 
in  Europe.  It  rises  on  the  southwest  slopes  of 
the  Schneekoppe  or  Snowcap.  one  of  the 
Riesengebirge,  between  Bohemia  and  Silesia. 
From  this  point  it  flows  nearly  due  south  into 
Bohemia  for  about  50  miles,  when  it  turns  to 
the  west,  and  after  about  40  miles  takes  a 
general  north-northwest  direction  till  it  empties 
into  the  North  Sea,  intersecting  Saxony,  a 
considerable  portion  of  Prussia,  and  in  the 
latter  part  of  its  course  separating  Holstein 
on  its  right  from  Hanover  on  the  left.  The 
length,  including  windings,  is  upward  of  780 
miles.  The  principal  affluents  are  on  the  right, 
the  Iser,  Schwarz-Elster  and  Havel;  on  the 
left,  the  Alder,  Moldau,  Eger,  Mulda  and 
Saalc.  In  the  lower  part  of  its  course  the 
river  is  divided  by  five  large  and  seven  small 
islands  into  several  arms,  which  unite  again 
about  five  miles  below  Hamburg.  The  mean 
depth  is  10  feet,  average  breadth  900  feet.  It 
is  more  or  less  navigable  for  about  470  miles, 
but  its  estuary  at  Cuxhaven  is  much  encum- 
bered with  sandbanks.  It  is  well  stocked  with 
fish.  On  1  July  1870,  the  navigation  of  the 
Elbe  was  declared  free  from  Hamburg  to 
Mclnik  in  Bohemia.  There  is  an  important 
system  of  canal  navigation  in  connection  with 
the  Elbe,  Hamburg,  for  instance,  being  in  this 
way  connected  with  Berlin. 

ELBERFELD,  eTMr-fcld,  Germany,  town 
in  the  Prussian  Rhine  province,  15  miles  east 
of  Dtisscldorf,  in  the  beautiful  valley,  and  on 
both  sides  of  the  Wupper,  enclosed  by  lofty 
hills.  It  has  no  historical  or  antiquarian  im- 
portance. Its  prosperity  has  been  acquired 
mostly  within  the  last  century  and  is  due  to  the 
cotton  manufacture,  of  which  it  is  the  central 
locality  in  Rhenish  Prussia.  The  old  town  was 
irregularly  built  with  a  maze  of  narrow  streets, 
but  the  new  portion  has  fine  modern  streets 
with  buildings  of  the  latest  style  bordering 
them;  the  principal  of  these  are  the  courthouse 
and  the  Rathaus.  The  city  has  some  fine  public 
monuments.  It  is  an  important  industrial  cen- 
tre, especially  dealing  in  textiles,  their  manu- 
facture and  dyeing.  In  addition  to  cotton,  silks, 
woolens,  etc.,  it  manufactures  chemicals,  leather, 
furniture  and  carpets,  firearms,  rubber  goods, 
paper,  machinery  and  glass.  It  is  also  a  great 
commercial  centre  and  has  many  foreign  con- 
sulates. It  contains  a  gymnasium,  polytechnic 
school,  school  of  industrial  drawing,  an  institute 
of  music  and  a  school  for  mechanics.  Seven 
railroads  serve  the  city  and  in  addition  there 
are  electric  roads  to  nearby  centres.  During 
the  Middle  Ages  the  town  grew  around  FJber- 
fcld  Castle  and  became  a  city  in  1610.  Silk 
manufacturing  and  dye-works  were  introduced 
toward  the  close  of  the  18th  century  and  there- 


after Eibcrfeld  grew  rapidly.  It  was  early 
part  of  the  Duchy  of  Berg  and  in  1815  was 
united  to  Prussia.  It  has  a  unique  poor-relief 
system,  which  has  been  copied  in  many  parts 
of  the  world.  Pop.  170,195.  Consult  Schnell, 
'Geschichte  der  Stadt  Elberfeld'  (Elberfeld 
1900);  A.  Shadwcll,  'Industrial  Efficiency' 
(London  1906)  ;  Jordc,  'Fuhrer  durch  Elberfeld 
und  seine  Umgebung*  (Elberfeld  1902). 

ELBERFELD  SYSTEM,  a  system  of 
poor-relief  which  originated  in  the  appoint- 
ment of  six  visitors  in  1800,  to  investigate  appli- 
cations for  aid,  in  the  manufacturing  town  of 
Elberfeld,  Prussia.  The  city  was  subsequently 
divided  into  districts,  the  number  of  visitors 
was  increased  and  the  operations  developed, 
until  by  1852  what  has  become  known  univer- 
sally as  the  Elberfeld  System  was  adopted.  Its 
mam  features  are  the  division  of  the  city  into 
26  districts  subdivided  into  364  precincts,  each 
precinct  being  administered  by  an  almoner  who 
investigates  each  application,  in  case  of  emer- 
gency provides  immediate  assistance  and  as  long 
as  aid  is  afforded,  visits  the  applicant  twice  a 
month.  Money  relief  is  granted  fortnightly  ac- 
cording to  a  fixed  schedule,  any  earnings  in  the 
meantime  being  deducted-  when  needed,  work- 
ing implements  are  provided.  A  meeting  of  the 
almoners  under  the  presidency  of  an  overseer 
takes  place  every  fortnight  to  discuss  cases  and 
to  vote  necessary  relief,  a  report  of  the  meeting 
being  laid  the  next  day  before  the  directors  who 
are  chosen  from  four  councilmen  and  four 
citizens  with  the  mayor  as  chairman  ex  officio. 
The  directors  superintend  and  advise  on  the 
whole  city's  work.  The  positions  of  almoners, 
overseers  and  directors  are  of  a  purely  honor- 
ary character.  The  advantages  of  the  system 
in  the  improvement  of  the  condition  of  the 
poor  have  been  strongly  apparent,  the  ratio  of 
persons  assisted  in  1889  being  7  per  1,000  as 
against  17  per  1,000  in  1855.  See  also 
Charities. 

ELBERON,  N.  J.,  sea-coast  summer  resort 
in  Monmouth  County,  on  the  Pennsylvania  and 
the  Central  Railroad  of  New  Jersey.  Pop. 
about  250.  Here  President  James  A.  Garfield 
(q.v. )  was  taken  after  he  was  shot  by  Guiteau, 
6  Sept.  1881,  and  died  here  19  Sept 

ELBERTON,  Ga.,  city  and  county-scat  of 
Elbcrton  County;  on  the  Southern  and  the  Sea- 
board Air  Line  railroads;  90  miles  northeast 
of  Atlanta.  It  is  in  a  cotton-growing  section 
and  the  chief  industries  are  connected  with  the 
cultivating,  shipping  and  manufacturing  of  cot- 
ton. It  contains  manufactories  for  cottonseed- 
oil,  cotton  goods,  compressing  cotton,  fertilizers, 
harness,  carriage  and  wagon  shops,  ironworks, 
etc.  The  quarries  nearby  give  employment  to 
a  number.  The  city  contains  a  public  library 
and  owns  the  waterworks  and  electric-lighting 
plant.    Pop.  6,483. 

ELBEUP,  cToef,  France,  town  in  the  de- 
partment of  Seine- Infirieure,  11  miles  south- 
southwest  of  Rouen,  situated  in  a  beautiful 
valley  on  the  left  bank  of  the  Seine.  It  con- 
tains two  great  churches,  Saint  Stephen's  and 
Saint  John  the  Baptist's,  both  of  which  have 
fine  ornamental  glass.  In  the  town  and  also 
in  the  nearby  communes  there  are  several  cloth 
manufactories,  mostly  flannels,  double-twilled 
cloth  and  waterproofed  cloth  and  light  woolens. 
There  arc  schools  for  instruction  in  all  the 
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branches  of  the  local  industry.  Until  the  revo- 
cation of  the  Edict  of  Nantes  there  were  up- 
ward of  60  cloth  manufactories  here,  but  the 
dislocation  caused  at  that  time  was  not  remedied 
until  1790,  and  the  industry  did  not  recover 
fully  until  about  1840.   Pop.  1S\290. 

ELBING,  Germany,  seaport  town,  in  West 
Prussia,  on  the  Elbing,  near  its  entrance  into 
the  Frisches-Haff,  32  miles  cast-southeast  of 
Dantzic.  It  is  divided  into  the  old  and  new 
towns,  the  former  of  which  was  once  sur- 
rounded by  turreted  walls  and  gates,  but  these 
for  the  most  part  have  been  removed.  It  has 
shipbuilding  yards,  which  do  a  considerable 
trade  in  building  and  repairing  vessels.  Its 
manufactures  include  machinery,  chicory,  lum- 
ber, flax  and  hemp  yarn,  woolen  and  cotton  cloth, 
leather,  soap,  tobacco  and  beer  as  well  as  trade 
in  agricultural  products.  There  are  also  oil 
manufactories,  iron  foundries  dye  and  print 
works  and  the  famous  Schicnau  shipbuilding 
works  for  the  construction  of  war  vessels.  Elb- 
ing has  excellent  railway  facilities  and  is  in 
steamboat  communication  with  Dantzic  and 
Konigsberg.  By  means  of  a  canal  it  has  connec- 
tion with  the  Vistula,  and  the  harbor  was  im- 
proved by  the  opening  in  1884  of  a  mole  3,500 
yards  long.  The  town  was  founded  in  the  early 
13th  century  by  colonists  who  were  natives  of 
Bremen  and  Lubcck.  The  town  grew  up 
around  the  fortress  of  the  Teutonic  Knights. 
It  became  a  Hanse  town  but  Poland  took  it  in 
1454.  During  the  religious  wars  the  place  was 
in  turmoil  and  also  suffered  much  during  the 
wars  between  Poland,  Russia  and  Sweden.  In 
1772  it  was  annexed  to  Prussia.  For  many 
decades  it  declined  but  within  the  present  gen- 
eration has  once  more  become  a  thriving  centre. 
Pop.  58,636. 

ELBOW.   See  Asm. 
ELBOW  JOINT.  See  Ahm. 

ELBOW  PIECES,  a  mediaeval  armor,  the 
plates  used  to  cover  the  junction  of  the  pieces 
which  covered  the  upper  and  lower  half  of  the 
arm.  These  plates  were  mostly  disc-formed, 
cup- formed,  or  articulated.  Consult  Ashdown, 
'Arms  and  Armor'  (New  York  1909). 

ELBRUZ,  elVooz,  or  ELBURZ,  (1)  A 
mountain  range  of  Persia,  running  for  450 
miles  along  the  southern  border  of  the  Caspian 
Sea.  It  has  a  number  of  subordinate  parallel 
ridges,  enclosing  extensive  and  fertile  valleys ; 
and  unlike  most  Persian  ranges,  it  has  numerous 
prominent  spurs,  the  highest  peak  being  Mount 
Demavend  (q.v  ).  The  principal  traversing 
river  is  the  Kizil  Uzen,  which  flows  into  the 
Caspian  Sea.  The  average  altitude  is  5,000 
feet.  (2)  Elbruz  is  also  the  name  of  the  loft- 
iest summit  of  the  Caucasus. 

ELCESAITES,  el-se'sa-Its,  or  ELKE- 
SAITES,  a  sect  founded  in  the  2d  century,  dur- 
ing the  reign  of  Trajan.  They  derived  their 
belief  from  the  teachings  of  the  Book  of  Elkcsai, 
supposed  to  have  been  inspired  by  an  angel. 
Their  system  seems  to  have  been  a  commingling 
of  Oriental  philosophy  with  Sudaism  and  early 
Christianity,  probably  put  into  practice  with 
the  idea  of  satisfying  the  want  of  those  persons 
seriously  troubled  by  the  religious  chaos  of  the 
day  caused  by  the  mighty  conflict  of  greater 
creeds.  The  followers  of'Elkesai  or  Elxai  are 
often  confounded  with  Ebionites  (q.v.).  The 


best  account  we  have  of  the  Elcesaites  is  given 
by  Hippolytus  in  his  chief  work,  'Philosophu 
mena.' 

ELCHE,  el'cha,  Spain,  town  of  the  province 
of  Alicante,  13  miles  southwest  of  the  town  of 
that  name,  on  the  railway  joining  Alicante  and 
Murcia.  The  surrounding  groves  of  palm  tree* 
supplies  all  Spain  with  palm  leaves  for  Palm 
Sunday,  and  the  dates  are  exported  in  large 
quantities.  There  is  also  a  trade  in  pomegran- 
ates. Brandy,  oil,  woolens,  shoes  and  sandals 
of  esparto  grass,  mats  of  the  same  material, 
soap  and  leather  arc  the  principal  manufactures. 
The  town  has  a  fine,  lofty-domed  church,  a 
bishop's  palace  and  a  hospital.  Elche  is  of 
Roman  origin  and  was  early  a  place  of  import- 
ance. In  the  middle  of  August  every  year 
Elche  is  the  scene  of  a  mediaeval  religious 
drama— 'La  Festa  6  Misterio  de  Elche.'  In 
some  respects  it  resembles  the  'Passion  Play,' 
at  Obcrammergau  and  deals  with  the  Assump- 
tion of  the  Virgin  Mary.  For  the  festival  con- 
sult Paris,  Pierre,  'Les  Fetes  de  1'Assomption 
a  Elche,  l'Espagnc'  (in  Le  Correspondant,  Vol. 
CXCII,  p.  156,  1898).  Elche  has  a  population 
of  about  30,000. 

ELCHINGEN,  a'nlng-in,  Bavaria,  village 
on  the  Danube,  nine  miles  northeast  of  Ulm, 
which  gave  the  title  of  Duke  of  Elchingen  to 
Marshal  Ney,  who  here  defeated  the  Austrians 
14  Oct.  1805.  In  the  neighborhood  are  the 
ruins  of  a  Benedictine  Abbey  of  the  same  name, 
founded  in  1128.  There  are  two  villages,  Ober 
and  Unter  Elchingen,  the  former  on  the  same 
hill  with  the  abbey,  the  latter  to  the  northeast 
of  it.  The  hill  on  which  the  abbey  stood  was 
occupied  by  Mack,  who  had  his  headquarters 
in  Ulm;  while  Ney,  on  the  right  bank  of  the 
river,  repaired  the  bridge  of  Elchingen,  forced 
the  passage  of  the  river,  and  took  Elchingen  by 
storm. 

ELDER,  John,  Scottish  engineer:  b.  Glas- 
gow 1824;  d.  1869.  Educated  in  Glasgow,  he 
was  first  employed  as  director  of  the  drawing 
office  of  Napier's  establishment,  becoming  later 
a  member  of  the  great  ship-building  firm  which 
was  known  after  1860  as  Randolph,  Elder  & 
Company,  employing  more  than  4,000  men.  His 
fame  rests  upon  his  invention  of  the  com- 
pound or  combined  high  and  low  pressure  en- 
gines, saving  nearly  40  per  cent  of  fuel. 

ELDER,  William  Henry,  American  Roman 
Catholic  prelate:  b.  Baltimore,  Md„  22  March 
1819;  d.  31  Oct.  1904.  When  12  years  old 
he  entered  Mount  Saint  Mary's  College,  Mary- 
land, and  at  18  was  graduated  and  sent  to  Rome, 
where  he  was  ordained  priest  29  March  1846. 
Returning  to  America,  he  accepted  the  profess- 
orship of  theology  at  Mount  Saint  Mary'Sp  be- 
came its  president,  and  remained  here  until 
consecrated  hishop  of  Natchez,  3  May  1857. 
On  one  occasion,  when  the  Federal  authorities, 
who  had  taken  possession  of  the  city,  bade 
Bishop  Elder  offer  certain  public  prayers  and 
command  his  clergy  to  do  likewise,  he  stoutly 
refused,  declaring  that  in  thus  ordering  him 
they  were  usurping  the  right  of  religious  lib- 
erty, and  rather  than  comply  he  accepted  im- 
prisonment ;  when  the  case  was  reported  at 
Washington  he  was  promptly  released.  In 
1878  Natchez  was  visited  by  an  epidemic  of 
yellow  fever  and  the  bishop  fell  a  victim  to  the 
plague,  which  carried  him  to  the  point  of  death. 
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In  1880  he  left  Natchez  to  assume  the  duties 
of  coadjutor  to  Archbishop  Purcell,  of  Cincin- 
nati, Ohio,  who  at  once  retired,  leaving  Bishop 
Elder  to  settle  the  perplexing  difficulties  that 
disturbed  the  diocese.  Upon  the  death  of  Arch- 
bishop Purcell,  in  1883,  Bishop  Elder  succeeded 
to  the  archbishopric  of  Cincinnati. 

ELDER,  Sambucus,  a  genus  of  shrubs  or 
small  trees  and  a  few  perennial  herbs  of  the 
natural  order  Cafrifoliateee.  There  are  about 
20  widely  distributed  species  characterized  by 
opposite,  pinnate  leaves,  small  white  flowers 
usually  in  compound  cymes,  and  black,  red, 
white  or  green,  juicy  fruits  (berries  or  drupes). 
Many  of  the  species  are  used  in  ornamental 
planting,  since  they  are  readily  propagated  by 
root  and  stem  cuttings,  succeed  well  upon  nearly 
all  soils,  are  of  rapid  growth,  graceful  form, 
and  are  attractive  both  in  flower  and  fruit.  The 
best-known  species  in  America  is  S.  canadensis, 
the  common  or  sweet  elder,  which  is  frequently 
seen  in  fence- rows,  along  roadsides,  and  on  the 
margins  of  woods  throughout  southern  Canada 
and  the  greater  part  of  the  United  States.  It 
attains  a  height  of  10  feet  or  more,  bears  abund- 
ant fragrant  flowers  in  midsummer  and  black 
berries  in  early  autumn.  These  fruits  are  used 
where  they  can  be  obtained  plentifully  for  mak- 
ing pics  and  elderberry  wine.  Several  horti- 
cultural varieties  have  been  introduced  for  their 
golden  or  variegated  foliage,  and  one  variety 
with  large  fruits  was  introduced  in  1890  The 
flowers  are  used  for  making  a  wine,  a  perfume, 
and  a  ■water"  used  in  confectionery.  Eco- 
nomically this  species  ranks  as  a  minor  fruit. 
Like  some  other  members  of  its  genus,  it  has 
also  been  used  in  medicine,  but  is  rapidly  giving 
place  to  other  drugs.  Probably  5".  nigra,  the 
common  European  elder,  ranks  next  in  im- 
portance. It  is  much  larger,  often  attaining  a 
height  of  more  than  20  feet.  The  yellow,  hard, 
tough  wood  is  readily  polished  and  is  used  for 
making  skewers,  fishing-rods,  needles  for  mak- 
ing fish-nets,  and  as  a  substitute  for  boxwood. 
It  is  also  employed  for  the  same  horticultural 
and  economic  purposes  as  the  preceding  species, 
and  has  numerous  fancy-leaved  varieties.  Other 
well-known  species  are  the  scarlet  elder  (5". 
racemosa),  an  Old- World  species,  and  the  red- 
berried  elder  (5*.  pubens).  a  native  of  North 
America,  considered  by  some  botanists  to  be 
identical.      There  are  also  several  unrelated 

Slants  which  are  popularly  known  as  elder,  as 
ox  elder  (Negundo  aceroides),  wild  elder 
(Aralia  hisfida),  also  known  as  bristly  sarsapa- 
rilla,  and  marsh-elder  (Iva  frulescens). 

ELDERS,  in  certain  churches,  a  body  of 
men  elected  by  the  communicants  from  among 
their  number  to  aid  the  minister  in  portions 
of  his  work.  With  the  minister,  they  consti- 
tute the  executive  body  of  the  congregation. 
Among  the  Jews  the  elders  were  the  rulers  or 
magistrates  of  the  people.  The  instinct  of 
mankind  considers  the  old  fitter  than  the  voting 
to  rule,  and  at  first  probably  every  "elder*  was 
really  pretty  well  advanced  in  life;  but  the 
desiRnation  ultimately  came  to  be  used  more 
of  office  than  of  age.  *The  elders  of  the  con- 
gregation,* or  simply  "the  elders*  are  men- 
tioned as  early  as  Lev.  iv,  15.  Seventy  of  them 
were  appointed  as  associates  of  Moses  (Num. 
xi,  16).  They  are  combined  with  the  officers 
(Deut.  xix,  12),  with  the  princes  (Ezra  x,  8), 
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with  the  priests  (Lam.  i,  19).  In  the  New  Tes- 
tament they  are  described  as  having  given  cur- 
rency to  traditions  (Matt,  xv,  2),  and  taken  a 
chief  part  in  compassing  the  death  of  Jesus 
(Matt,  xx vi,  59;  xxvii,  20),  etc.  There  were 
elders,  also,  of  single  towns,  as  of  Succoth 
(Judges  viii,  14),  and  of  Jezrecl  (2  Kings  x,  1). 
The  churches  of  the  Reformation  found  this 
form  of  lay  assistant  well  adapted  to  their  sys- 
tems of  church  government.  Where  the  Church 
and  State  have  some  interrelation,  the  election 
of  such  officers  is  regulated  by  civil  law.  In 
the  Baptist  churches,  the  pastors  were  called 
elders,  but  the  name  came  to  be  applied  exclu- 
sively to  the  missionaries  later  on.  In  the  Pres- 
byterian Church,  the  ruling  elders  have  the 
function  of  assisting  in  the  government  of  the 
Church,  under  the  supervision  of  the  Presby- 
tery. In  the  Dutch  and  German  Reformed 
churches,  the  elders  and  deacons  assist  the 
clergyman  and  there  is  also  a  ruling  elder.  The 
Methodist  Episcopal  Church  has  a  similar  of- 
fice, but  the  ruling  elder  is  an  ordained  clergy- 
man appointed  by  the  bishop.  The  Shakers 
have  four  elders,  two  male  and  two  female. 
The  elders  in  the  Mormon  Church  are  the 
Melchizcdek  priesthood.  The  apostles,  the  sev- 
enty, the  patriarchs  and  the  high  priest  are  in- 
cluded in  their  number,  and  it  is  their  duty  to 
preach,  ordain  other  priests  and  deacons,  to 
lead  meetings,  baptize  and  bless. 

ELDON,  John  Scott,  1st  Earl  of,  English 
jurist  and  Lord  Chancellor:  b.  Newcastle,  4 
June  1751;  d.  London,  13  Jan.  1838.  He  was 
educated  at  Oxford,  at  University  College,  re- 
ceiving his  M.A.  in  1773.  In  1771  he  won  an 
English  prize  by  his  essay  on  'The  Advantages 
and  Disadvantages  of  Travelling  into  Foreign 
Countries.*  He  had  intended  taking  clerical 
orders,  but  gave  up  the  idea  in  order  to  marry 
Elizabeth  Surtees,  the  daughter  of  a  wealthy 
banker  of  Newcastle-upon-Tyne  (1772).  Scott 
was  readmitted  to  the  university  and  entered 
the  Middle  Temple  in  1773,  where  he  began  the 
study  of  law  and  supported  himself  by  tutor- 
ing. His  success  in  the  law  was  rapid.  He  be- 
came a  member  of  the  bar  in  1776,  a  bencher  in 
1783,  and  in  the  same  year  was  made  one  of  the 
king's  counsels.  His  sound  knowledge  of  the 
law  atoned  for  his  ineffective  oratory  and  he 
entered  Parliament  in  1783,  where  he  soon 
made  his  mark  as  an  independent  and  serious 
thinker.  He  supported  the  Pitt  ministry  and 
in  1788  was  knighted.  In  the  same  year,  he  was 
made  solicitor-general.  On  Thurlow's  dis- 
missal from  the  new  Parliament  he  offered  his 
resignation  to  Pitt,  but  was  induced  to  return, 
and  in  1793  succeeded  Sir  Archibald  Mac  Don- 
ald as  Attorney-General.  His  association  with 
the  rigorous  administration  made  him  exceed- 
ingly unpopular.  His  measures  in  the  state 
trials,  his  strict  interpretations  of  the  treason 
laws  and  the  vigorous  laws  he  assisted  in  pro- 
mulgating heightened  the  effect  of  his  severity. 
In  1799  he  was  chosen  to  succeed  Sir  James 
Eyre  as  lord  chief  justice  of  the  Common 
Pleas,  and  also  became  sergeant-at-law  and  a 
member  of  the  privy  council  and  board  of  trade. 
He  was  also  raised  to  the  peerage  as  Baron 
Eldon  of  Eldon,  in  the  county  of  Durham, 
where  he  had  bought  an  estate.  He  became 
Chief  Justice  in  1801,  and  Lord  Chancellor 
of  England.   Throughout  the  king's  illness  he 
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administered  affairs  with  great  surety  and  force. 
After  the  death  of  Pitt,  he  was  forced  to  with- 
draw, but  was  returned  in  1807  in  the  Port- 
land administration,  where  he  soon  became  the 
foremost  member  of  the  Cabinet.  He  bent  all 
his  able  energies  to  the  subjugation  of 
Napoleon.  He  was  the  king's  strongest  ad- 
herent and  served  him  with  all  his  powers.  In 
1811,  when  the  king's  lunacy  became  chronic, 
Eldon  immediately  undertook  to  gain  the 
confidence  of  the  prince.  In  spite  of  attacks  by 
his  enemies,  he  succeeded  and  by  assisting  in 
the  formation  of  the  Liverpool  cabinet,  re- 
entrenched  the  Tory  policies.  He  arranged  for 
the  marriage  of  the  Princess  Charlotte  with 
Prince  Leopold  of  Saxc-Coburg.  His  resist- 
ance to  the  queen's  plans  rendered  him  again 
unpopular  with  the  mass  of  people,  but  gained 
him  the  loyalty  of  the  Prince,  who  just  before 
his  coronation  as  George  IV  bestowed  on  him 
the  titles  of  Viscount  Encombc  and  Earl  of 
Eldon.  However,  this  marked  the  highest  point 
of  his  career.  After  the  death  of  the  queen, 
Canning's  party  came  into  power  and  Eldon 
resigned  from  the  Cabinet.  He  continued  to 
take  an  interest  in  politics  and  his  opinions 
were  highly  esteemed  by  his  fellow  Tories. 
He  survived  to  take  oaths  of  fealty  to  Queen 
Victoria. 

Eldon  was  an  able  jurist  and  administrator, 
of  fascinating  personality  and  an  agreeable  com- 
panion. His  faults  lay  in  his  adherence  to  the 
strict  letters  of  the  law,  his  sophistry  and  his 
insistence  on  hair-splitting  definitions  and  dis- 
tinctions. His  decisions  were  never  hasty  nor 
ill-founded.  Consult  Townsend,  'Lives  of 
Twelve  Eminent  Judges'  (London  1846) ; 
Twiss,  'Life  of  Lord-Chancellor  Eldon'  (ib. 
1844);  Surtees,  'Sketch  of  the  Lives  of  Lords 
Stowell  and  Eldon*  (1846);  Campbell,  'Lives 
of  the  Chancellors'  (1874). 

ELDORA,  Iowa,  city,  county-seat  of  Har- 
din County,  near  the  Iowa  River,  on  the  Iowa 
Central,  and  the  Chicago  and  Northwestern 
railroads;  122  miles  west  of  Dubuque.  The  city 
is  the  scat  of  the  State  Industrial  School  for 
Boys,  has  a  Carnegie  library  and  a  public  park. 
Agriculture  and  stock-raising  arc  its  chief  in- 
terests, but  fire  and  brick  clay  and  coal  arc 
found  nearby.  It  has  manufactures  of  brick, 
tiles,  flour,  foundry  products  and  lumber.  The 
waterworks  are  the  property  of  the  municipal- 
ity.  Pop.  1,995. 

ELDORADO,  111.,  city  in  Saline  County, 
eight  miles  northeast  of  Harrisburg,  on  the 
Cleveland,  Cincinnati,  Chicago  and  Saint  Louis, 
the  Illinois  Central,  and  the  Louisville  and 
Nashville  railroads.  It  has  coal  mines,  flour 
mills,  bottling  works,  a  machine  shop  and 
foundry,  lumber  yards  and  manufactories  of 
medicines,  candy,  cigars  and  brick  and  tile. 
Pop.  3,365. 

ELDORADO  (from  the  Spanish  El  Do- 
rado, the  Gilded  Man),  the  region  of  undis- 
covered treasure  in  South  America.  In  the 
article  Dabaiba  we  have  traced  the  famous 
Eldorado  myth  back  to  those  stories  which, 
at  the  beginning  of  the  16th  century,  were  cur- 
rent among  the  Indians  of  Darien  about  'a 
temple  lined  with  gold,'  and  have  shown  why 
the  Spanish  explorers  failed  to  recognize  in 
distant  Cuzco,  with  its  temple  of  the  sun-god, 
the  real  basis  of  such  accounts.  The  name  Eldo- 


rado, however,  with  which  the  ever-receding  or 
shifting  territory,  the  subject  of  all  those  stories, 
has  been  stamped,  was  at  first  not  the  name  of 
a  place  but  of  a  person;  and  the  name-giving 
addition  to  the  myth  is  localized  very  precisely 
in  the  table-land  of  Bogota,  as  follows:  Lake 
Guatavita  (north  of  the.  present  capital  of  Co- 
lombia and  nearly  two  miles  above  sea-level) 
was  regarded  by  Indian  tribes  dwelling  in  that 
neighborhood  in  the  15th  century  as  a  holy  place, 
and  pilgrims  who  resorted  to  it  often  cast  their 
offerings  of  gold  and  emeralds  into  its  waters. 
Whenever  a  new  chief  of  Guatavita  was  chosen, 
nobles  and  priests  of  his  tribe  bore  him  to  the 
lake,  as  Mr.  Bandclier  (in  work  mentioned  be- 
low) has  written  'upon  a  barrow  hung  with 
discs  of  gold.  His  naked  body  was  anointed 
with  resinous  gums  and  covered  all  over  with 
gold-dust.'  The  chief  plunged  into  the  lake; 
spectators  made  the  usual  offerings  of  gold  and 
jewels;  and,  on  the  conclusion  of  this  ceremony 
of  consecration,  the  new  ruler  and  his  subjects 
went  down  to  dance  and  feast  in  Guatavita 
village.  The  Chibchas  (q.v.)  conquered  Guata- 
vita about  the  end  of  the  15th  century,  and 
under  their  general  government  this  extraordi- 
nary local  custom  had  been  discontinued  for  a 
number  of  years  before  the  first  Spanish  settle- 
ments were  made  on  the  Caribbean  coast  — 
there  was  no  longer  an  independent  Guatavita 
chief  to  signify  his  acceptance  of  the  local 
religious  beliefs  in  a  fashion  so  dramatic ;  but 
native  folk-lore  continued  for  a  century,  at 
least,  to  make  much  of  this  glittering  symbolic 
figure  and  the  sacred  lake.  In  1529,  Dalfingcr, 
governor  of  the  German  colony  in  Venezuela, 
set  out  from  his  little  capital  of  Coro,  and 
probably  reached  the  edge  of  the  high  plain  of 
Bogota  by  way  of  the  Magdalena  River ;  there 
the  resistance  of  the  Indians  obliged  him  to 
turn  back.  Four  years  later  the  report  of  the 
vast  treasure  secured  by  the  conquerors  of 
Peru  (Atahualpa's  'ransom*  alone  was  officially 
valued  at  3,933.000  ducats  of  gold  and  672,670 
ducats  of  silver)  appeared  to  justify  ventures 
undertaken  in  reliance  upon  the  wildest  Eldo- 
rado talcs.  It  is  also  true  that  a  fresh  outbreak 
of  the  gold-fever  affected  the  Spanish  colonists 
everywhere  in  America,  more  or  less,  but 
especially  those  in  the  agricultural  settlements; 
and  that  leaders  of  those  colonics,  in  order  to 
retain  their  men,  were  obliged  to  make  fresh 
efforts  to  find  treasure.  In  Santa  Marta,  an 
expedition  was  organized  to  ascend  the  Mag- 
dalena River  to  the  highlands;  at  Coro,  Georg 
von  Speycr  organized  a  campaign  for  the  ex- 
ploration of  the  Mcta  plain,  far  inland.  The 
former  expedition  under  command  of  Quesada 
in  1537  reached  the  old  home  of  the  gilded 
chief;  and  although  Guatavita  either  hid  its 
gold  or  was  actually  poor  (40  years  having 
passed  since  it  had  ceased  to  be  a  place  of  pil- 
grimage), the  treasure  collected  in  this  neigh- 
borhood, principally  at  the  villages  of  Tunja 
and  Iraca,  was  officially  valued  at  246,676  pesos 
in  gold,  or  about  $1,200,000,  besides  1.815  em- 
eralds. Von  Speyer  went  astray  among  the  trib- 
utaries of  the  upper  Orinoco,  but  his  lieutenant, 
the  German,  Nicolaus  Federmann,  leading  a 
company  from  Coro,  reached  the  Bogota  high- 
lands in  time  to  meet  there  not  only  Quesada 
but  the  conqueror  of  Ecuador  Benakazar.  who 
came  up  from  the  south,  having  also  heard  the 
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story  of  the  Gilded  Man.  Each  of  these  leaders 

considered  himself  the  discoverer  of  the  country, 
and  they  proceeded  together  to  Spain,  to  submit 
their  claims  to  the  Spanish  court,  leaving  their 
forces  to  hold  the  Eldorado  which  had  been 
despoiled  by  the  Chibchas,  ransacked  by  them- 
selves. 

We  are,  therefore,  unable  to  agree  with  the 
distinguished  American  archaeologist  when  he 
says  that,  after  this  time,  "Transplanted  by  the 
oycr-excited  imagination  of  the  white  men,  the 
vision  of  the  dorado  appeared,  like  a  mirage, 
enticing,  deceiving,  and  leading  men  to  destruc- 
tion on  the  banks  of  the  Orinoco  and  the  Ama- 
zon." His  "Gilded  Man*  had  been  located,  and 
that  part  of  the  myth  was  buried.  Subsequent 
explorations  were  planned  to  discover  rich 
countries  which  were  Eldorados  only  in  the 
modern  sense  of  the  word ;  and  we  find  that  the 
word  was  used  with  nearly  its  present  significa- 
tion at  the  time  when  the  Amazon  River  re- 
ceived its  name.  The  legend  is  especially  note- 
worthy in  connection  with  the  history  of  the 
Venezuelan  settlement  under  the  direction  of 
the  German  Welsers.  Having  received  the  prov- 
ince from  the  Spanish  crown  practically  as  a 
mortgage  security  for  money  loaned,  Welscr 
and  his  associates  tried  to  recover  the  advances 
they  had  made  from  the  revenues  of  the  dis- 
trict; and  since  the  coast  lands  were  found  to 
be  less  profitable  than  they  had  expected,  they 
engaged  in  one  Eldorado  expedition  after 
another.  Dalfinger,  Federmann,  and  Von  Spcycr 
have  been  mentioned;  before  the  utter  ruin  and 
failure  of  the  colony  at  Coro,  Von  Hutten's 
expedition  penetrated  to  Omagua,  a  region  near 
the  Amazon,  west  of  Rio  Negro  and  the  Cassi- 
quiare.  The  Spanish  conquerors  of  Peru  and 
Ecuador  were  led  by  the  search  for  further 
stores  of  wealth  to  make  the  most  important 
geographical  discoveries  east  of  the  Andes. 
Gonzalo  Pizarro  set  out  from  Quito  to  explore 
the  forests  (1539-42),  hoping  to  find  spices 
there,  and  also  *wealthy  regions  in  which  the 
people  went  around  adorned  with  gold."  His 
lieutenant,  Francisco  de  Orcllana,  with  53  men 
in  a  bark,  becoming  separated  from  the  main 
body  of  the  expedition,  went  on  down  the 
Amazon  to  its  mouth.  The  Dominican  Car- 
vajal,  Orellana's  chronicler,  relates  that  women 
took  part  in  the  fighting  against  the  Spaniards, 
and  that  a  captive  Indian  spoke  of  a  tribe  of 
Amazons  rich  in  gold  living  north  of  the  river. 
(Compare  Prescott's  'Conquest  of  Peru,'  II, 
164-65,  note).  Wandering  Indians  brought  to 
Peru  about  the  middle  of  the  16th  century 
reports  of  countries  rich  in  gold  and  silver, 
which  lay  far  eastward;  and  the  viceroy  made 
use  of  the  Eldorado  fever  thus  excited  to  rid 
Peru  of  a  large  number  of  disorderly  persons. 
In  1560  a  company  of  criminals  and  desperadoes, 
with  women,  set  out  from  Santa  Cruz  de  Capa- 
coba,  proceeding  in  boats,  canoes  and  even  upon 
rafts,  down  a  tributary  of  the  Amazon,  under 
the  leadership  of  Pedro  de  Ursua.  In  January 
1561,  Ursua  was  murdered  by  conspirators  and 
eventually  Aguirre,  chief  conspirator,  trans- 
formed the  remnant  of  the  expedition  into  a 
piratical  band;  captured  the  island  of  Mar- 
garita and  invaded  Venezuela.  At  least  four 
Eldorado  expeditions  proceeded  from  the  north 
coast  toward  the  interior  before  the  end  of  the 
century,  in  addition  to  that  one  which  Sir  Wal- 


ter Raleigh  led  in  1595.  Consult  Bandelier, 
A  F.  A.,  'The  Gilded  Man'  (New  York 
1893) ;  and  Brinton,  D.  G.,  'The  Myths  of  the 
New  World*  (New  York  1868  and  1896). 

Markion  Wilcox. 

ELDORADO  SPRINGS,  Mo.,  city  in 
Cedar  County,  100  miles  southeast  of  Kansas 
City,  on  the  Missouri,  Kansas  and  Texas  Rail- 
road. The  principal  industry  is  the  bottling  of 
water  from  the  mineral  springs.  Farming  and 
stock  raising  are  carried  on  also.  The  water- 
works are  owned  by  the  municipality.  Pop. 
2,503. 

ELDRIDGE,  Shaler  W.,  American  aboli- 
tionist: b.  West  Springfield,  Mass.,  1817;  d. 
Lawrence,  Kan.,  17  Jan.  1899.  He  removed  to 
Kansas  in  1855,  and  became  proprietor  of  the 
American  House  in  Kansas  City,  soon  recog- 
nized as  the  headquarters  of  Frcesoilers.  In 
1856  Eldridge  opened  the  Free-State  Hotel  in 
Lawrence,  but  soon  afterward  a  pro-slavery 
court  issued  a  writ  of  indictment,  declaring  the 
place  a  nuisance,  and  it  was  destroyed  by  a 
posse  led  by  Sheriff  Jones.  This  occurrence 
caused  great  excitement  among  the  Freesoil 
men,  who  commissioned  Eldridge  to  visit  Wash- 
ington with  a  petition  in  their  behalf  and  also 
to  sit  in  the  convention  that  nominated  Fre- 
mont. Later  he  became  a  member  of  the 
National  Republican  Committee  and  agent  to 
promote  immigration  into  Kansas.  Under  the 
last  authority  he  led  a  large  number  of  settlers 
to  Kansas.  During  one  of  these  trips,  with  a 
party  of  350  men,  he  was  taken  prisoner  by 
United  States  troops.  Subsequently  he  re- 
cruited a  party  of  Freesoilers,  who  retook  the 
arms  from  the  United  States  officers  at  Lecomp- 
ton.  He  was  instrumental  in  giving  much  aid 
to  the  Free-State  cause  by  smuggling  large 
amounts  of  ammunition  and  provisions  into 
Kansas  Territory.  During  the  Civil  War  he 
served  in  the  Union  Army. 

ELD'S  DEER,  a  deer  (Cervus  eldi)  native 
to  the  Malayan  region.  It  is  about  four  feet  tall, 
lives  in  swampy  places  and  is  often  found  in 
large  herds.  Its  habits  are  like  those  of  the 
Indian  swamp-deer.  The  antlers  are  peculiar  in 
that  the  brow-tine  sweeps  down  over  the  fore- 
head and  that  the  upright  part  has  numerous 
points. 

ELEANOR  OP  AQUITAINE,  queen  of 
France  and  afterward  of  England:  b.  1122;  d. 
Fontevrault,  France,  1  April  1204.  She  was  the 
eldest  daughter  and  heiress  of  William  IX, 
Duke  of  Guienne  or  Aquitaine,  and  was  mar- 
ried 2  Aug.  1137,  to  Prince  Louis,  who  in  the 
same  year  succeeded  to  the  throne  of  France 
as  Louis  VII.  She  was  gay,  frivolous,  a  lover 
of  poetry  and  art,  and  could  not  sympathize 
with  the  ascetic  spirit  of  her  husband.  She 
accompanied  him  on  the  second  crusade  to 
the  Holy  Land  in  1147.  At  that  time  he  com- 
plained of  her  preference  for  other  men,  and 
on  their  return  from  Asia  they  were  divorced 
18  March  1152.  A  short  time  afterward  she 
bestowed  her  hand  upon  Henry  Plantagcnet, 
the  future  Henry  II  of  England.  This  alliance, 
which  made  Henry  master  of  Eleanor's  vast 
possessions  in  France,  produced  pernicious  and 
protracted  wars  between  France  and  England. 
She  bore  him  many  children,  but  his  infidelities 
and  neglect  changed  her  love  into  hatred.  She 
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incited  her  sons  Geoffrey  and  Richard  Cceur 
de  Lion  to  rebel  against  their  father,  was  im- 
prisoned in  1174,  and  remained  in  confinement 
until  after  Henry's  death  in  1189,  when  she 
was  released  by  his  successor,  Richard  I,  who 
placed  her  at  the  bead  of  the  government  on 
his  departure  for  the  Holy  Land.  She  nego- 
tiated bis  marriage  with  the  daughter  of  the 
king  of  Navarre,  and  went  to  Germany  with 
his  ransom  from  captivity.  She  afterward  .re- 
tired to  the  abbey  of  Fontcvrault  and  surviving 
Richard,  lived  to  sec  him  succeeded  by  one  of 
her  other  sons,  John  Lackland,  the  signer  of 
Magna  Charta.  She  was  a  favorite  personage 
with  the  troubadour  poets  of  the  day  and  ap- 
pears in  a  very  different  light  in  their  works 
from  that  in  which  she  is  represented  by  French 
and  Norman  chroniclers.  Consult  Adams, 
'History  of  England,  1066-1216>  (London 
1905). 

ELEANOR  CROSSES,  memorials  of 
Eleanor  of  Castile.  She  was  the  wife  of  Ed- 
ward I  of  England,  and  d.  Lincolnshire  1290. 
Her  body  was  taken  to  London  by  her  sorrow- 
ing husband  who  subsequently  erected  a  monu- 
ment, terminating  in  a  cross,  at  every  spot 
where  her  funeral  train  had  rested.  These 
places  were  Lincoln,  Grantham,  Stamford,  Ged- 
dington,  Northampton,  Stony  Stratford,  Wo- 
burn,  Dunstable,  Saint  Albans,  Waltham,  East 
Cheap  and  Charing  Cross,  but  the  list  varies 
slightly  as  given  by  different  authorities.  The 
crosses  at  Gcddington  and  Waltham  remain, 
although  considerably  altered  by  restoration  in 
the  latter  case.  That  at  Charing  Cross,  de- 
stroyed in  1647,  was  replaced  in  1863  by  a  new 
one  reproducing  the  original. 

ELEATICS,  e-le-atlks,  a  Greek  sect,  so 
called  because  founded  at  Elea,  in  Sicily,  by 
Xenophanes  of  Colophon,  about  538  n.c.  Zeno, 
who  flourished  464  B.C.;  Empcdocles,  435  B.C.; 
and  Melissus  428  B.C.,  were  leading  philosophers 
of  this  school.  That  which  from  the  commence- 
ment distinguished  the  Elcatic  school  from  the 
Ionic  was  ts  method,  whkh  in  the  one  case  was 
dialectic,  in  the  other  empirical.  Starting  from 
the  observation  of  external  nature,  the  lontans 
endeavored  to  discover  some  elementary  prin- 
ciple, as  water,  air,  fire  or  a  combination  of 
elements,  by  the  action  of  which  the  phenomena 
they  observed  might  be  accounted  for.  The 
Eleans  made  the  abstract  idea  of  Being  or  God, 
deduced  from  the  contemplation  of  the  universe 
as  a  whole,  their  starting-point;  and  their 
reasonings  sometimes  led  them  to  deny  the 
reality  of  external  phenomena  altogether.  This 
was  the  result  of  the  development  which  the 

) principles  of  Xenophanes  received  from  his  fol- 
owers  Parmenides  and  Zeno,  the  latter  of  whom 
denied  the  existence  of  variety  in  any  form. 
See  also  Ionian  Philosophv;  Ionian  School; 
Xenophanfs;  Zf.no  Consult  Windelband, 
'History  of  Philosophy.) 

ELECAMPANE,  el-e-kam-pan'  (Inula 
htlenium),  a  plant  of  the  sunflower  family 
(Composite).  The  stem  is  three  or  four  feet 
high,  thick,  pubescent  and  branching  above ;  the 
radical  leaves  are  often  two  feet  or  more  in 
length;  the  flowers  are  large  and  yellow.  The 
plant  is  a  native  of  Europe  and  Asia,  naturalized 
m  the  United  States.  It  grows  abundantly  along 
roads  and  in  waste  places.  The  root  is  perennial 
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and  has  a  bitter  aromatic  taste.  Elecampane  is 
cultivated  occasionally  as  an  ornamental  plant 
and  the  flowers  are  sometimes  used  to  adulterate 
arnica.  The  root  was  formerly  much  employed 
in  medicine,  but  has  fallen  into  disuse.  It  con- 
tains a  number  of  active  principles,  the  most  im- 
portant being  a  volatile  oil,  a  camphor,  inulin 
and  helenin.  By  reason  of  the  camphor  and 
the  oil  the  action  of  the  drug  is  somewhat 
stimulant  and  stomachic.  Elecampane  was  once 
very  much  used  in  the  treatment  of  bronchitis 
and  amenorrheca.  As  a  hot  infusion  it  sub- 
serves practically  the  same  purpose  as  camomile 
tea,  being  a  good  diaphoretic 

ELECTION,  in  law,  the  voluntary  choice 
between  two  or  more  permissible  lines  of  con- 
duct In  equity  the  choice  is  between  two  or 
more  alternative  rights  or  claims  which  were 
plainly  intended  by  the  person  who  has  granted 
them  to  be  mutually  exclusive.  In  criminal  law 
it  is  the  choice  incumbent  on  the  prosecution  to 
proceed  on  one  of  a  number  of  independent 
felonies  of  the  same  degree.  In  the  law  of 
wills  the  widow's  election  is  her  choice  whether 
she  will  make  her  claim  under  her  husband's 
will  or  under  the  statute,  which  gives  her  a 
right  to  a  specified  part  of  her  husband's  estate. 
An  election  may  be  explicit  and  announced, 
or  it  may  be  implicit  in  the  conduct  of  the 
person  bound  or  entitled  to  elect.  In  neither 
case  is  the  election  binding  unless  made  with  a 
knowledge  of  all  the  relevant  and  material  facts; 
but  if  these  facts  are  known,  the  election  is 
final. 

ELECTION,  in  politics,  the  mode  of  deter- 
mining the  person  who  is  to  fill  an  office  by 
the  votes  of  the  qualified  electors.  Alternative 
methods  arc  selection  by  someone  already  in 
authority  or  by  lot.  The  electors  may  be  the 
entire  body  of  those  of  the  citizens  of  the 
region  concerned  who  fulfil  certain  very  general 
requirements,  as  is  the  case  in  the  various  State 
elections  for  governor  or  the  election  of  sena- 
tors and  representatives,  or  may  be  some  rela- 
tively small  body  of  officials,  as  in  the  "in- 
direct" election  of  senators  by  the  State  legisla- 
tures, which  was  alone  legal  until  1913.  when 
(he  Seventeenth  Amendment  to  the  Constitution 
was  ratified.  In  the  case  of  the  elected  kings 
of  Poland  and  Hungary  and  of  the  Holy  Ro- 
man emperor,  the  election  was  in  the  hands  of 
a  greater  or  smaller  group.  The  election  of 
the  President  of  the  United  States,  though 
nominally  entrusted  to  a  representative  body  of 
men  —  the  electoral  college  is  now  to  all 
intents  and  purposes  of  the  direct  type,  as 
by  custom  the  electors  are  mere  mouthpieces 
of  the  popular  vote.  The  honesty  and  fairness 
of  elections  is  secured  by  stringent  laws  and 
by  various  devices  to  secure  secrecy'  of  the 
ballot.  These  are  discussed  under  the  head  of 
Ballot.  See  also  Elections;  Corrupt  Prac- 
tices Acts  ;  Electoral  Frauds  and  Safeguards 
Against;  Vote,  Voters,  Voting. 

Election  is  a  very  old  political  device.  While 
election  by  acclamation  has  always  been  a  recog- 
nized means  of  determining  the  chief  in  certain 
savage  communities,  it  was  in  the  citv-statcs 
of  Greece  and  in  republican  Rome  that  the 
ballot  first  became  the  basis  of  the  government 
of  a  highly  organized  civilized  community. 
This  right  was  limited  to  some  more  or  less 
restricted  class  of  free  citizens,  and  was  gener- 
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ally  exercised  in  an  open  assembly  not  unlike 
the  New  England  town  meeting  — the  Ecdesia 
of  Athens  or  the  Roman  Comitia.  From  the 
period  when  the  empire  first  made  the  comitia 
a  mere  form  and  then  abolished  it  altogether 
to  the  reappearance  of  the  assembly  of  the 
people  as  a  custom  of  the  northern  barbarians, 
election  ceased  to  play  any  important  part  in 
politics.  It  survived  in  a  measure  in  the  Church 
and  it  reappeared  in  a  very  limited  form  as 
the  method  of  selecting  the  Holy  Roman  em- 
peror. The  first  renascence  of  a  genuinely 
popular  election  after  the  races  of  the  north 
had  lost  almost  all  memory  of  their  original 
custom  of  settling  disputes  and  electing  their 
chiefs  in  the  council  of  the  warriors,  was  in 
the  form  of  the  election  of  the  officers  of  the 
guilds  and  of  the  free  towns.  (See  article, 
Elections  and  cross-references  thereunder). 
Consult  Aristotle,  'Polities';  Freeman,  'Com- 
parative Politics*  (London  1873) ;  Jones,  'Read- 
ings on  Parties  and  Elections  in  the  United 
States'  (New  York  1912) ;  Stanwood  'History 
of  the  Presidency'  (Boston  1912)  ;  Woolsey, 
'Political  Science*  (New  York  1877). 

ELECTION,  in  theology,  the  word  (singu- 
lar) is  applied  to  the  act  of  God  in  selecting 
some  persons  from  the  race  of  man  to  be  re- 
generated by  his  spirit,  to  be  justified,  to  be 
sanctified,  and  to  receive  other  spiritual  gifts 
in  this  world,  with  eternal  life  in_  the  next. 
The  Calvinistic  doctrine  makes  this  election 
take  place  by  God's  mere  good  pleasure,  with- 
out any  foreseen  merit  in  the  individuals  chosen. 
The  Arminian  one  considers  that  God  chooses 
those  whom  he  foresees  will  accept  the  offer  of 
the  Gospel  and  act  as  true  Christians  till  death. 
The  third  chapter  of  the  Westminster  Confes- 
sion, entitled  «Of  God's  Eternal  Decree*  uses 
more  decided  language.  The  strongest  adher- 
ents of  this  view  are  in  the  Presbyterian 
churches,  though  there  is  a  tendency  to  soften 
the  harsher  features  of  the  system.  Many 
Baptists  hold  the  same  doctrine,  as  do  the  Cal- 
vinistic Methodists. 

ELECTION  DISTRICT.  See  District. 

ELECTIONS.  As  defined  by  the  courts 
an  election  is  the  act  of  choosing  a  person  to 
fill  an  office  by  any  manifestation  of  preference 
but  usually  by  the  vote  of  those  entitled  to 
exercise  the  elective  franchi  se,  as  distinguished 
from  appointment  to  office  by  a  single  person 
or  officer,  as  a  king,  president,  governor  or 
mayor.    See  Appointments. 

Classification  of  Elections.— If  the  great 
body  of  the  voting  population  decide  between 
candidates,  the  election  is  said  to  be  popular 
or  direct.  If  limited  to  a  small  number  who 
themselves  have  been  chosen  by  the  mass  of 
voters,  the  election  is  said  to  be  indirect  or 
representative.  The  choice  of  United  States 
senators  by  the  State  legislatures  until  the  17th 
Amendment  became  law  is  an  example  of 
indirect  elections.  Theoretically  the  President 
is  elected  by  the  Presidential  electors  chosen  in 
the  various  States  but  in  practice  these  electors 
vote  for  the  party  candidate.  (See  Electors, 
United  States  Presidential).  Elections  are 
also  classified  as  national.  State  and  municipal, 
according  to  the  status  of  the  office  to  be  occu- 
pied by  the  successful  candidate. 

Early  Colonial  Elections.—  From  the  earli- 
est colonial  days,  local  officials  in  New  ~ 


were  chosen  in  a  meeting  of  the  *freemen,* 
much  as  they  are  to-day  in  town  meeting.  Prob- 
ably the  first  elections  held  in  America  were 
of  the  delegates  who  attended  the  Virginia 
legislative  assembly  in  1619.  The  earliest  date 
specified  if  that  of  the  election  of  John  Win- 
throp  as  governor  of  Massachusetts  *by  the 
general  consent  of  the  Court,'  18  May  1631. 
The  next  in  order  is  the  election  at  Plymouth, 
1632-33,  although  elections  were  authorized  in 
this  colony  in  1620  and  in  the  colony  of  Massa- 
chusetts in  1630,  and  undoubtedly  they  were 
held  from  that  time  onward.  A  few  years  later 
the  records  show  that  elections  were  conducted 
by  proxy,  chosen  deputies  casting  the  votes  of 
tne  freemen  at  the  "court  of  elections.*  Ac- 
cording to  some  authorities  proxies  meant  us-- 
ually  the  carriage  of  the  votes,  at  first  the  bal- 
lots themselves  (slips  of  paper  or  grains  of 
corn,  etc.),  and  later  the  records.  The  history 
of. the  process  is  hard  to  interpret.  In  New 
Hampshire  elections  were  held  from  1633  on- 
ward, and  in  Rhode  Island  after  1636-38.  In 
Connecticut  the  earliest  election  was  in  1639; 
in  Maryland  1638.  All  the  southern  colonies 
except  Georgia  elected  assemblies  almost  from 
the  start,  and  summonses  for  one  session  were 
issued  in  Georgia.  In  New  Amsterdam  (now 
New  York)  the  right  to  elect  its  own  magis- 
trates was  long  withheld  by  Director  Stuy- 
vesant.  *If,*  he  said  (1653).  "the  nomination 
and  election  of  magistrates  were  to  be  left  to 
the  populace  who  were  the  most  interested, 
then  each  one  would  vote  for  some  one  of  his 
own  stamp,  the  thief  for  a  thief,  the  rogue,  the 
tippler,  the  smuggler,  for  a  brother  of  iniquity, 
that  he  might  enjoy  greater  latitude  in  Lis  vices 
and  frauds.*  In  New  Jersey  elections  did  not 
begin  till  1668,  although  authorized  in  1665. 
The  first  election  in  Pennsylvania  was  in  1683. 
In  the  Carolinas  the  first  recorded  elections 
were  in  1691,  but  minor  elections  probably  were 
held  as  early  as  1663.  In  Georgia  all  officials 
were  appointed  up  to  1754. 

Authority  to  Hold  Elections.— To  be 
valid  an  election  must  have  some  lawful  author- 
ity behind  it;  unless  the  power  be  expressly 
granted  by  the  constitution  or  by  the  legislature 
acting  under  constitutional  authority,  the  right 
to  hold  an  election  cannot  exist  or  be  lawfully 
exercised.  The  legislature  may  prescribe  the 
forms  to  be  observed  in  the  conduct  of  elec- 
tions. Laws  enacted  to  ascertain  the  will  of 
the  people  at  free  popular  elections  mav  be 
mandatory  (such  as  those  setting  the  day  of 
election,  requiring  the  vote  to  be  by  ballot,  or 
establishing  places  within  the  designated  pre- 
cincts where  the  election  shall  be  held),  or 
directory  (such  as  provisions  prescribing  the 
conduct  and  return  of  an  election).  Minor 
irregularities  in  observing  the  directory  laws 
which  do  not  prevent  electors  from  freely  and 
fairly  exercising  their  right  of  suffrage  or  from 
having  their  votes  properly  counted  do  not 
vitiate  an  election,  providing  such  irregularities 
do  not  constitute  infractions  which  the  law  de- 
clares shall  nullify  an  election.  Statutes  pro- 
viding for  the  holding  of  a  local  election  us- 
ually require  the  presentation  to  some  local 
authority  of  a  petition  signed  by  the  prescribed 
number  of  qualified  persons;  when  properly 
presented,  the  authorities  appointed  to  call  the 
election  have  no  discretion  and  after  the  order 
is  issued  it  is  not  open  to  collateral  attack. 
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The  time  and  place  of  holding  regular  elections 
are  generally  appointed  in  the  public  laws,  and 
therefore,  as  electors  are  supposed  to  know  the 
law  and  accordingly  would  receive  notice  from 
the  statutes  themselves,  no  proclamation  or 
notice  is  mandatory,  but  proclamations  for 
special  elections  must  be  issued  by  the  authority 
named  in  the  statutes  and  in  strict  accordance 
with  those  statutes.  This  notice  is  particularly 
important  in  cases  of  special  elections  to  fill 
vacancies  caused  by  death,  resignation  or  re- 
moval, where  the  statutes  do  not  require  that 
the  vacancy  be  filled  at  the  next  general  elec- 
tion. Usually  the  statutes  require  that,  for  a 
certain  time  before  election  day,  notices  of  a 
coming  election  shall  be  published  in  one  or 
more  newspapers  or  posted  in  the  form  of  hand- 
bills either  at  the  polling  places  or  at  a  number 
of  public  places.  In  elections  to  determine 
specific  questions,  the  notices  must  fully  inform 
the  voters  of  the  questions  to  be  decided  and 
such  notices  must  not  only  clearly  show  the 
authority  for  the  order  but  also  that  they 
themselves  have  been  signed  by  the  proper 
officers. 

Time  and  Place  of  Holding  Elections. — 

To  be  legal  the  time  and  place  of  holding  an 
election  must  be  fixed  in  advance,  either  by  law 
or  by  legally  authorized  officials;  and  votes 
cast  differently  will  avail  nothing  regardless  of 
the  eligibility  of  the  candidates  voted  for.  If 
the  time  be  fixed  by  general  law  no  other  time 
will  be  legal,  save  where  the  statutes  provide 
for  special  elections ;  if  the  statutes  fix  the  time, 
no  power  may  adjourn  the  election  to  a  subse- 
quent day,  unless  the  constitution  or  statutes 
permit  such  adjournment,  though  legislatures 
are  within  their  province  in  postponing  elections 
in  order  to  do  away  with  frequent  and  unneces- 
sary elections.  A  slight  change  in  the  voting 
place  should  not  invalidate  otherwise  properly 
conducted  elections,  provided  no  voter  is  mis- 
led or  deprived  of  his  vote  by  reason  of  the 
change.  Under  some  circumstances  the  voting 
place  may  even  be  outside  the  election  district, 
but  the  electors  of  the  district  who  vote  thereat 
would  not  be  disfranchised  on  that  account. 
Congress  has  power  to  determine  the  time  of 
choosing  the  Presidential  electors  and  on  1 
March  1792  enacted  that  the  choice  should  be 
made  within  34  days  preceding  the  first  Wednes- 
day in  December.  On  23  Jan.  1845  Congress  en- 
acted that  Presidential  electors  be  chosen  on  the 
Tuesday  following  the  first  Monday  in  Novem- 
ber in  each  quadrennial  year,  and  later  (2  Feb. 
1872)  provided  that,  beginning  with  1876  mem- 
bers of  the  House  should  be  elected  on  the  same 
day  in  biennial  years  ("even"  years),  though 
some  exceptions  were  allowed  under  the  amend- 
ing act  of  3  March  1875,  whereby  certain  States 
were  permitted  to  continue  holding  their  elec- 
tions at  an  earlier  date.  Amendment  XVII  to 
the  Constitution  (effective  31  May  1913)  pro- 
vides for  the  election  of  senators  by  the  direct 
vote  of  the  people  but  makes  no  stipulation 
as  to  the  time  of  election,  merely  providing  that 
■when  vacancies  happen  in  the  representation 
of  any  State  in  the  Senate,  the  executive  author- 
ity of  such  State  shall  issue  writs  of  election 
to  fill  such  vacancies :  Provided,  That  the  Leg- 
islature of  any  State  may  empower  the  execu- 
tive thereof  to  make  temporary  appointments 
until  the  people  fill  the  vacancies  by  election  as 
the  legislature  may  direct."   Presumably,  there- 


fore, elections  of  senators  are  held  the  year 
preceding  the  expiration  of  the  incumbent's 
term  of  office,  the  time  being  designated  by  the 
State  legislature.  Most  of  the  State  elections, 
and  in  many  cases  local  and  municipal  elections, 
are  held  on  the  same  day  as  the  national  elec- 
tion, but  in  many  States  minor  officials  are  not 
elected  in  the  same  year  as  the  governor  and 
lieutenant-governor.  All  the  States  hold  their 
elections  in  November  with  the  exception  of 
Louisiana,  Maine  and  Vermont,  the  election  of 
the  first  named  occurring  in  April  and  of  the 
latter  two  in  September.  If  a  vacancy  occur  in 
an  elective  office,  the  governor  of  a  State  may 
call  a  special  election  or  hold  the  choice  over 
until  the  next  regular  election. 

Classification  of  Votes  and  Voting  —  In- 
dependent, Popular,  Preferential,  Compul- 
sory.—  See  Vote,  Votebs,  Voting. 

Electoral  Qualifications,  Colonial  and 
Modern. —  Details  respecting  the  franchise 
rights  and  privileges  of  the  various  States  will 
be  found  in  the  articles  Aliens;  Citizenship 
in  the  United  States;  Electoral  Qualifi- 
cations; Naturalization;  United  States  — 
Suffrage  in  the;  Votes,  Voters,  Voting; 
Woman  Suffrage 

Terma  of  Office,  Age  Limits  and  Quali- 
fications for  Office. —  See  Electoral  Quali- 
fications, Terms  of  and  Qualifications  for 
Office 

Party  Nominations,  Primaries,  Etc. —  The 

four  principal  methods  of  choosing  candidates 
are  by  the  delegate  convention  system,  the  direct 
primary,  the  non-partisan  primary,  which  is  used 
in  many  municipalities,  and  nomination  by  peti- 
tion only.  The  term  "primary'  is  usually  ap- 
plied to  the  preliminary  elections  held  by  the 
political  parties  to  nominate  candidates  or  to 
choose  delegates  whose  duty  is  to  nominate 
candidates  to  compete  in  the  following  regular 
election.  In  either  case  party  members  only 
are  allowed  to  vote  in  the  primaries.  Originally 
candidates  for  local  offices  announced  their  own 
candidacy  or  perhaps  were  nominated  by  an 
informal  caucus;  the  legislative  caucus  nomi- 
nated candidates  for  State  offices;  and  aspirants 
for  the  Presidency  were  nominated  by  the  Con- 
gressional caucus  (see  Caucus)  ;  but  the  latter 
two  caucuses  were  soon  discarded  and  by  1832 
the  convention  system  had  been  generally 
adopted.  (See  Convention,  Political).  This 
system  was  so  indirect  and  complicated  and  so 
flagrantly  abused  that  regulation  of  nominations 
became  imperative  and  by  1900  party  elections 
had  been  placed  under  the  same  legal  restric- 
tions as  the  regular  elections.  Beginning  with 
1900,  however,  the  convention  plan  has  been 
rapidly  supplanted  by  the  direct  primary,  under 
which  candidates  are  selected  by  the  direct  vote 
of  the  party.  Some  States  also  allow  each 
party  a  direct  vote  on  choice  for  Presidential 
nominees.  (See  Primary,  Direct;  Primary, 
Presidential  Preference;  and  in  this  connec- 
tion sec  also  Initiative;  Referendum  ;  Recall). 
Under  the  non-partisan  primary  (which  really 
is  not  a  primary  at  all)  the  whole  electorate 
participates  in  the  selection  of  candidates  later 
to  be  voted  upon  at  the  regular  elections.  This 
system  has  been  developed  in  connection  with 
trie  commission  form  of  government  (q.v.  Sec 
also  City  Manager)  as  worked  out  in  Des 
Moines,  Iowa,  and  other  places.  The  two  can- 
didates for  mayor  and  the  eight  candidates  for 
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the  four  commissionerships  receiving  the  high- 
est number  of  votes  may  participate  in  the 
second  and  final  election.   In  all  elections,  party 
emblems,  circles,  or  other  designations  are  pro- 
hibited in  connection  with  candidates'  names. 
In  some  cities  (as  Berkeley,  Cal),  if  any  candi- 
date receive  a  majority  of  all  the  votes  cast,  a 
second  election  is  unnecessary  so  far  as  that 
particular  office  is  concerned.    In  some  locali- 
ties preferential  voting  has  been  adopted  so  that 
national  political  parties  will  be  eliminated  from 
local  elections.    If  any  number  of  persons  not 
constituting  a  political  party  be  entitled  to  make 
nominations  in  the  usual  way  and  to  have  the 
names  of  their  candidates  placed  upon  the  official 
ballot,  they  may  present  to  the  proper  officials 
a  petition  containing  the  required  number  of 
signatures  of  qualified  electors  and  their  nomi- 
nees may  enjoy  the  same  privileges  on  the 
official  ballot  as  accorded  to  those  regularly 
nominated  bv  an  existing  party.  Nominations 
by  petition  are  used  chiefly  in  local  elections, 
and,  unless  required  by  statute,  no  party  em- 
blems or  designations  are  used  in  connection 
with  the  names  of  candidates.    Under  a  law 
passed  in  1907  Wisconsin  permits  nominations 
to  be  made  by  petition  only;  but  after  nomina- 
tions are  filed  upon  petition  of  S  per  cent  of 
the   electors   a  preliminary  election  may  be 
called  to  select  the  two  candidates  for  each 
office  and  those  two  only  are  voted  upon  at 
the  final  election.   In  many  States  a  declaration 
of  party  affiliation  is  necessary  under  the  pri- 
mary law.    Illinois  further  prohibits  the  partici- 
pation in  a  primary  of  anyone  who  has  voted 
in  the  primary  of  another  party  within  the  pre- 
ceding two  years.   Some  States  (as  New  York) 
use  a  system  of  party  registration  similar  to 
that  used   for  general  elections.    When  the 
voter  registers  at  that  time  an  opportunity  is 
presented  to  him  to  declare  his  party  affiliation, 
if  any,  and  from  these  declarations  a  list  of 
party  voters  is  compiled  which  is  used  as  the 
registration  for  the  ensuing  primary  election. 
The  California  law  of  1899  and  the  Oregon 
law  of  1901,  which  allowed  electors  to  vote  for 
either  party  without  divulging  party  preferences, 
were  declared  unconstitutional.       Under  the 
Wisconsin  law  of  1903  the  ballot  is  absolutely 
secret  and  the  voter  may  vote  for  the  candi- 
date of  whichever  party  he  may  choose,  but 
he  may  not  vote  with  more  than  one  party  at 
any  election.    The  "open  primary*  eliminates 
the  party  test  which  is  applied  in  the  "closed 
primary."   In  the  non-partisan  primary  no  party 
test  can  be  applied  since  the  elector  votes  for 
any  candidate  he  may  choose  regardless  of 
party  ties. 

Campaign  Expenses  and  Contributions. — 

See  Corrupt  Practices  Acts;  Electoral 
Frauhs  ;  Ballot  ;  Bribe  ;  Lobby  ;  Congress,  Etc. 

Voting  Districts.— So  that  participation  in 
elections  may  be  easy,  counties,  cities  and  towns 
are  divided  into  small  precincts  or  election  dis- 
tricts, each  containing  a  few  hundred  voters 
and  operating  under  the  supervision  of  an  elec- 
tion board.  Whether  composed,  as  at  different 
periods  and  in  different  States  they  have  been, 
of  counties,  cities,  townships,  boroughs,  wards 
of  cities,  or  of  precincts,  election  districts  al- 
ways indicate  subdivisions  of  the  State's  terri- 
tory marked  out  by  known  boundaries  prear- 
ranged and  declared  bv  public  authority.  As 
nearly  as  possible,  city  precincts  contain  an 


equal  number  of  voters;  they  must  be  entire 
wards  or  contained  wholly  within  one  ward  or 
one  town  and  cannot  be  composed  of  parts  of 
adjacent  wards  or  districts.  The  election  dis- 
trict, however,  is  never  used  as  a  unit  of  repre- 
sentation in  local  government  nor  as  an 
istrative  division  in  the  conduct  of 
business.   See  District. 

Polling  Places.— The  law  designates  the 
manner  of  the  internal  arrangements  of  polling 
places  so  that  the  voter  will  nave  perfect  free- 
dom in  marking  and  depositing  his  ballot 
Where  the  Australian  ballot  is  used,  the 
statutes  require  that  polling  places  contain 
booths  of  sufficient  size  to  accommodate  one 
voter  and  so  constructed  that  the  voter  will  be 
screened  while  preparing  his  ballot.  Booths 
should  be  shut  off  by  guard  rails  and  no  un- 
authorized person  allowed  to  go  within  these 
confines.  In  most  States  no  official  ballot  may 
be  taken  outside  the  polling  place.  Official  bal- 
lot boxes  are  required  at  all  elections,  and 
prior  to  the  opening  of  the  polls  these  boxes 
must  be  opened  for  public  inspection.  During 
primaries  and  elections  the  polls  are  policed  in 
accordance  with  the  law  (though  the  presence 
of  a  police  officer  at  each  polling  place  is  not 
authorized  by  express  statutory"  provision),  and 
in  some  cases  election  officers  may  exercise 
the  authority  of  justices  of  the  peace  and 
punish  election  offenders.  Stringent  laws  have 
been  passed  in  many  States  to  protect  the  voter 
from  undue  influence  while  in  the  act  of  voting. 
In  most  States  electioneering  is  prohibited 
within  a  certain  distance  from  the  polling  place; 
in  some  States  polling  places  must  be  a  certain 
distance  from  saloons;  and  in  the  advanced 
States  saloons  are  closed  on  election  days. 
Oregon  requires  that  no  "political  badge,  button, 
or  other  insignia  shall  be  worn  at  or  about  the 
polls  on  any  election  day.9 

Registration  of  Voters. — All  persons  possess- 
ing the  constitutional  qualifications  of  electors 
may  be  and  in  nearly  all  the  States  must  be 
officially  registered  on  the  voting  lists  in  the 
districts  wherein  they  reside  in  advance  of  each 
election,  the  period  varying  in  the  several 
States.  If  a  State  constitution  or  statute  make 
registration  a  specified  time  before  election  day 
an  imperative  prerequisite  to  the  right  to  vote, 
those  not  so  registered  cannot  vote  even  if 
their  other  qualifications  comply  with  con- 
stitutional requirements.  Nevertheless  the 
courts  have  held  several  times  that  even  if  a 
person  be  not  a  qualified  voter  under  the  con- 
stitution on  the  day  the  registration  books  are 
closed,  yet  if  he  acquire  the  necessary  quali- 
fications before  election  day  his  vote  cannot 
lawfully  be  rejected  merely  because  he  has 
not  registered.  While  the  constitutional  quali- 
fications must  be  left  intact,  without  excisions 
or  additions,  the  legislature  may  prescribe  reg- 
ulations to  determine  if  the  prospective  voter 
possess  the  required  qualifications;  hence  the 
passage  of  a  registry  law  requiring  registration 
as  a  condition  precedent  to  the  right  to  vote  is 
not  unconstitutional ;  where  such  a  law  exists 
an  election  held  without  such  registration  is 
void,  but  if  the  State  constitution  provide  that 
the  legislature  shall  enact  a  registration  law  and 
the  legislature  fails  to  do  so,  an  election  without 
registration  Is  valid.  Arkansas  and  Texas  do 
not  require  registration;  in  Oklahoma  registra- 
tion is  required  in  all  cities  of  the  first  class; 
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in  Kansas  and  Ohio  in  cities  of  the  first  and 
second  classes;  in  Kentucky  in  cities  of  the  first, 
second,  third  and  fourth  classes ;  in  Washington 
in  all  cities  and  towns  and  in  voting  precincts 
with  a  voting  population  of  250  or  more ;  in 
North  Dakota  m  cities  and  villages  of  800  or 
more  inhabitants;  in  Maine  in  cities  and  towns 
of  over  2,000  inhabitants ;  in  Iowa  and  Ne- 
braska in  cities  of  3,500  and  7,000  or  more  in- 
habitants, respectively;  in  Missouri  in  cities  of 
100,000  or  more  inhabitants;  and  in  all  cities  of 
Pennsylvania.  In  all  incorporated  cities,  vil- 
lages and  towns  of  Illinois  which  have  adopted 
the  election  commissioner  act  of  the  State,  un- 
registered persons  may  not  vote,  but  elsewhere 
they  may  swear  in  their  votes  if  they  produce  a 
creditable  witness  to  prove  their  electoral  quali- 
fications. In  Rhode  Island  non-taxpayers  are 
required  to  register  each  year  before  30  June. 
In  the  larger  cities  voters  must  appear  in  per- 
son before  the  registering  officers,  but  in  rural 
districts  the  voter  often  is  registered  by  official 
declaration  and  the  registration  list  is  compiled 
by  local  authorities,  subject  to  revision  on  de- 
mand of  interested  parties.  In  order  to  prevent 
false  registration  some  of  the  large  cities  have 
personal  identification  laws.  The  old  suffrage 
laws  of  the  Southern  States  and  the  compli- 
cated registration  laws  practically  eliminated  the 
negro  vote,  and  even  under  the  recent  suffrage 
amendments  to  the  constitutions,  voting  by 
negroes  is  a  difficult  task  since  registrars  must 
determine  whether  an  applicant  possesses  the 
required  suffrage  qualifications,  can  "read  the 
constitution,  or  understand  it  when  read  to  him, 
or  give  a  reasonable  interpretation  thereof,*  or 
understands  *the  duties  and  obligations  of 
citizens  under  a  republican  form  of  govern- 
ment* 

Registry  Boards.— The  election  process  is 
controlled  by  official  (and  usually  compensated) 
boards  of  registrars,  who  must  be  qualified 
voters  in  the  election  districts  wherein  their 
duties  are  to  be  performed;  their  duty  on  the 
days  designated  as  registration  days  is  to  pre- 
pare lists  of  qualified  electors  to  he  used  as 
check  lists  at  the  polls.  If  registration  officers 
wrongfully  and  wilfully  refuse  to  enter  the 
name  of  a  qualified  elector  on  the  voting  list 
they  are  liable  in  a  civil  action  for  damages. 
The  boards  are  usually  bi-partisan  and  are  gen- 
erally supplemented  by  watchers  from  the 
various  parties  which  have  nominated  candi- 
dates. At  election  time  each  party  usually  has 
one  or  more  challengers  who  endeavor  to  pre- 
vent election  frauds  by  challenging  those  ille- 
gally attempting  to  vote  or  those  whose  right  to 
vote  is  considered  doubtful.  Generally,  any 
citizen  who  believes  an  elector  is  attempting 
illegally  to  cast  a  ballot  has  the  right  to  chal- 
lenge him  and  to  state  his  objections.  In 
Massachusetts  cities  and  towns,  at  specified 
times  preceding  elections,  the  registry  boards 
are  in  session  for  the  purpose  of  allowing  ap- 
plicants to  prove  their  possession  of  the  re- 
quired suffrage  qualifications,  but  in  Boston  the 
police,  under  the  supervision  of  a  special 
listing  board,  make  a  house-to-house  can- 
vass to  enroll  voters.  Under  the  New  York 
law  of  1908  the  registry  boards  in  cities  of 
over  1,000,000  inhabitants  must  very  carefully 
examine  the  voter,  not  only  as  to  name,  age, 
birthplace,  address,  occupation,  years  of  resi- 
dence in  State  and  at  address,  and  where  and 


when  he  last  voted,  but  also  if  he  be  married, 
if  he  occupy  the  entire  house,  or  only  a  floor 
or  room  and  which  one;  and  they  must  obtain 
the  name  of  lessee  of  the  building,  etc.  Hence, 
if  challenged  when  voting,  a  comparison  of  the 
voter's  answers  with  the  data  previously  sup- 
plied will  quickly  and  quite  dependably  prove  his 
identity,  which  can  also  be  more  accurately 
determined  by  a  comparison  of  signatures, 
since  those  who  can  write  must  sign  the  registry 
book.  All  lists  of  registered  voters  arc  public 
records  and  are  open  to  reasonable  inspection 
by  the  public. 

The  Voting  Process.— The  names  and  resi- 
dences of  voters  are  recorded  in  the  pollbook 
in  numerical  order  as  they  enter  the  polling 
places,  after  which  the  election  official  gives  the 
voter  a  ballot  usually  corresponding  in  num- 
ber with  his  number  in  the  pollbook,  though 
the  courts  have  decided  that,  where  a  State 
constitution  requires  that  popular  elections  shall 
be  by  secret  ballot,  any  statute  requiring  the 
numbering  of  ballots  with  figures  correspond- 
ing with  the  figures  placed  opposite  the  voter's 
name  on  the  poll  list  is  unconstitutional  and 
void,  since  it  utterly  destroys  the  secrecy  of  the 
ballot.  The  voter  then  retires  to  the  booths 
provided  so  that  the  ballot  may  be  marked 
secretly,  but  should  he  be  unable  to  read  or 
write  or  be  physically  incapacitated  he  may 
request  assistance  from  one  of  the  election  offi- 
cials. All  members  of  the  election  board  (but 
no  one  else)  may  witness  the  preparation  of 
the  ballot  of  such  voter,  but  must  not  reveal 
the  name  of  the  person  for  whom  the  elector 
has  voted.  After  marking  the  ballot  the  voter 
folds  it  so  that  the  contents  may  not  be  seen 
and  hands  it  to  the  designated  election  officer, 
who  deposits  it  in  the  ballot  box,  which  is  kept 
locked,  the  key  being  in  the  custody  of  the 
chairman  of  the  board ;  this  completes  the  proc- 
ess and  a  clerk  records  in  the  pollbook  the 
fact  that  the  elector  has  duly  voted  Should 
a  ballot  be  mutilated,  the  elector  may  obtain  a 
perfect  one  from  the  election  officers  on  sur- 
rendering the  defective  one.  Legislatures  may 
prescribe  official  ballots  and  prohibit  the  use  of 
any  other;  they  may  also  provide  for  printing 
on  the  ballots  the  names  of  regularly  nominated 
candidates  or  of  independent  candidates,  pro- 
vided in  so  doing  they  do  not  violate  the 
voter's  constitutional  right  to  vote  for  the  per- 
son of  his  choice.  No  legislature  is  empowered 
to  restrict  electors  in  their  choice  of  candidates 
or  to  prohibit  them  from  voting  for  others 
than  those  whose  names  are  on  the  ballots. 
Nominations  entitle  nominees  to  places  on  the 
official  ballot,  printed  at  public  expense  but 
the  voter  may  write  or  paste  on  his  bal- 
lot the  names  of  eligible  candidates  (whether 
nominated  or  not  by  any  convention,  cau- 
cus or  meeting)  other  than  those  printed 
{hereon,  and  this  right  is  generally  recog- 
nized since  blank  spaces  next  to  the  printed 
names  are  left  for  such  writing  or  pasting. 
The  right  of  an  elector  to  vote  may  be  chal- 
lenged if  his  qualifications  appear  to  be  de- 
fective or  if  he  be  suspected  of  some  fraudulent 
practice.  An  oath  or  affirmation  is  then  admin- 
istered to  the  challenged  elector  under  which 
he  swears  truthfully  to  answer  all  questions 
respecting  his  qualifications,  but  if  the  elector 
refuse  to  be  sworn  and  examined  he  loses  the 
right  to  vote.   If  the  answers  to  these  ques- 
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tions  seem  to  establish  the  elector's  right  to 
vote  and  the  challenge  be  withdrawn,  the 
elector,  again  under  oath,  must  declare  that  he 
possesses  all  the  legal  requirements.  He  may 
then  vote  but  the  act  of  voting,  after  taking 
the  oath,  renders  him  liable  to  criminal  prosecu- 
tion if  his  declarations  be  proven  false. 
The  Ballot— Sec  Ballot. 
Voting  Machines. —  See  Voting  Machines. 
Counting  the  Vote. —  Usually  the  polls  are 
open  from  early  in  the  morning  until  a  desig- 
nated hour  at  night,  after  which  no  more  voters 
are  admitted.  Immediately  after  the  last  bal- 
lot has  been  deposited  the  counting  begins 
(sometimes  publicly,  sometimes  in  a  private 
room),  the  details  being  recorded  on  the  official 
and  standard  tally  sheets  with  which  each  poll- 
ing place  has  been  furnished.  The  chairman 
unlocks  the  box,  extracts  the  ballots,  one  by 
one,  opens  each  and  announces  the  candidate 
for  whom  the  elector  has  voted.  If  mutilated 
or  illegally  marked  by  the  voter  the  ballot  may 
be  rejected;  though  ballots  should  not  be  re- 
jected because  of  tearing  or  of  slight  irregulari- 
ties in  marking  unless  such  mark  or  mutilation 
appear  to  have  been  made  for  corrupt  purposes; 
all  rejected  ballots  are  set  aside  and  returned 
with  the  valid  ballots  so  that,  in  case  of  a  con- 
test, the  proper  judjeial  authorities  mav  ex- 
amine them.  All  valid  ballots  arc  recorded  by 
the  clerks  as  announced  by  the  chairman  and 
arc  then  filed  in  the  form  required  by  law. 
The  clerks  keep  two  or  more  independent  tally 
sheets  which  are  totalled  at  the  end  of  the 
counting  and  the  results  officially  announced. 
The  pollboolcs  and  the  tally  sheets  (properly 
authenticated  by  the  election  officials  of  the  dis- 
trict) are  then  scaled  and  turned  over  to  some 
designated  official,  such  as  the  county  clerk  or 
in  larger  cities  to  a  special  board.  The  ballots 
are  locked  and  sealed  in  the  ballot  boxes  which 
are  then  delivered  to  the  proper  authorities,  in 
some  cities,  as  New  York,  to  the  police  who 
preserve  them  for  a  stipulated  period  so  that 
a  recount  may  be  made  in  case  of  a  contested 
election.  After  the  tally  sheets  have  reached 
the  election  board  or  other  designated  official, 
such  as  the  county  clerk,  they  arc  reviewed  to 
ensure  absolute  correctness  and  the  results  are 
officially  published.  In  State  elections,  county 
or  municipal  results  arc  usually  dispatched  to 
the  secretary  of  state  who  reviews  them  with 
the  aid  of  a  State  hoard  of  canvassers.  In 
some  States  the  individual  voting  districts  send 
their  returns  direct  to  the  secretary  of  state; 
in  other  States  these  returns  are  sent  to  the  pre- 
siding officers  of  the  two  branches  of  the  legis- 
lature and  arc  opened  and  canvassed  in  their 
presence.  In  other  States  the  returning  boards 
consist  of  certain  specially  designated  officers. 
It  is  the  duty  of  the  canvassers  to  issue  a  cer- 
tificate of  election  to  the  person  whom  the  face 
of  the  returns  indicates  to  have  been  elected. 
Should  a  candidate  (who  may  or  may  not  have 
been  present  at  the  count  of  the  ballots)  be- 
lieve he  has  been  defeated  by  fraud,  illegal 
voting  or  incorrect  counting,  he  may  file  a  con- 
test notice  with  the  court  having  jurisdiction, 
which  not  only  may  order  a  recount  but  may 
also  enforce  its  judgment  as  against  the  con- 
clusion of  the  election  official.  Lnless  a  specific 
t  of  power  be  made  in  the  State  constitu- 
or  by  the  legislature  in  conformity  with 
constitutional  provisions,  the  duties  of  county 
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and  State  canvassing  boards  are  wholly  minis- 
terial ;  they  are  not  empowered  to  go  behind 
the  returns,  to  decide  upon  the  legality  of  the 
votes  cast  nor  to  throw  out  the  votes  of  a  pre- 
cinct or  district  in  which  fraud  is  alleged. 

Duty  to  Accept  Office.— Under  the  com- 
mon law  every  citizen,  in  peace  as  well  as  in 
war,  owes  his  services  to  the  State  when  re- 
quired; hence,  after  having  been  regularly 
elected  and  duly  appointed,  persons  may  be 
compelled  to  take  the  oath  and  qualify  them- 
selves as  public  officers  under  pain  of  indict- 
ment or  any  pecuniary  penalty;  the  only  de- 
fenses arc  illegal  election  or  appointment,  legal 
disqualification  to  hold  the  office  or  proof  that 
the  office  is  incompatible. 

Contested  Elections.—  Sec  Elections,  Con- 
tested. 

Federal  Control  of  Elections.—  Sec  Elec- 
tions, Federal  Control  of. 

Electoral  Frauds  and  Safeguards  Against. 

—Sec  that  title. 

Minority  and  Proportional  Representa- 
tion.— See  that  title. 

Majorities  and  Pluralities.— There  is  no 
legal,  philological  or  popular  agreement  as  to 
the  use  of  the  word  'majority*  in  matters  of 
election.  In  computation  it  may  mean  the 
amount  by  which  the  greater  number  exceeds 
the  lesser,  if  but  two  numbers  arc  compared;  or 
the  amount  by  which  the  greatest  number  ex- 
ceeds the  total  of  the  lesser  numbers;  or  the 
amount  by  which  the  greatest  number  exceeds 
the  next  to  the  greatest.  For  the  last  case  we 
customarily  use  the  word  "plurality,™  but  in 
England  the  normal  designation  is  "majority," 
and  candidates  have  been  elected  with  regard 
only  thereto  from  time  immemorial.  The 
weight  of  American  usage  restricts  "majority" 
to  excess  of  the  greatest  number  of  votes  over 
the  total  of  the  rest,  and  we  say  that  for  a 
majority  a  total  of  one  more  than  half  is  neces- 
sary. This  practice  dates  from  colonial  times. 
In  Massachusetts,  New  York,  New  Jersey, 
South  Carolna  and  Georgia,  a  majority  seems 
to  have  been  required;  in  other  colonics  as  a 
rule  a  simple  plurality  sufficed.  New  York  put 
the  plurality  rule  into  her  constitution  of  1777 
and  most  of  the  other  States  followed  her  ex- 
ample, but  the  belief  in  the  virtues  of  an  abso- 
lute majority  lingered  in  the  New  England 
States  till  the  middle  of  the  following  century. 
Propositions  to  go  back  to  the  absolute  majority 
plan  arc  now  very  rarely  heard,  and  in  the  mat- 
ter of  popular  elections  the  subject  still  has 
importance  only  because  the  Constitution  of 
the  United  States  requires  an  absolute  majority 
of  electoral  votes  for  the  choice  of  President. 
In  conventions  the  majority  rule  yet  prevails, 
occasionally  entailing  hundreds  of  ballots,  and 
in  the  Democratic  national  conventions  a  two- 
thirds  vote  is  required  to  nominate.  In  pri- 
maries and  caucuses  the  plurality  plan  prevails 
by  almost  invariable  custom,  voters  everywhere 
being  unwilling  to  give  the  time  required  for 
repeated  ballots. 

Under  the  Constitution  a  majority  vote  in 
the  electoral  college  may  elect  a  President  who 
did  not  receive  cither  a  majority  or  a  plurality 
of  the  popular  votes  cast,  though  probably  the 
framcrs  of  the  Constitution  intended  that  no 
President  should  be  elected  without  substantial 
support  in  a  considerable  number  of  States. 
Often  delegations  are  divided  under  the  system 
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of  State-wide  popular  vote.  This  is  possible 
it  a  State  legislature  should  decide  that  the 
electors  of  that  State  be  chosen  by  districts. 
This  system  was  followed  by  Maryland  up  to 
1832  and  in  1892  the  Michigan  legislature 
changed  the  districts  and  thus  divided  the 
State  electoral  delegation.  But  as  a  rule  all 
electors,  save  those  chosen  by  legislatures,  have 
been  chosen  by  general  ticket  since  1836,  for 
which  reason  the  ticket  that  obtains  a  plurality 
of  the  popular  votes  elects  all  the  electors  of 
that  State.  Sometimes,  however,  when  the 
vote  is  close,  the  electors  with  the  highest  vote 
on  one  ticket  may  defeat  the  electors  with  the 
lowest  vote  on  another  ticket.  This  happened 
in  California  in  1880  when,  of  the  161,000  votes 
cast,  the  difference  on  the  head  of  the  ticket 
was  only  78,  with  the  result  that  one  Republi- 
can and  five  Democratic  electors  were  chosen. 
In  the  same  State  in  1912  two  of  the  Demo- 
cratic electors  overran  the  lowest  two  on  the 
Progressive  ticket,  so  that  the  State  sent  a 
divided  delegation  to  the  electoral  college  of 
11  Progressives  and  two  Democrats.  Often 
the  electors  represent  a  minority  of  the  State 
votes,  and  sometimes  the  majority  of  the  elec- 
toral vote  may  represent  a  minority  of  the 
popular  vote.  In  1824  Jackson  received  50,550 
votes  more  than  Adams,  but  received  40,300 
votes  less  than  his  three  opponents  combined. 
In  1844  Polk  received  38,000  votes  more  than 
Clay  but  the  combined  vote  for  Gay  and  Bir- 
ncy  put  him  in  a  minority  of  24,100.  In  1848 
Taylor  had  a  plurality  of  139,000  but  a 
minority  of  151,500.  In  1856  Buchanan  had  a 
plurality  of  497,000  but  a  minority  of  377,000. 
Lincoln  received  nearly  500,000  more  votes  than 
Douglas  but  nearly  950,000  votes  less  than  all 
his  opponents  combined.  In  1876  Hayes,  though 
chosen  President  by  one  electoral  vote,  not  only 
had  a  minus  plurality  of  251,000  but  was  in  the 
minority  by  about  345,000.  In  1880  Garfield 
had  a  plurality  of  7,000  over  Hancock  but  was 
It)  the  minority  by  over  310,000.  In  1884  Cleve- 
land received  about  62,000  votes  more  than 
Blaine  but  was  in  the  minority  by  about 
230,000.  In  1888  Cleveland  received  nearly 
100,000  more  popular  votes  than  Harrison  but 
the  latter  was  elected  even  though  he  was  in 
a  minority  of  500,000.  In  1892.  however,  Gcve- 
land  received  a  plurality  of  380,000  over  Har- 
rison but  was  in  a  minority  of  950,000.  In 
1912  a  striking  discrepancy  occurred  between 
the  electoral  and  popular  votes,  Wilson  carry- 
ing 43  of  the  48  States  and  having  a  clear 
majority  of  339  in  the  electoral  college,  while 
he  had  a  plurality  of  2,150,000  over  his  nearest 
opponent,  but  was  in  the  minority  by  2,500,000. 
Hence,  with  the  exception  of  Hayes  and  Har- 
rison, all  the  Presidents  would  have  been 
elected  by  at  least  a  plurality  if  the  election 
had  been  directly  popular.  On  the  other  hand 
a  small  popular  majority  for  the  electors  in 
one  State  may  swing  the  election,  as  was  the 
case  in  New  York  in  1884  and  1888;  in  the 
former  year  Cleveland  carried  the  State  by 
1,047  which  gave  him  the  36  electoral  votes  of 
that  State  and  decided  the  election  in  his 
favor;  in  1888  these  votes  were  turned  over  to 
Harrison  by  a  plurality  of  about  15,000,  thus 
electing  him  President.  In  1°16  was  cast  the 
largest  vote  in  the  history  of  American  politics. 
Wilson  had  a  pluralitv  of  nearlv  570.000  over 
Hughes   but   an   clcrtoral   vote  of   only  276 


against  255  for  Hughes,  this  being  the  nar- 
rowest margin  of  electoral  votes  determining 
an  election  since  1876.  So  even  was  the  voting 
in  some  of  the  States  that  Wilson  won  New 
Hampshire  by  only  56  votes,  New  Mexico  by 
2,400,  North  Dakota  by  2,600,  California  by 
3,700,  and  Nevada  by  5,600,  whereas  Hughes 
gained  the  electoral  votes  of  Minnesota  by  392 
votes,  Delaware  by  1,273,  West  Virginia  by 
2,721,  and  South  Dakota,  Maine  and  Rhode 
Island  by  about  5,000  each.  In  spite  of  the 
closeness  of  the  election  no  split  delegations 
of  electors  were  sent  to  the  electoral  college. 
See  United  States-Disputed  Presidential 
Elections;  Electoral  Commission. 
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Haynes.  H.  G.  'The  Election  of  Senators'  (New 
York  1906);  Humphrey,  J.  H,  'Proportional 
Representation'  (London  1911);  Jones,  C.  L., 
'Readings  on  Parries  and  Elections  in  the 
United  States'  (New  York  1912);  Lapradc, 
W.  T.,  'The  Nominating  Primary'  (in  North 
American  Rnncw,  Vol.  CC,  pp.  235-243,  New 
York  1914);  Lowell,  A  L,  'Public  Opinion 
and  Popular  Government'  (ib  1913)  ;  Lowrle, 
S.  G,  'Corrupt  Practices  at  Elections'  (Madi- 
son, Wis.,  1911);  Luetsrher,  G.  D,  'Early 
Political  Machinery  in  the  United  States' 
(Philadelphia  190J)  ;  Ludincton,  A.  C,  'Ameri- 
can Ballot  Law*.  1888-1O10'    (Albany  1910); 
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Mcchem,  F.  R..  'Law  of  Public  Offices  and 
Officers*  (Chicago  1890);  McCrary,  G.  W., 
'American  Law  of  Elections'  (ib.  1897)  ; 
McKinley,  A.  E  'Suffrage  Franchise  in  the 
Thirteen  English  Colonies'  (Philadelphia 
1905);  Macaulcy,  Ward,  'Reclaiming  the  Bal- 
lot>  (New  York  1916);  MacMillan,  D.  C. 
'Elective  Franchise  in  the  United  States'  (ib. 
1898);  Macy,  Jesse,  'Party  Organization  and 
Machinery'  (ib.  1912) ;  Macy,  Jesse,  and  Gan- 
naway,  J.  W.,  'Comparative  Free  Government' 
(ib.  l9l5)  ;  Meyer,  E.  C,  'Nominating  Sys- 
tems' (Madison,  Wis..  1902);  Merriam,  C.  E., 
'History  of  American  Political  Theories' 
(New  York  1910)  and  'Primary  Elections* 
(Chicago  1909);  Michael,  W.  H.,  'Elections' 
(in  "Cyclopedia  of  Law  and  Procedure,'  Vol. 
XV,  pp.  268-465.  New  York  1905)  ;  and  also 
the  articles  'Vote'  (in  id.,  Vol.  XL.  pp.  224-228. 
New  York  1912)  and  < Ballot'  (in  'Corpus 
Juris.'  Vol.  VI.  pp.  1173-75,  ib.  1916);  Ostro- 
gorski,  M.,  'Democracy  and  the  Party  System 
in  the  United  States'  (New  York  1910)  ;  Potts, 
C.  S.,  'The  Convention  System  and  the  Presi- 
dential Primary'  (in  American  Review  of 
Reviews,  Vol.  XLV,  No.  5.  pp.  561-566,  New 
York  1912);  Rhodes,  J.  F..  'History  of  the 
United  States,'  Vol.  VII  (ib.  1906)  ;  Ray.  P. 
O.,  '  Introduction  to  Political  Parties  and  Prac- 
tical Politics'  (ib.  1913);  Reinsch,  P.  S., 
'American  Legislatures  and  Legislative  Meth- 
ods' (ib.  1907);  Shaw,  A..  'National  Lesson 
from  Adams  County'  (in  Review  of  Reviews, 
Vol.  XLIII,  pp.  171-180,  New  York  1911); 
Shcpard,  E.  F.,  'Compulsory  Voting'  (ib. 
1891)  ;  Schaffner,  M.  A..  'Corrupt  Practices  at 
Elections'  (Madison,  Wis.,  1906)  and  'The 
Recall'  (ib.  1907);  Stanwood,  Edward,  'His- 
tory of  the  Presidency'  (Boston  1912)  ;  Sloanc. 
W.  M.,  'Party  Government  in  the  United 
States'  (New  York  1914)  ;  Taft,  G.  S.,  'Senate 
Election  Cases'  (Washington,  D.  C,  1903); 
Throop,  M.  H.,  'Law  Relating  to  Public  Offi- 
cers' (Chicago  1892);  Tyson,  R.,  'Various 
Voting  Systems'  (in  The  Arena,  Vol.  XXXIX, 
pp.  59-64.  1908)  ;  Woodbum,  J.  A.,  'Political 
Parties  and  Party  Problems'  (New  York 
1914)  ;  West,  V.  J.,  'Nominations  and  Elec- 
tions' (in  National  Municipal  Review,  Vol.  Ill, 
pp.  577-581.  Philadelphia  1914)  ;  Wilcox,  D.  F., 
'Government  by  all  the  People'  (ib.  1912); 
Wigmorc,  J.  H.,  'The  Australian  Ballot  Sys- 
tem' (Boston  1889);  Woodruff.  C.  R.,  'Elec- 
tion Reforms'  (in  National  Municipal  Review, 
Vol.  V.  pp.  611-619,  Philadelphia  1916)  ;  'Recent 
Experiments  with  the  Primary'  (in  World's 
Work,  Vol.  XXIII.  November  1916). 

Irving  E.  Rines, 
Editor  of  < History  of  the  United  States.y 

ELECTIONS,  Contested.  Under  the 
Constitution,  when  the  electoral  college  fails 
to  cast  a  majority  vote,  the  election  of  Presi- 
dent was  referred  to  the  House  and  of  Vice- 
President  to  the  Senate.  The  former  decided 
the  election  of  Jefferson  in  1801  and  of  J.  Q- 
Adams  in  1829,  and  the  latter  elected  R.  M. 
Johnson  Vice-President  in  1837.  But  in  1876 
a  dispute  arose  over  the  validity  of  the  elec- 
tion of  rival  groups  of  electors  in  four  States 
(see  Electoral  Commission)  and  in  1887 
Congress  enacted  a  law  providing  that  each 
State  under  its  own  laws  should  designate  a 
tribunal  to  determine  the  legality  of  its  elec- 


toral votes;  but  should  no  such  tribunal  have 
been  appointed  in  case  of  double  returns,  the 
vote  of  the  State  is  lost  unless  the  two  houses 
agree  as  to  which  electoral  votes  from  the  State 
arc  the  legal  votes.  Under  Art.  I,  Sec.  5,  I 
of  the  Constitution,  each  branch  of  Congress 
is  the  judge  of  the  election,  returns  and  quali- 
fications of  its  own  members.  Although  the 
law  may  be  disregarded,  the  House  usually 
conducts  its  investigations  of  contested  elec- 
tions under  sections  105  to  130  of  the  "Revised 
Statutes."  If  an  election  is  to  be  contested, 
notice  must  be  given  within  30  days  after  the 
result  of  the  election  has  been  determined;  the 
same  period  is  allowed  for  an  answer ;  and  the 
testimony  must  be  taken  within  90  days.  In 
the  House  the  task  of  investigating  these  con- 
tests is  assigned  to  three  committees,  but  in 
the  Senate  this  work  is  performed  by  the  com- 
mittee on  elections.  The  investigating  com- 
mittee is  always  controlled  by  the  party  which 
has  a  majority  in  that  branch  of  Congress  and 
its  report  is  seldom  rejected.  In  most  of  the 
States  each  branch  of  the  legislature  judges 
the  elections  and  qualifications  of  its  own  mem- 
bers, and  this  power  is  granted  also  to  the 
councils  of  many  cities.  As  these  bodies  are 
supreme  within  their  respective  spheres  of  ac- 
tion, courts  are  without  jurisdiction  to  hear 
and  determine  contested  elections  of  their 
members.  In  half  the  States,  the  legislature 
is  empowered  to  decide  gubernatorial  contests 
and  contests  over  one  or  more  of  the  other 
State  offices,  but  in  California,  Delaware  and 
Pennsylvania  these  contests  are  tried  by  a  joint 
committee  of  both  houses.  In  some  States  all 
elections  arc  virtually  decided  by  the  legisla- 
ture sitting  as  the  supreme  canvassing  board. 
If  a  specific  mode  of  contesting  elections  has 
been  provided  by  statute,  that  method  alone  can 
be  employed.  In  the  absence  of  any  statutory 
proceeding  the  only  common-law  remedy  is  quo 
warranto  proceedings,  under  which  the  court 
demands  proof  of  the  authority  by  which  a 
person  exercises  the  functions  of  an  office  and 
ousts  him  if  he  cannot  show  proper  and  legal 
authority.  Strictly  speaking  a  quo  warranto 
proceeding  is  not  a  contest  between  two  per- 
sons for  the  same  office  but  merely  determines 
if  the  person  holding  the  office  be  or  be  not  a 
usurper.  If  the  incumbent  be  proved  a  usurper, 
the  judgment  is  that  he  be  ousted,  whereupon 
the  proper  officials  will  execute  the  supposed 
will  of  the  people  by  placing  the  candidate  actu- 
ally elected  in  possession  of  the  vacated  office. 
Consult  Michael,  W.  H.,  'Elections'  (in  'Cy- 
clopedia of  Law  and  Procedure.'  Vol.  XV,  pp. 
268-465.  New  York  1905);  Mcchem,  F.  R., 
•Law  of  Public  Offices  and  Officers'  (Chicago 
1890);  McCrary.  G.  W.,  'American  Law  of 
Elections'  (Chicago  1897) ;  Rammclkamp, 
C.  H.,  'Contested  Congressional  Elections'  (in 
Political  Science  Quarterly,  Vol.  XX,  pp.  421- 
442.  Boston  1905);  Reinsch.  P.  S.,  'American 
Legislatures  and  Legislative  Methods'  (New 
York  1907);  Rowell,  C.  H..  'Historical  and 
Legal  Digest  of  Contested  Election  Cases  in  the 
House  of  Representatives,  1789-1901'  (Wash- 
ington 1901);  Taft,  G.  S.  'Senate  Election 
Cases'  (Washington  1903)  ;  'Compilation  of 
Senate  Election  Cases,  1789-1913'  ('Senate 
Document'  1036,  62d  Congress,  3d  session, 
1913) ;  and  authorities  cited  in  article  Elec- 
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ELECTIONS.  Federal  Control  of.  Under 
the  Constitution  the  Federal  government  pos- 
sesses a  large  measure  of  control  over  elections 
at  which  senators  and  representatives  arc 
chosen.  Each  State  legislature  possesses  the 
power  to  prescribe  the  times,  places  and  man- 
ner of  holding  Congressional  elections  but  Con- 
gress is  authorized  to  make  entirely  new  regu- 
lations or  to  add  to,  modify  or  alter  such  regu- 
lations, save  those  relating  to  the  choosing  of 
senators  (Art.  I.  Sec.  IV,  HI).  In  1842  Con- 
gress provided  that  members  of  the  House 
should  be  chosen  by  districts  and  this  proce- 
dure is  still  in  vogue ;  an  act  passed  in  1866  pre- 
scribed the  manner  of  choosing  senators  by  the 
State  legislatures.  On  31  May  1870  Congress 
enacted  a  law  providing  that  all  persons  other- 
wise qualified  should  be  granted  the  right  to 
vote  at  all  elections,  irrespective  of  race,  color 
or  previous  condition  of  servitude,  this  act 
being  supplemented  by  another  (28  Feb.  1871) 
relating  particularly  to  the  election  of  repre- 
sentatives. This  act  stipulated  that  voting 
should  be  by  ballot  and  also  provided  for  the 
appointment  by  circuit  judges  on  application  of 
election  inspectors  in  cities,  the  main  object 
being  to  break  up  the  prevailing  corrupt  prac- 
tices. Federal  courts  subsequently  declared  un- 
constitutional some  parts  of  this  law  and  in 
1894  the  sections  providing  for  Federal  super- 
vision were  repealed.  On  2  Feb.  1872  Congress 
definitely  established  the  Tuesday  following  the 
first  Monday  in  November  (starting  in  1876) 
as  the  date  for  Congressional  elections  but 
some  exceptions  to  this  rule  were  allowed  under 
the  amending  act  of  3  March  1875.  Since  that 
time  (apart  from  the  direct  election  of  senators 
by  constitutional  amendment)  the  Federal  gov- 
ernment has  concerned  itself  chiefly  with  legis- 
lation pertaining  to  party  activities,  and  pass- 
ing acts  relating  to  corporation  contributions 
to  campaign  funds,  publicity  of  campaign  funds, 
corrupt  practices  acts,  etc.  Sec  Corrupt  Prac- 
tices Acts;  Electors;  Elections,  Contested. 

ELECTIVE  AFFINITIES,  The.  Goethe's 
'Wahlvcrwandtschaften*  (Elective  Affinities), 
first  intended  for  insertion  among  the  numerous 
short  stories  in  the  second  part  of  'Wilhelm 
Meistcr,'  grew  beyond  the  limits  of  availabil- 
ity for  such  use,  and  was  published  independ- 
ently in  1809.  Its  composition  is  in  the  lei- 
surely and  somewhat  oracular  style  which  makes 
many  of  the  episodes  in  'Wilhelm  Mcister' 
seem  more  like  the  deliverance  of  a  seer  than 
a  mirror  of  actual  life;  but  here  as  elsewhere 
Goethe  develops  a  significant  motif  in  terms  of 
human  experience,  and  the  symbolical  title 
befits  tho  manner  in  which  his  narrative  of 
what  happens  to  a  particular  group  of  persons 
invites  the  mind  to  ponder  the  inscrutable  laws 
governing  human  behavior  in  general.  The  an- 
alogy between  chemical  reactions  and  the  solu- 
tion of  personal  bonds  in  the  moral  sphere  has 
for  us  less  of  mystical  fatality  than  it  had  for 
Goethe's  romantic  contemporaries ;  for  us,  how- 
ever, as  for  them  the  issue  raised  is  momen- 
tous, and  the  treatment  — in  many  respects 
romantic —leads  us  to  examine  the  sanctions 
of  the  first  of  all  social  institutions. 

The  story  deals  primarily  with  a  wedded 
couple  into  whose  domestic  circle  two  other 
persons  are  introduced;  but  of  these  four,  the 
young  girl  Ottilie  is  the  one  upon  whom  our 


attention  i;.  focused.  The  others,  even  the 
wife,  persons  of  experience  in  the  world,  may 
be  left  to  accommodate  themselves  to  changed 
conditions ;  with  Ottilie  we  profoundly  sympa- 
thize ;  for  she,  a  being  of  celestial  purity  and 
devotedness,  becomes  unwittingly  involved  in 
the  toils  of  earthly  life  to  which  she  is  a  stran- 
ger, and  must  by  renunciation  and  death  atone 
for  an  involuntary  fault.  Conceived  in  dra- 
matic terms,  the  theme  might  be  said  to  be  the 
conflict  of  individual  right  with  social  conven- 
tion. But  Goethe's  concern  is  not  with  any 
moral  question  or  any  dramatic  demonstra- 
tion; it  is  with  the  martyrdom  of  a  hap- 
less maiden,  considered  in  its  psycho- 
logical aspect.  The  work,  too  restricted  in 
scope  to  be  called  a  novel,  too  diffuse  to  be  a 
Novelle,  is  a  study  of  singular  penetration  and 
completeness  in  the  inner  life  of  a  beautiful 
soul.  Translated  by  J.  A.  Fronde  and  R.  D. 
Boylan,  London  1854.  Consult  'The  German 
Classics>  (New  York  1913,  Vol.  II). 

William  G.  Howard. 
ELECTIVE  AFFINITY,  a  term  formerly 
used  in  chemistry,  in  connection  with  the  sup- 
posed fact  that  when  a  given  chemical  substance 
is  mixed  with  two  or  more  others  with  which 
it  is  capable  of  combining,  it  will  exhibit  a 
preferential  affinity  for  one  of  them,  and  com- 
bine with  that  to  the  exclusion  of  the  others. 
This  view  of  chemical  action  is  now  known  to 
be  incorrect.   See  Equilibrium,  Chemical. 

ELECTIVE  COURSES  and  ELECTIVE 
STUDIES,  as  applied  to  colleges  and  univer- 
sities in  particular,  and  to  all  schools  in  gen- 
eral, may  be  defined  broadly  as  that  principle 
in  education  which  permits  the  student  to 
choose  his  own  subjects  of  study  during  the 
time  of  attendance  at  school. 

The  ■elcctiveB  or  "optional*  feature  of  edu- 
cational systems  is  not  new:  it  was  in  exist- 
ence in  many  of  the  leading  schools  of  the  Me- 
diaeval Ages,  and  even  earlier.  In  the  United 
States  the  principle  first  appeared  in  the  cur- 
riculum of  the  University  of  Virginia  in  1819. 
Harvard  introduced  it  in  1826,  and  from  that 
time  on  it  received  more  or  less  recognition 
throughout  the  country.  However,  so  few 
availed  themselves  of  the  privilege  of  making 
the  elective  choice  that  more  and  more  it  came 
to  be  required  that  students  should  pursue 
certain  studies  in  order  to  obtain  the  degree  of 
bachelor  of  arts;  and  such  restriction  eventually 
led  to  the  exclusion  of  all  studies  that  did  not 
contribute  to  the  obtaining  of  the  desired  de- 
gree. Gradually  the  secondary  schools  adopted 
compulsory  courses  of  study  preparatory  for 
colleges,  and  crowded  out  many  of  the  studies 
that  might  fit  the  student  for  business  life 
without  going  the  college  road.  The  special 
commercial,  scientific  and  art  schools  came  into 
existence  to  meet  the  wants  and  needs  of  a 
large  number  of  students.  In  the  meantime, 
the  addition  of  many  new  branches  of  study 
so  enlarged  the  educational  resources  of  the 
larger  institutions  that  a  selection  of  studies 
became  a  necessity,  and  it  seemed  wise  to  al- 
low the  student  to  elect  a  course  which  should 
definitely  aid  him  in  preparing  for  a  chosen 
occupation  after  leaving  college.  The  difficulty 
experienced  in  the  extension  of  the  elective 
course  has  been  found  in  the  fact  that  the  choice 
made  by  the  untutored  mind  of  the  average 
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student  was  likely  to  be  ill-balanced.  This  de- 
fect is  overcome  where  able  instructors,  those 
who  understand  human  nature  and  its  needs, 
guide  the  immature  student ;  or,  to  use  the  mod- 
ern term,  where  there  are  wise  "advisers.* 
Present  practice  shows  a  wide  variation  from 
administrations  where  the  entire  course  is 
rigidly  prescribed  to  those  where  every  study 
is  elective.  In  most  colleges  a  part  of  the 
course  is  prescribed  and  the  remainder  elec- 
tive. The  tendency,  however,  is  toward  a 
system  in  which,  while  there  are  prescribed 
courses,  the  student  is  encouraged  or  perhaps 
required  to  concentrate  his  energies  on  some 
special  line  of  study,  and  to  round  out  his 
course  with  studies  wholly  elective,  with  the 
advice  of  the  professors.  In  order  to  ascer- 
tain what  colleges  and  universities  sanction  elec- 
tive courses  it  is  necessary  to  obtain  the  lat- 
est changes  direct  from  the  college  authorities. 
As  an  illustration  of  the  policy  of  the  edu- 
cational institutions  in  the  United  States  the 
following  summary  gathered  from  29  State  uni- 
versities and  55  other  colleges  and  universities 
is  of  interest.  English  is  required  in  78  of 
these  institutions:  it  is  elective  in  6.  One  (at 
least)  foreign  language  is  required  in  68; 
elective  in  14.  Mathematics  is  required  in  61 : 
elective  in  23.  Natural  science  is  required  in 
52 :  elective  in  32.  History  is  required  in  41 : 
elective  in  43.  Physical  education  is  required  in 
38:  elective  in  46.  Philosophy  is  required  in 
32:  elective  in  52.  Psychology  is  required  in 
21 :  elective  in  63. 

Consult  Adams,  'Evolution  of  Educational 
Theory*  (1912)  ;  Baker,  'American  Problems' 
(1907);  Burns,  "Elective  System  of  Studies  in 
Colleges1  (Catholic  World,  Vol.  LXXI,  366); 
Eliot,  'Educational  Reform'  (1905);  and  'Es- 
says and  Addresses'  (1909)  ;  Foster,  'Adminis- 
tration of  the  College  Curriculum*  (1911); 
Hanus,  'Problem  of  Electives'  (Popular  Sci- 
ence Monthly,  Vol.  LVIII,  58);  Phillips, 
'Electives  in  American  Education'  (Pedagogi- 
cal Seminary,  Vol.  VIII,  206)  ;  Shalcr,  Thur- 
bcr  and  others.  'Elective  Studies  in  Second- 
ary Schools'  (Educational  Review,  Vol.  XV, 
417);  Thurber,  'Some  Problems  of  the  Elec- 
tive System'  (School  Review,  Vol.  IX,  79). 

ELECTIVE  MONARCHY.    See  Mon- 

ABCHY. 

ELECTORAL  COLLEGE.  See  Electoks. 

ELECTORAL  COMMISSION,  1877.  The 
electoral  vote  in  the  presidential  election  of  1876 
showed  184  undisputed  votes  for  Tilden;  163 
for  Hayes;  four  States  with  23  votes  —  South 
Carolina,  7;  Florida,  4;  Louisiana,  8;  Oregon, 
3  —  sent  in  conflicting  returns.  If  the  Republi- 
cans won  all  the  contests,  Hayes  was  elected  by 
one  vote.  Of  these  States,  the  first  three  re- 
turned popular  majorities  for  Tilden  electors: 
but  the  "carpet-bag"  governments  in  each  had 
constituted  "returning  boards,"  whose  function 
was  to  throw  out  enough  Democratic  votes,  on 
the  ground  of  intimidation  of  negro  voters,  to 
leave  a  Republican  majority.  Neither  the 
reality  of  the  intimidation,  nor  the  arbitrariness 
of  the  assumption  that  but  for  it  the  negroe9 
would  all  have  voted  and  all  voted  Republican, 
is  now  disputed  by  cither  party.  Oregon  chose 
Hayes  electors;  nut  as  the  returning  boards 
would  give  the  Republicans  the  other  three 
States,  and  therewith  the  election  if  upheld,  the 


Democrats  ousted  a  Hayes  elector  on  a  techni- 
cality and  replaced  him  by  a  Tilden  one,  as  a 
basis  of  compromise  or  a  menace.  Obviously, 
the  Republicans  could  not  compromise  anything 
and  win ;  and  as  they  held  the  administration 
and  the  army,  they  could  defy  threats.  The 
Senate  was  Republican,  the  House  Democratic; 
there  was  therefore  a  deadlock  on  the  admis- 
sion of  returns,  as  the  22d  Joint  Rule,  throwing 
out  disputed  States,  had  been  repealed  by  the 
Senate  20  January  for  this  very  emergency. 
Finally,  as  an  alternative  to  a  most  dangerous 
anarchy,  both  sides  agreed  on  a  joint  commis- 
sion to  pass  on  all  the  contests;  the  Democrats 
being  confident  that  it  could  establish  no  guid- 
ing principle  whatever,  of  going  behind  the 
returns  or  not,  accepting  or  rejecting  State  cer- 
tificates as  conclusive,  which  would  not  give 
them  at  least  one  of  the  disputed  States.  They 
underestimated  the  intellectual  resources  of  their 
opponents.  The  act  creating  the  commission 
was  approved  29  Jan.  1877;  its  decisions  could 
only  be  reversed  by  concurrent  action  of  both 
Houses.  The  body  was  to  be  composed  of  five 
members  of  each  House  and  five  associate  jus- 
tices of  the  Supreme  Court ;  the  latter  as  indi- 
cated were  two  Republicans  and  two  Demo- 
crats, and  were  to  select  a  fifth.  The  Senate 
appointed  three  Republicans, —  G.  F.  Edmunds 
of  Vermont,  O.  P.  Morton  of  Indiana  and  F. 
T.  Frelinghuyscn  of  New  Jersey;  and  two 
Democrats,— T.  F.  Bayard  of  Delaware  and  A. 
G.  Thurman  of  Ohio,  the  latter  taken  sick  and 
replaced  by  Francis  Kernan  of  New  York. 
The  House  appointed  three  Democrats, —  H.  B. 
Payne  of  Ohio,  Eppa  Hunton  of  Virginia  and 
J.  G.  Abbott  of  Massachusetts;  and  two  Re- 
publicans,—  J.  A.  Garfield  of  Ohio  and  G.  F. 
Hoar  of  Massachusetts.  Obviously,  therefore, 
the  odd  justice  would  have  the  deciding  voice. 
The  Republican  judges  were  William  Strong 
and  Samuel  F.  Miller;  the  Democratic,  Nathan 
Clifford  and  Stephen  J.  Field;  they  chose 
Joseph  P.  Bradley  as  the  fifth.  The  counsel 
were  —  Democratic,  Charles  O'Connor  of  New 
York,  Jeremiah  S.  Black  of  Pennsylvania,  Ly- 
man Trumbull  of  Illinois,  R.  T.  Merrick  of  the 
District  of  Columbia,  Ashbel  Green  of  New 
Jersey,  Matthew  H.  Carpenter  of  Wisconsin, 
George  Hoadley  of  Ohio,  W.  C.  Whitney  of 
New  York;  Republicans,  W.  M.  Evarts  and 
E  W.  Stoughton  of  New  York,  Stanley  Mat- 
thews and  Samuel  Shellabarger  of  Ohio.  Other 
lawyers  appeared  on  special  points.  The  States 
were  taken  up  in  alphabetical  order,—  Florida, 
Louisiana,  Oregon,  South  Carolina, —  and  the 
vote  upon  each  was  eight  to  seven  for  the  Re- 
publicans, on  every  contested  point,  Mr.  Justice 
Bradley  sustaining  all  the  contentions  of  that 
side  and  the  Republican  candidate  was  de- 
clared elected.  The  broad  decision  was,  that 
Congress  cannot,  as  it  had  done  repeatedly  be- 
fore, go  behind  the  returns  and  take  evidence 
as  to  the  manner  in  which  State  majorities  for 
electors  have  been  obtained.  On  other  points 
the  decisions  varied  with  the  cases.  In  partic- 
ular, the  Democrats  contended  that  the  question 
as  to  the  eligibility  of  an  elector  who  is  also  a 
government  official  —  a  combination  forbidden 
by  the  Constitution  —  was  decided  in  two  dif- 
ferent ways  within  two  days,  on  the  Florida 
and  Louisiana  cases,  in  both  to  the  profit  of  the 
Republicans;  and  Judge  Bradley  published  a 
defense  of  his  action.   The  court  adjourned 
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sine  die  on  2  March.  The  peaceful  acceptance 
of  the  decision  was  much  helped  by  the  Demo- 
cratic speaker,  Randall  of  Pennsylvania,  who 
firmly  checked  all  Democratic  attempts  to 
•filibuster."  The  proceedings  of  the  Commis- 
sion may  be  found  in  the  'Congressional 
Record'  (Vol.  V,  Part  IV.  1877).  Consult 
Haworth,  'The  Hayes-Tilden  Disputed  Presi- 
dential Election  of  1876*  (Cleveland  1906). 

ELECTORAL  FRAUDS  AND  SAFE- 
GUARDS AGAINST.  The  most  common 
electoral  fraud  is  bribery  (q.v.^,  consisting  of 
the  gift  of  money  or  the  promise  of  some  re- 
ward cither  to  vote  "right*  or  to  remain  away 
from  the  polls.  Employers  of  labor  have  been 
accused  of  attempting  to  influence  the  votes  of 
their  employees  by  threats  of  loss  of  work,  re- 
duced wages,  etc.;  physical  violence  has  been 
used  many  times ;  and  sometimes  the  threatened 
loss  of  social  caste  has  operated  to  sway  the 
voter.  Priests  have  no  right,  cither  in  or  out 
of  the  pulpit,  to  influence  electors  to  vote  a 
particular  way,  by  threats  of  excommunication, 
refusal  of  the  sacrament  and  the  like,  and  if 
they  do  so,  it  is,  according  to  court  decisions, 
an  undue  influence  which  may  vitiate  the  elec- 
tion. The  insertion  of  fictitious  names  on  the 
roll,  the  registration  of  non-residents  or  non- 
citizens,  etc.,  is  almost  impossible  under  present 
methods  of  registration.  One  source  of  election 
evil  is  found  in  faulty  methods  of  identifying 
voters.  The  fraud  that  results  takes  the  form 
of  "impersonation"  (voting  on  another  man's 
name),  or  "repeating*  (votine  more  than  once). 
Sometimes  forged  naturalization  papers  are 
issued  to  prevent  the  discovery  of  fraudulent 
voting.  Floaters  are  employed  in  many  cases, 
especially  in  the  crowded  districts  where  elec- 
tion officials  do  not  know  the  individual  voters. 
Where  a  party  has  too  many  votes  in  one 
precinct  and  too  few  in  another,  colonization  is 
sometimes  practised  (see  Blocks  of  Five;  and 
in  this  connection  see  also  Gerrymander)  ; 
groups  of  actual  voters  mav  be  transferred 
from  a  "safe"  precinct  to  a  "doubtful"  one  and 
still  fulfil  the  letter  of  the  law  if  only  a  brief 
residence  be  required.  To  lessen  the  likelihood 
of  these  crimes,  some  Slates  require  every 
voter  to  establish  anew  each  year  his  right  to 
vote;  others  allow  a  name  once  on  the  lists  to 
stay  there  till  death  or  removal  causes  it  to  be 
dropped.  With  our  dread  of  red  tape  and 
formalities,  we  hesitate  to  adopt  the  ultimate 
remedy  prevailing  in  France,  where  every  man, 
as  he  steps  up  to  the  ballot-box,  must  produce 
his  "electoral  card"  on  which  are  inscribed  his 
full  name,  profession  and  residence.  This  card 
is  issued  by  the  mayor  of  the  town  where  the 
voter  lives,  after  the  latter  has  established  his 
identity  and  majority  by  the  production  of  a 
properly  attested  "act  of  birth."  Each  electoral 
card  is  numbered,  and  when  it  is  presented  at 
the  polls,  the  judge  of  elections  takes  it,  and 
calls  off  the  number  and  name,  while  two  other 
judges,  with  the  official  poll-list  before  them, 
repeat  aloud  the  number  and  name  and  check 
off  on  the  register.  Then,  and  not  till  then,  the 
first  judge  accepts  the  ballot  from  the  voter 
and  drops  it  into  the  box;  and  before  handing 
hack  the  card,  he  tears  off  a  corner  of  it,  which 
renders  it  useless  for  further  voting  that  day. 
These  bits  of  card  are  strung  on  a  wire  and 
are  counted,  at  the  close  of  the  polls,  to  see  if 
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they  tally  with  the  number  of  ballots  in  the  box. 
Various  methods  are  employed  to  destroy  the 
efficacy  of  a  ballot  after  it'  has  been  marked 
by  the  voter.  False  counting  of  ballots  has 
been  an  easy  and  common  way  to  vitiate  elec- 
tion results.  Knavish  counters  may  nullify  bal- 
lots by  adding  marks  or  altering  them ;  ballots 
may  be  rejected  on  trivial  grounds;  and  some- 
times ballot  boxes  may  be  stuffed  before  the 
polls  open.  Defective  ballots  may  be  printed 
by  omitting  or  shifting  the  position  of  candi- 
dates' names. 

Election  frauds  developed  early,  and  an  es- 
pecial abuse  was  the  temporary  conveyancing 
of  lands,  so  as  to  enable  the  grantees  to  vote 
for  a  certain  candidate.  The  election  laws  of 
Rhode  Island,  Xew  Jersey  and  Virginia  for 
the  decade  1760-70  declared  penalties  for  these 
frauds.  The  illicit  use  of  money  in  elections 
began  almost  at  the  beginning  of  political  his- 
tory in  America.  Rhode  Island,  tor  instance, 
found  it  necessary  to  pass  a  general  act  against 
bribery  and  corruption  in  1737,  and  10  years 
later  replaced  it  with  one  even  more  stringent. 
Judging  by  its  provisions  the  evil  must  have 
been  persistent  in  that  colony.  On  14  Oct.  1643 
the  General  Court  of  Massachusetts  ordered 
"that  if  any  freeman  shall  put  in  more  than  one 
paper  or  beane  for  the  choyce  of  any  officer, 
he  shall  forfctt  10s  Id  for  every  offence;  and 
any  man  that  is  not  free,  putting  in  any  vote, 
shall  forfett  the  like  sommc  of  10s  Id."  The 
other  New  England  colonics  found  no  such  laws 
necessary,  but  all  the  others  had  them  save 
New  York  and  Maryland.  In  England  the  pur- 
chase of  votes  was  for  centuries  as  natural  a 
thing  as  the  sale  of  boroughs,  and  no  serious 
attempt  to  prevent  it  was  made  until  1854,  when 
the  Corrupt  Practices  Prevention  Act  defined 
bribery',  forbade  certain  petty  expenditures  and 
required  publicity  of  election  expenses  of  a 
certain  character.  Despite  this  and  other  legis- 
lation, the  evil  did  not  greatly  diminish  and  in 
1883  a  more  drastic  measure  was  adopted, 
which  has  served  as  a  model  for  legislation  else- 
where. In  England  and  Scotland  if  the  number 
of  electors  does  not  exceed*  2,000,  the  Parlia- 
mentary candidate's  maximum  allowance  for 
expenses  is  £380,  with  an  additional  £30  for 
every  1,000  electors  above  2,000.  In  Ireland 
(which  contains  many  small  borough  elec- 
torates), where  the  number  does  not  exceed  500, 
£200;  exceeds  500  but  docs  not  exceed  1.000, 
£250;  exceeds  1,000  but  docs  not  exceed  1,500, 
£275.  After  this  number  has  been  reached,  the 
rate  is  the  same  as  in  England.  In  the  coun- 
ties where  the  number  of  electors  docs  not 
exceed  2,000  (in  England  and  Scotland)  the 
maximum  allowance  is  £650,  with  an  additional 
£60  for  every  complete  1,000  above  2,000.  In 
Ireland,  for  the  same  number  of  electors,  the 
maximum  allowance  is  £500  and  £540  respect- 
ively, with  an  additional  £40  for  every  com- 
plete 1,000  above  2,000.  These  items  do  not 
include  returning  officers'  fees  or  the  personal 
expenses  of  candidates.  In  the  United  States 
all  the  States  have  enacted  laws  penalizing  those 
who  commit  offense<:  against  the  suffrage.  Most 
of  the  States  have  provided  means  to  control 
the  use  of  money  in  elections,  some  limiting  the 
amount  that  may  be  expended  by  each  candi- 
date and  compelling  a  sworn  statement  of  re- 
ceipts and  expenditures;  some  defining  the  ob- 
jects for  which  money  may  be  spent ;  some  re- 
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quiring  campaign  financial  committees  to  render 
a  detailed  statement  of  sources  of  receipts  and 
objects  of  expenditures;  and  many  prohibiting 
absolutely  the  gift  of  money  or  property  to  any 
political  parry,  committee  or  organization  by 
any  corporation  or  joint-stock  company.  The 
more  recent  enactment  of  direct  primary,  initia- 
tive, referendum  and  recall  measures  (qq.v.) 
has  also  done  much  to  rid  politics  of  corrupt 
influence.  Moreover,  if  at  all  possible,  the 
courts  prefer  to  give  effect  to  elections,  particu- 
larly if  they  give  evidence  of  having  been  con- 
ducted fairly  and  honestly;  and  even  the  most 
glaring  irregularities  not  actually  constituting 
fraud  have  been  held  not  to  invalidate  an  elec- 
tion. See  Corrupt  Practices  Acts;  Ballot, 
etc.  Consult  Brooks,  R.  C,  'Corruption  in 
American  Politics  and  Life'  (New  York  1910) ; 
Ford.  H.  f_  'Rise  and  Growth  of  American 
Politics*  (ib.  1898)  ;  Griffith,  E.  C,  'Rise  and 
Development  of  the  Gerrymander*  (Chicago 
1907)  ;  Lowric,  S.  G.,  'Corrupt  Practices  at 
Elections*  (Madison,  Wis.,  1911);  Shaw,  A, 
'National  Lesson  from  Adams  County*  (in 
Review  of  Reviews.  Vol.  XLIII,  pp.  171-180. 
New  York  1911):  Schaffner,  M.  A,  'Corrupt 
Practices  at  Elections*  (Madison,  Wis.,  1906); 
and  authorities  cited  under  article  Corrupt 
Practices  Acts. 

ELECTORAL  QUALIFICATIONS; 
TERMS  OF  AND  QUALIFICATIONS 
FOR  OFFICE.—  The  theory  that  suffrage  is 
a  natural,  inherent  right,  belonging  to  every 
man,  is  now  generally  discredited.  Political 
rights  are  not  essential  to  citizenship,  and  in  a 
dissenting  opinion  in  the  case  of  Amy  vs. 
Smith  (1  Litt.  [Ky.l,  326,  333,  342),  one  judge 


"A  State  mav  deny  all  her  political  rights  to  an  individual 
aad  ret  he  may  be  a  citizen.  The  right*  of  office  and  suffrage 
arc  political  purely,  and  are  denied  by  some  or  all  the  States 
to  part  of  their  population,  who  are  still  citizens.  A  citizen, 
then,  is  one  who  owes  to  government  allegiance,  service,  and 
money  by  way  of  taxation,  and  to  whom  the  government, 
in  turn,  grant*  and  guarantees  liberty  of  person  and  of  con- 
science, the  right  of  acquiring  and  possessing  property,  of 
marriage  and  social  relations,  of  suit  and  defence,  and  security 
in  person,  estate  and  reputation.  These,  with  some  others 
which  might  be  enumrrateil.  being  guaranteed  and  secured 
by  government,  constitute  a  citizen. 

Again  the  Supreme  Court  has  held  that  — 

"The  fact  that  one  it  a  subject  or  citizen  determines 
nothing  as  to  hit  rights  as  such.  They  vary  in  different 
localities  and  according  to  circumstances.  Citizenship  has 
no  necessary  connection  with  the  franchise  of  voting,  eligi- 
bility to  office,  or  indeed  with  any  other  rights,  civil  or 
political.  Women,  minors,  and  persons  noo  compos  an 
citizens  and  not  the  less  so  on  account  of  their  disabilities." 
(United  States  w.  Rhodes.  I860.  AW,.  U.  S.  28.  Fed.  Cas.  No. 
16,151;  see  also  Minor  w.  Happersett.  1874.  21  Wall.  lo2). 


That  suffrage  cannot  be  termed  a  "right*  is 
obvious  since  no  community  can  ever  enfran- 
chise all  its  citizens,  two-fifths  of  whom  are  ex- 
cluded from  participation  in  governmental 
affairs  because  legally  they  arc  infants  and,  as 
such,  unfitted  to  cope  with  government  prob- 
lems to  the  benefit  of  the  State.  Hence  there  is 
no  necessary  relation  between  citizenship  and 
the  right  to  vote.  Minors  and  women  (the  lat- 
ter save  in  those  States  having  woman  suffrage) 
do  not  usually  possess  the  right  to  vote,  al- 
though they  are  citizens ;  and  on  the  other  hand, 
some  States  and  many  municipalities  permit 
persons  to  vote  who  have  no  claim  to  citizenship 
merely  because  they  arc  residents  and  possess 
the  other  qualifications.  Such  a  thing  as  the 
•popular  vote"*  does  not  exist  since  millions  of 


women  have  not  yet  been  vested  with  full  suk 
frage;  in  many  States  bigamists,  bribers,  idiots, 
insane  persons,  etc.,  cannot  vote ;  certain  classes 
of  foreigners  may  never  exercise  the  elective 
franchise;  paupers,  as  dependents,  do  not 
participate  in  shaping  the  government  on  which 
they  are  a  burden  and  to  which  they  contribute  • 
nothing;  and  the  criminal,  by  his  very  acts,  has 
exhibited  his  total  incapacity  to  understand  his 
citizenship  privileges.  Nevertheless,  and  in 
spite  of  the  above  restrictions,  the  suffrage  is 
gradually  widening  and  broadening,  partly  due 
to  the  progress  of  woman  suffrage. 

The  Right  to  Vote  and  the  Power  to  Con- 
fer It.— As  previously  stated,  the  elective  fran- 
chise is  a  privilege  rather  than  a  natural  right; 
its  extension  to  any  excluded  class  is  a  ques- 
tion of  political  expediency;  it  may  be  taken 
away  by  the  power  which  conferred  it  and  if 
this  be  done  no  vested  right  is  violated  nor  bill 
of  attainder  passed.  Subject  to  the  restric- 
tions of  the  national  Constitution  as  to  race, 
color  and  previous  condition  of  servitude,  each 
State  possesses  the  supreme  and  exclusive 
power  to  regulate  the  right  of  suffrage  and  to 
define  the  qualifications  of  its  voters,  however 
unwise,  unjust  or  even  tyrannical  its  regula- 
tions may  be  or  seem  to  be  in  this  regard. 
Hence  the  clauses  in  some  State  constitutions 
requiring  of  voters  the  ability  to  read,  under- 
stand or  interpret  reasonably  any  section  of 
such  constitutions  are  not  in  contravention  of 
the  United  States  Constitution.  Once  granted 
by  a  State  constitution,  the  right  to  vote  can- 
not be  abridged  by  the  legislature;  if  they  be 
fixed  by  the  constitution  that  body  cannot  add 
to  the  qualifications  of  voters  nor  create  othet 
classes  of  voters,  nor  dispense  with  any  of  the 
constitutional  qualifications  nor  enact  provisions 
imposing  upon  a  particular  class  of  citizens 
conditions  and  requirements  not  imposed  upon 
all  others.  On  the  other  hand,  the  legislature 
may  enact  laws  to  regulate  the  exercise  of  the 
elective  franchise,  if  those  laws  do  not  deny 
the  right  of  the  franchise  itself.  Under  the 
national  Constitution  Congress  cannot  prescribe 
the  qualifications  of  electors  in  the  States,  but 
Congress  may  penalize  a  criminal  by  forfeiting 
his  United  States  citizenship,  and  if  under  the 
State  constitution  only  United  States  citizens 
are  allowed  to  vote,  Congress  may  thus  deprive 
a  person  of  the  opportunity  to  enjoy  a  right 
which  belongs  to  him  as  a  citizen  of  the  State, 
even  the  right  of  voting,  but  cannot  deprive  him 
of  the  right  itself.  The  Constitution  does  not 
confer  the  right  of  suffrage  upon  anyone  indi- 
vidually nor  upon  any  class  of  persons  — the 
United  States  has  no  voters  of  its  own  creation 
in  the  States.  It  is  true  that  the  Fiftemth 
Amendment  is  usually  interpreted  as  giving  the 
negro  the  right  to  vote,  but  it  merely  exempts 
from  discrimination  in  the  exercise  of  the 
elective  franchise  and  no  negro  possesses  the 
right  to  vote  unless  he  conform  to  all  the 
qualifications  and  restrictions  imposed  by  the 
State  constitutions  upon  white  voters.  But 
Congress  may  punish  any  State  official  who  re- 
fuses to  perform  the  duties  necessary  to  qualify 
all  colored  citizens.  Thus  the  right  to  vote  in 
the  States  is  conferred  by  the  States  but  the 
right  of  exemption  from  the  prohibited  dis- 
crimination comes  from  the  national  govern- 
ment. 

The   Constitution   says  that  Congressmen 
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shall  be  chosen  by  the  people  of  the  several 
States  and  that  "the  electors  in  each  State  shall 
have  the  qualifications  requisite  for  electors  of 
the  most  numerous  branch  of  the  State  legis- 
lature* (Art  1,  §  2,  J|  1).  The  States  do  not 
define  who  shall  vote  for  Congressmen  but 
merely  prescribe  the  qualifications  of  those  who 
vote  for  the  popular  branch  of  their  own  legis- 
latures and  the  Constitution  says  that  the  same 
persons  vote  for  Congressmen.  Hence  Con- 
gressional electors  do  not  owe  their  right  to 
vote  to  the  State  law  in  any  sense  which  makes 
the  exercise  of  the  right  exclusively  dependent 
on  the  law  of  the  State.  Since  the  right  to 
vote  is  not  natural,  the  State,  unless  expressly 
prohibited  by  its  constitution,  may  confer  the 
right  only  on  those  who  pay  taxes  for  the  sup- 
port of  the  government ;  and  even  though  the 
constitution  fix  the  qualifications  of  voters  at 
general  elections,  yet  the  legislature,  in  grant- 
ing municipal  charters  and  providing  for  special 
local  elections,  may  make  the  payment  of  taxes 
a  condition  precedent  to  the  right  to  vote  at 
such  elections.  If  United  States  citizenship  be 
a  requisite  qualification  of  an  elector,  a  for- 
feiture of  that  citizenship  will  disqualify  him, 
provided  a  regular  legal  trial  and  conviction  be 
shown.  Many  of  the  State  constitutions  pro- 
vide that  persons  convicted  of  infamous  crimes 
or  crimes  of  a  high  degree  lose  the  privilege  of 
voting  and  it  has  been  held  also  that  a  convic- 
tion of  crime  of  a  disqualifying  nature  in  a 
Federal  court  has  the  effect  to  exclude  the  per- 
son convicted  from  office  and  suffrage  the  same 
as  if  he  had  been  convicted  in  a  State  court. 
A  general  absolute  pardon  of  the  executive  re- 
stores the  convicted  person  to  the  full  enjoy- 
ment of  his  civil  rights,  including  the  right  to 
vote,  and  a  Presidential  pardon  likewise  re- 
stores the  right  to  those  convicted  in  Federal 
courts,  but  while  a  Presidential  pardon  restores 
the  criminal  to  the  rights  and  privileges  of  a 
citizen  of  the  United  States,  it  does  not,  without 
the  assent  of  the  State,  restore  him  to  the  ex- 
ercise of  that  right  if  the  sovereign  power  of 
the  State  has  excluded  him  from  the  right  of 
suffrage.  Unless  pardoned  bv  the  executive, 
ex-convicts  continue  to  be  disfranchised.  In 
this  connection  the  existence  of  a  double 
citizenship  in  the  United  States  should  be  men- 
tioned   One  authority  says: 

"There  is  ft  clear  distinction  between  nation*!  chinmship 
and  State  citizenship.  A  person  who  U  a  cititen 

of  the  United  State*  and  a  resident  of  a  particuUr  State  ia 
necessarily  a  citisen  of  that  State.  On  the  other  hand  ft 
person  may  be  a  citisen  of  the  United  States  «nd  not  •  citisen 
of  any  particular  State.  This  is  the  condition  of  at  mens 
residing  in  the  District  of  Columbia,  and  in  the  territories 
of  the  United  States,  or  who  have  taken  up  a  residence 
•broad.  So  a  person  may  be  a  cititen  of  a  particular  State 
and  n^t  a  cititen  of  the  United  States,  as  an  alien  who  ha* 
declared  his  intention  to  l>rcome  a  cititen  and  who  is  by  locaJ 
law  entitled  to  vote  in  the  State  of  his  residence  and  there 
to  esercise  all  other  local  functions  of  local  citizenship,  such 
as  hoMins  office,  the  rujht  to  poor  relief,  etc.  but  who  is  not 
a  cititen  of  the  United  States.  Nothing  which  a  State  can 
do  will  invest  a  foreigner  with  the  righU  and  privileges  of  a 
cititen  of  the  United  States."  (  Corpus  Juri*,'  Vol.  XI.  p. 
777). 

Colonial  Electoral  Qualifications.— The 

principal  qualification  required  of  the  early 
colonial  electors  was  that  they  should  hr  •free- 
men," a  term  of  various  interpretations  even 
in  the  colonies  themselves,  hut  held  generally 
to  mean  persons  of  recognized  responsibility. 
In  Virginia  and  North  Carolina,  Indians  and 
negroes  were  not  allowed  to  vote     In  South 


Carolina  and  Georgia  the  privilege  was  re- 
stricted to  white  men,  but  the  law  was  not 
rigidly  enforced,  for  free  negroes  were  re- 
corded as  voting  in  South  Carolina  in  1701. 
In  Pennsylvania  only  natural-born  subjects  of 
England  could  vote;  in  Massachusetts,  after 
1664,  only  Englishmen  could  vote.  In  South 
Carolina,  however,  the  French  Huguenots  had 
equal  franchise  with  the  English  •freemen.* 
In  general,  the  voter  was  required  to  be  of 
good  moral  character  and  obedient  to  the  laws ; 
immoral  behavior  might  result  either  in  tem- 
porary or  permanent  disfranchisement.  In  Ply- 
mouth voters  were  to  be  'orthodox  in  the 
fundamentals  of  religion*  Massachusetts  in 
1631  demanded  also,  "to  the  end  that  the  body 
of  the  freemen  may  be  preserved  of  honest 
and  good  men,*  that  "henceforth  no  man 
shall  be  admitted  to  the  freedom  of  the  com- 
monwealth but  such  as  arc  members  of  some 
of  the  churches  within  the  limits  of  this  juris- 
diction.* This  provision,  however,  lasted  only 
until  1664  or  1665.  Massachusetts  excluded 
uakers,  but  they  were  permitted  to  vote  in 
hode  Island  and  Connecticut,  which  colonies 
did  not  specify  church  membership;  while  in 
the  other  colonies  their  reluctance  to  take  oaths 
usually  operated  to  debar  them  from  the  fran- 
chise. In  most  of  the  colonies  Roman  Cath- 
olics were  not  allowed  to  vote,  New  Haven 
and,  for  a  time,  Maryland  being  notable  ex- 
ceptions. New  York  excluded  Catholics  in 
1701  and  Jews  in  1737.  Virginia  was  the  only 
colony  specifically  debarring  women  from  the 
franchise,  though  they  were  effectually  ex- 
cluded in  South  Carolina,  Georgia  and  Dela- 
ware ;  but  the  others  incidentally  excluded  them 
by  according  the  vote  only  to  "freemen ,»  or  by 
confining  the  suffrage  to  males  of  at  least  21 
years  of  age.  However,  the  laws  often  read 
"freeholders*  rather  than  "freemen,*  and  it  is 
impossible  to  tell  how  far  under  this  the  women 
voted,  though  at  least  a  few  voted  in  New 
Jersey.  In  Virginia  a  property  qualification 
was  required:  a  voter  must  be  a  "housekeeper,* 
either  as  owner  or  tenant.  Massachusetts,  Dela- 
ware and  Maryland  required  an  estate  of  at 
least  $200;  after  1699  New  York  required  that 
voters  for  members  of  the  lower  branch  of  the 
legislature  be  "freeholders*  of  an  estate  valued 
at  not  less  than  £40,  but  in  Albany  and  New 
York  city  all  "freemen"  were  allowed  to  vote. 
Rhode  Island  stipulated  that  voters  must  pos- 
sess "competent  estates,*  which,  later,  were  de- 
fined as  the  possession  of  $500,  or  a  rental  list 
of  at  least  $10  (afterward  $50,  and  still  later, 
$100)  per  annum.  Pennsylvania,  New  Jersey, 
Delaware,  Maryland,  North  Carolina,  South 
Carolina  and  Georgia  required  the  possession 
of  50  acres  of  land,  of  which  a  certain  (vary- 
ing) portion  should  be  under  cultivation.  Vir- 
ginia required  the  possession  of  100  acres  of 
land  if  untenanted,  and  25  acres  if  a  residence 
not  less  than  12  feet  square  were  built  upon 
the  land  and  occupied.  The  same  size  of  house 
on  a  small  lot  in  a  town  fulfilled  the  colony's 
requirement  in  this  respect.  At  Wilmington, 
only  those  could  vote  who  had  occupied  brick 
houses  at  least  16  feet  wide  and  20  feet  long, 
and  for  at  least  three  months  preceding  the 
election.  The  residence  qualification  in  other 
colonies  varied  from  six  months  in  Georgia  to 
two  vears  in  Pennsylvania  and  Delaware.  See 
also  United  States'—  Suffrage  in  the. 
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Broadening  of  the  Suffrage.—  When  the 
Constitution  was  framed  in  1787  suffrage  quali- 
fications were  so  divergent  in  the  various  States 
that  no  attempt  was  made  to  impose  restric- 
tions and  the  States  were  allowed  to  modify 
their  electoral  qualifications  as  they  deemed 
wise,  the  only  restriction  being  that  contained 
in  Article  I,  §  2,  H  1  which  provides  that  Con- 
gressmen shall  be  elected  by  people  in  the  vari- 
ous States  "who  have  the  qualifications  requi- 
site for  electors  of  the  most  numerous  branch 
of  the  State  legislature."  At  that  time  this 
distinction  was  of  great  importance  since  all 
the  States  required  the  payment  of  taxes  or 
ownership  of  real  or  personal  property  varying 
in  value  from  $33  to  $200.  Moreover,  North 
Carolina  distinguished  between  electors  for 
members  of  her  legislature;  to  vote  for  a  mem- 
ber of  the  lower  house  the  elector  need  only 
to  have  paid  taxes,  but  to  vote  for  a  member 
of  the  senate  he  must  own  a  freehold  of  50 
acres.  New  York  required  that  all  voters  for 
members  of  the  assembly  own  a  freehold  valued 
at  i20  or  pay  rent  of  40s.  and  that  taxes  must 
have  been  paid  to  the  State  during  the  previous 
year;  while  the  person  who  voted  for  senator 
must  be  possessed  of  an  unencumbered  free- 
hold valued  at  not  less  than  £100.  Gradually 
these  requirements  were  eliminated,  the  prop- 
erty test  being  abolished  by  Maryland  in  1801 
and  1809,  New  York  and  Massachusetts  in 
1821,  Tennessee  in  1834,  New  Jersey  in  1844, 
Connecticut  in  1845,  Virginia  in  1850,  South 
Carolina  in  1865,  North  Carolina  in  1854  and 
1868:  and  the  tax-paying  test  being  abolished 
by  New  York  in  1826,  Louisiana  in  1845,  Ohio 
in  1851  and  Virginia  and  Mississippi  in  1882. 
Nevertheless,  many  States  continued  to  insist 
upon  the  poll  tax  and  Rhode  Island  still  has  a 
law  that  prohibits  a  person  who  has  not  paid 
during  the  previous  year  a  tax  upon  his  prop- 
erty in  the  State  valued  at  $134  at  least  from 
voting  for  city  councilmen  or  upon  any  meas- 
ure of  municipal  finance.  Some  of  the  other 
States  now  have  tax  or  property  tests  as  will 
appear  in  the  subjoined  table.  The  next  great 
extension  of  the  suffrage  was  an  outcome  of 
the  Civil  War,  when  during  the  Reconstruction 
period  (see  United  States — Reconstruction  in 
the)  the  Fourteenth  and  Fifteenth  Amend- 
ments to  the  Constitution  were  adopted,  for- 
bidding the  States  to  discriminate  against  the 
negro.  Finally  women  have  won  voting  privi- 
leges on  an  equality  with  men  —  in  Wyoming 
(18W>),  Colorado  (1893),  Utah  (1896),  Idaho 
0896),  Washington  (1910),  California  (1911), 
Kansas  (1912),  Arizona  (1912),  Oregon 
(1912),  Alaska  (1913).  Montana  (1914).  Ne- 
vada (1914).  New  York  (1917,  effective  1918). 
In  other  States  they  possess  a  restricted 
suffrage,  for  details  of  which  see  Woman 
Suffrage.  See  also  Ballot;  Vote,  Voters, 
Voting. 

Modern  Electoral  Qualifications.—  Most 
cf  the  States  have  uniform  laws  for  electors 
of  every  officer  to  be  elected  in  the  State, 
though  this  statement  must  be  qualified  as  to 
those  States  which  permit  women  to  vote  in 
the  election  of  school  boards  or  committees,  or 
which  allow  women  who  arc  taxpayers  to  vote 
upon  financial  measures.  Unlike  some  Euro- 
pean countries,  such  as  Germany,  the  vote  of 
the  lodging-house  dweller,  the  loafer,  etc.,  in 


the  United  States  carries  as  much  weight  in 
the  election  as  the  vote  of  the  wealthiest  or 
most  distinguished  citizen.  Most  of  the  States 
require  that  their  voters  be  full-fledged  United 
States  citizens.  As  a  rule  the  State  constitu- 
tions require  that  a  voter  be  a  male,  at  least  21 
years  of  age,  who  is  a  citizen  of  the  United 
States,  either  native  or  naturalized,  and  can 
read  or  write  English  or  both.  The  "male* 
provision,  of  course,  is  inoperative  in  those 
States  wherein  women  enjoy  the  suffrage. 
Some  States,  particularly  those  that  are  anxious 
to  obtain  immigrants  as  agricultural  laborers, 
extend  the  privilege  of  voting  to  an  alien  who 
has  declared  his  intention  of  becoming  a  citi- 
zen and  has  resided  in  the  State  a  certain 
period  of  time  before  election  —  usually  six 
months  to  a  year.  Such  a  voter  is  not  bound 
by  an  oath  of  allegiance  to  the  United  States 
nor  has  he  foresworn  allegiance  to  his  native 
land:  hence  a  situation  might  arise  under 
which  this  voter  would  help  elect  the  officers 
of  the  United  States  government  and  the  next 
day  the  United  States  might  become  involved 
in  a  dispute  with  the  government  of  his  native 
country  over  some  question  respecting  his  citi- 
zenship. Courts  have  ruled  that  if  a  father 
become  a  naturalized  citizen  of  the  United 
States  before  his  son  shall  have  attained  his 
majority,  the  latter,  though  alien-born,  ipso- 
facto  becomes  a  citizen  and  need  not  undergo 
the  formality  of  naturalization  if  dwelling 
within  the  United  States  ('Revised  Statutes/ 
Title  XXX,  §  2172)  ;  but  the  son  of  an  alien 
cannot  be  vested  with  citizenship  by  implica- 
tion merely  because  the  father  declared  his  in- 
tention of  becoming  a  citizen  prior  to  the  time 
the  son  attained  his  majority.  Basing  his  state- 
ments on  court  decisions,  one  authority  says: 

"While  it  ha«  been  held  that  citizenship  will  not  be  pre- 
sumed merely  from  the  fact  of  having  owned  real  estate, 
having  voted,  or  having  held  an  elective  office,  it  seems  that 
having  participated  in  elections  and  having  held  elective 
offices  are  facts  strongly  tending  to  establish  at  leant  a  prima 
facie  case  of  citizenship;  and  it  baa  been  held  that,  where 
the  State  confers  the  right  of  State  citizenship  on  aliens  who 
have  declared  their  intentions  to  become  citizens  of  the 
United  States,  the  act  of  voting  is  conclusive  proof  of  an 
acceptance  of  such  State  citizenship  by  them.  ('  Corpus 
Jiins.'  Vol  XI.  p.  787). 

Some  States  enfranchise  men  of  Indian  de- 
scent, native  of  the  United  States,  while  others 
grant  the  privilege  to  Indians  who  have  been 
declared  citizens  of  the  United  States  by  act 
of  Congress  and  to  civilized  Indians,  not  mem- 
bers of  any  tribe.  As  a  rule,  idiots,  insane  per- 
sons and  felons  arc  not  allowed  to  vote  and 
sometimes  vagrants,  paupers,  persons  convicted 
of  treason,  bribers,  embezzlers,  bigamists,  Chi- 
nese, etc.,  are  excluded.  Some  constitutions 
state  that  United  States  soldiers  and  seamen 
gain  no  voting  residence  b}'  being  stationed  in 
the  State,  while  the  residents  of  the  District  of 
Columbia,  when  it  became  the  seat  of  the 
general  government,  lost  the  right  to  vote 
therein  for  national  officers  or  on  matters  of 
'national  concern. 

Educational  and  "Other  Tests.— The  edu- 
cational, property,  tax,  and  good  character 
tests,  grandfather  clauses,  etc.,  have  operated 
to  exclude  many  thousands  of  voters  —  particu- 
larly the  negro  voters  of  the  South.  Connecti- 
cut in  1854  and  Massachusetts  in  1856  led  the 
other  States  in  requiring  of  voters  the  ability 
to  read  the  constitution  and   (in  Massachu- 
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setts)  to  write  their  own  names.  To  some 
extent  the  national  naturalization  laws  have 
offset  the  effects  of  these  tests  since  an  appli- 
cant for  citizenship  must  sign  the  application 
in  his  own  handwriting  and  when  taking  out 
his  final  papers  must  be  able  to  speak  the  Eng- 
lish language.  (See  Aliens;  Citizenship 
in  the  Uniteji  States;  Naturalization). 
The  exclusion  of  the  negro  in  the  South 
was  undertaken  to  assure  permanence  of 
white  rule,  since  the  negro,  during  the  Re- 
construction period,  had  displayed  a  total 
unfitness  to  govern.  Constitutional  amend- 
ments were  adopted  to  attain  this  end  by  law 
rather  than  by  force,  intimidation  or  fraud. 
In  addition  to  a  new  registration  law,  already 
in  vogue,  the  Mississippi  constitution  of  1890 
required  that  a  prospective  voter  be  registered, 
a  payer  of  a  poll  tax,  and,  after  1  Jan.  1892, 
able  to  read  any  portion  of  the  constitution  or 
to  understand  it  when  read  to  him,  or  to  render 
a  reasonably  accurate  interpretation  of  it.  The 
South  Carolina  constitution  of  1895  permitted 
the  registration  of  an  otherwise  qualified  per- 
son, "provided  that  he  can  both  read  and  write 
any  section  of  this  constitution  submitted  to 
him  by  the  registration  officer,  or  can  show 
that  he  owns  and  has  paid  all  taxes  collectible 
during  the  previous  year  on  property  in  this 
State  assessed  at  $300  or  more."  The 
Louisiana  constitution  of  1898  contained  similar 
clauses,  but  for  would-be  voters,  who  might  be 
excluded  by  these  tests,  the  constitution  pro- 
vided that  any  male  person  ■who  was  on  Jan- 
uary 1,  1867,  or  at  any  date  prior  thereto, 
entitled  to  vote  under  the  constitution  or  stat- 
utes of  any  State  of  the  United  States,  wherein 
he  then  resided,  and  any  son  or  grandson  of 
any  such  person  not  less  than  twenty-one  years 
of  age  at  the  date  of  the  adoption  of  this 
Constitution"  should  be  allowed  to  register 
and  vote  at  all  elections  without  possessing  the 
educational  or  property  qualifications.  In  1901 
Alabama  incorporated  a  provision  requiring 
that  voters  be  of  "good  character"  and  "under- 
stand the  duties  and  obligations  of  citizenship 
under  a  republican  form  of  government."  Vir- 
ginia has  imitated  this  qualification.  (See  also 
United  States— Suffrage  in  the).  The  consti- 
tutionality of  these  provisions  has  not  been 
definitely  decided  by  the  Supreme  Court, 
though  several  cases  have  been  considered.  Re- 
garding the  Mississippi  constitution  (Williams 
vs.  Mississippi,  170  U.  S.  213),  the  Court  de- 
clared that  the  qualifications  did  not  "on  their 
face  discriminate  between  the  white  and  negro 
races,  nor  amount  to  a  denial  of  the  equal  pro- 
tection of  the  law  secured  by  the  Fourteenth 
Amendment  to  the  Constitution;  and  it  has 
not  been  shown  that  their  actual  administration 
was  evil,  but  only  that  evil  was  possible  under 
them."  The  Court  further  stated  (Giles  vs. 
Harris,  189  U.  S.  474)  — "Relief  from  a  great 
political  wrong,  if  done  as  alleged,  by  the  peo- 
ple of  a  State,  or  by  the  State  itself,  must  be 
given  by  them,  or  by  the  legislative  and  political 
departments  of  the  government  of  the  United 
States." 

On  21  June  1915  the  Supreme  Court  de- 
clared void  the  "grandfather  clauses"  of  the 
Maryland  and  Oklahoma  constitutions.  In 
Maryland  the  clause  was  inserted  in  laws  gov- 
erning elections  in  various  cities     In  1908  it 


was  inserted  in  the  law  governing  municipal 
elections  in  the  city  of  Annapolis.  It  author- 
ized the  registration  as  voters  of  all  taxpayers 
of  the  city  assessed  for  at  least  $500;  all  duly 
naturalized  citizens,  all  male  children  of  nat- 
uralized citizens  21  years  of  age,  and  "all  citi- 
zens who  prior  to  Jan.  1,  1868,  were  entitled 
to  vote  in  the  State  of  Maryland  or  any  other 
State  of  the  United  States  at  a  State  election, 
and  the  lawful  male  descendants  of  any  person 
who  prior  to  Jan.  1,  1868,  were  entitled  to  vote 
in  the  State  of  Maryland  or  in  any  other  State 
of  the  United  States  at  a  State  election."  The 
constitution  of  Oklahoma,  upon  which  that  Ter- 
ritory was  admitted  to  the  Union  as  a  State, 
gave  something  very  like  manhood  suffrage. 
Prior  to  the  election  of  1910,  however,  an 
amendment  was  adopted  restricting  the  fran- 
chise.  The  amendment  in  part  was  as  follows : 

"No  person  ihall  be  registered  aa  an  elector  of  thu  State 
or  be  allowed  to  vote  in  any  election  herein  unless  be  shall 
be  able  to  read  and  write  any  section  of  the  Constitution 
of  the  State  of  Oklahoma;  but  no  person  who  was  on  Jan.  I, 
1866,  or  at  any  time  prior  thereto,  entitled  to  vote  under 
any  form  of  government,  or  who  at  any  time  resided  in  some 
foreign  nation  and  no  lineal  descendant  of  such  person  shall 
be  denied  the  right  to  register  and  vote  because  of  his  inability 
to  so  read  and  write  sections  of  such  Constitution." 

The  contentions  of  the  election  officers  as 
plaintiffs  in  error,  really  setting  forth  the  posi- 
tion of  the  State,  are  thus  outlined  by  the  chief 
justice : 

"It  said  the  States  have  the  power  to  fix  standards  for 
suffrage  and  that  power  was  not  taken  away  by  the  Fifteenth 
Amendment,  but  only  limited  to  the  extent  of  the  prohibitions 
which  the  amendment  established.  This  b»:inu  true,  as  the 
standard  fixed  does  not  in  terms  make  any  discrimination 
on  account  of  race,  color  or  previous  condition  of  servitude, 
since  all.  Whether  negro  or  white,  who  come  within  its  require- 
ments, enjoy  the  privilege  of  voting,  there  is  no  ground  upon 
which  to  rest  the  contention  that  the  provision  violates  the 
Fifteenth  Amendment.  This,  it  is  insisted,  must  be  the 
case  unless  it  is  intended  to  expressly  deny  the  State  s  right 
to  provide  a  standard  for  suffrage,  or  what  is  equivalent 
thereto,  to  assert :  (a)  That  the  judgment  of  the  State  exercised 
in  the  execution  of  that  power  is  subject  to  Pcderal  judicial 
review  or  to  supervision,  or  (b)  that  it  may  be  questioned 
or  be  brought  within  the  prohibitions  of  the  amendment  by 
attributing  to  the  legislative  authority  an  occult  motive  to 
violate  the  amendment  or  by  assuming  that  an  exercise  of 
the  otherwise  lawful  power  may  be  invalidated  because  of 
conclusions  concerning  its  operation  in  practical  execution 
and  resulting  discrimination  arising  therefrom,  albeit  such 
discrimination  was  not  expressed  in  the  standard  fixed  or 
fairly  to  be  implied,  I  nit  simply  arose  from  inequalities 
naturally  inhering  in  those  who  must  come  within  the 
standard  in  order  to  enjoy  the  right  to  vote." 

The  government  insisted,  on  the  other  hand, 
that  the  "real  question  involved  is  the  repug- 
nancy of  the  standard  which  the  amendment 
makes,  based  upon  the  conditions  existing  on 
Jan.  1,  1866,  because  on  its  face  and  inherently 
considering  the  substance  of  things,  that  stand- 
ard is  a  mere  denial  of  the  restrictions  imposed 
by  the  prohibitions  of  the  Fifteenth  Amend- 
ment and  by  necessary  result  creates  and  per- 
petuates the  very  conditions  which  the  amend- 
ment was  intended  to  destroy." 

The  chief  justice  summed  up  the  opinion  of 
the  court  in  these  words : 

"There  seems  no  escape  from  the  conclusion  that  to  hold 
that  there  was  even  possibility  for  dispute  on  the  subject 
wmitd  be  Imt  to  declare  that  the  Fifteenth  Amendment  not 
only  had  the  self-executing  power  which  it  has  been  recognised 
to  have  from  the  beginning,  but  that  its  provisions  were 
wholly  inoperative  because  susceptible  of  being  rrndcred 
inapplicable  by  mere  forms  of  expression  embodying  no 
exercise  of  judgment  and  resting  upon  no  discernible  reason 
other  than  the  purpose  to  disregard  the  prohibitions  of  the 
amendment  by  creating  a  standard  of  voting  which  on  its 
faro  was  in  substance  nut  a  rcvitalization  of  the  conditions 
which,  when  they  prevailed  in  the  past,  had  lieen  destroyed 
by  the  self -operative  force  of  the  amendment.  It 


Digitized  by  Google 


ELECTORAL  QUALIFICATIONS 


75 


it  troe  it  contains  no  express  word*  of  an  exclusion,  from  the 
standard  which  it  established,  of  any  persons  on  account 


of  race,  color, 
by  the  Fifteenth 


previous  condition  of  servitude  prohibited 
at,  but  the  standard  itself  inner- 

on  a  period  of  tunc  before  the  5e^ac^tVtWif{e^& 
Amendment  and  makes  that  period  the  controlling  and  domi- 
nant test  of  the  right  of  suffrage. 

"We  are  unable  to  discover  how.  unless  the  prohibitions 
of  the  Fifteenth  Amendment  were  considered,  the  slightest 
reason  was  afforded  for  basing  the  classification  upon  a 
period  of  time  prior  to  the  Fifteenth  Amendment.  Cer- 
tainly it  cannot  be  said  that  there  was  any  peculiar  necromancy 
in  the  time  named  which  engendered  attributes  affecting  the 
Qualification  to  vote  which  would  not  exist  at  another  and 
different  period  unless  the  Fifteenth  Amendment  was  in 


The  Court  took  the  view  that  under  ordi- 
nary circumstances  the  State  should  decide  the 
question  whether  the  nullification  of  the  excep- 
tions of  the  grandfather  clause  would  at  the 
same  time  make  void  the  general  literacy  test 
to  which  it  was  appended.  In  the  absence  of 
a  decision  by  a  State  court  the  Chief  Justice, 
however,  said  that  the  Federal  tribunal  would 
pass  upon  the  question.  Ordinarily  a  provision 
Uke  the  literary  test,  which  is  legal  in  itself, 
would  not  be  destroyed  by  the  wiping  out  of  an 
illegal  accompanying  provision.  But  the  plain 
meaning  of  the  Oklahoma  constitution  was  that 
the  reading  test  should  not  be  used  to. disqual- 
ify lineal  descendants  of  voters  prior  to  1866. 
As  this  would  be  accomplished  in  many  cases 
by  continuing  the  reading  test  without  the  of- 
fensive exemptions,  the  whole  provision  was 
stricken  out.  Accordingly  in  1916  the  Oklahoma 
legislature  passed  a  proposed  constitutional 
amendment  (approved  by  the  governor  21  Feb. 
1916),  which  prohibited  any  property  qualifi- 
cation; it  contained  the  reading  and  writing 
clause  but  this  clause  was  inoperative  if,  prior 
to  the  adoption  of  the  amendment,  a  prospec- 
tive elector  had  served  in  the  land  or  naval 
forces  of  the  United  States  or  of  any  State  or 
foreign  nation,  or  in  the  Revolution,  War  of 
1812,  Mexican  War,  or  on  either  side  in  the 
Indian  wars  or  the  Civil  War;  and  all  lawful 
descendants  of  such  persons  were  included. 
But  this  amendment  was  rejected  at  the  election 
of  August  1916  and  now  the  only  restriction  on 
suffrage  in  Oklahoma  is  a  universal  registration 
act  passed  by  a  special  session  of  the  legisla- 
ture in  1916. 

Residence  and  Absentee  Voting:—  Gener- 
ally speaking,  an  elector  must  vote  in  the  pre- 
cinct wherein  he  resides,  if  he  have  a  fixed 
place  of  abode.  As  employed  in  the  statutes 
and  constitutions  in  defining  political  rights,  a 
residence  is  synonymous  with  home  or  domicile, 
denoting  a  permanent  dwelling  place  to  which 
the  party  when  absent  intends  to  return.  An 
absence  for  months  or  even  years,  provided  the 
party  intended  it  merely  as  a  temporary  ar- 
rangement, after  which  he  would  occupy  his 
former  home,  would  not  constitute  an  abandon- 
ment of  such  residence  or  home  or  deprive  the 
party  of  his  right  to  vote  thereat.  But  the 
mere  act  of  abiding  in  a  place  for  a  definite 
time  and  for  a  specific  purpose,  with  no  present 
intention  of  remaining  and  making  it  a  per- 
manent home,  would  not  constitute  a  residence 
entitling  the  party  to  vote.  A  person  Mho  re- 
moves from  the  jurisdiction,  intending  to  re- 
main, thereby  loses  his  residence,  even  though 
he  •  may  afterward  change  his  intention  and 
return;  nor  can  he  vote  until  he  has  re-estab- 


lished his  residence  by  remaining  in  the  juris- 
diction the  statutory  period.  Courts  have  held, 
however,  that  where  a  person  is  a  bona-fide 
resident  of  a  county  but  has  no  fixed  residence 
or  domicile  in  any  particular  precinct  therein, 
he  may  vote  in  any  precinct  wherein  he  may 
happen  to  be  on  election  day.  In  1915  Vermont 
enacted  a  law  permitting  a  voter  who  changed 
his  residence  within  15  days  prior  to  election  to 
vote  in  the  town  to  which  he  moved ;  conversely 
Connecticut  and  California  allowed  the  voter 
to  retain  a  voting  residence  in  the  town  from 
which  he  moved.  Colorado,  Iowa,  Michigan, 
Montana,  Washington  and  Wisconsin  passed 
laws  permitting  voters  absent  from  their  home 
precincts  to  vote  elsewhere  in  the  State.  In 
1916  Virginia  and  Oklahoma  provided  for  ab- 
sentee voting,  the  former  allowing  absent  elec- 
tors to  vote  by  registered  mail  and  the  latter 
permitting  an  elector  absent  from  his  county 
to  vote  in  another  precinct  Absentee  voting 
occurs  sometimes  when  large  bodies  of  citizens 
are  called  into  some  branch  of  governmental 
service,  such  as  the  army ;  this  happened  in  the 
elections  of  1916  and  1917  when  the  National 
Guard  troops  were  on  the  Mexican  border,  or 
in  France  or  in  cantonments  preparing  for  serv- 
ice abroad,  special  provisions  being  made  for 
the  balloting  at  the  camps.  In  the  election  of 
November  1917  Massachusetts  adopted  an 
amendment  enabling  the  legislature  to  establish 
arrangements  for  absentee  voting. 

Voting  in  Territories  and  Dependencies. 
—  As  previously  stated,  residents  of  the  Dis- 
trict of  Columbia  do  not  vote,  the  government 
being  in  the  hands  of  a  board  of  commission- 
ers appointed  by  the  President.  From  1802  to 
1855  white  taxpayers  were  permitted  to  vote 
for  local  officers;  subsequently  the  taxpaying 
qualification  was  eliminated ;  in  1867  all  adult 
male  citizens  white  or  black  were  granted  the 
franchise  if  not  disqualified  by  the  Fourteenth 
Amendment ;  but  in  1874  all  suffrage  rights 
were  abrogated.  Prior  to  becoming  a  territory 
of  the  United  States.  Hawaii  required  that 
electors  of  members  of  the  senate  be  possessed 
of  a  substantial  amount  of  property,  but  under 
the  organic  act  of  1900  all  persons  may  vote 
who  are  duly  registered  citizens  of  the  United 
States,  21  years  of  age,  resident  in  the  islands 
one  year  or  morej  and  who  can  speak,  read  and 
write  either  the  English  or  Hawaiian  language; 
hence  Chinese  and  Japanese  are  excluded.  In 
Porto  Rico  all  male  citizens.  21  years  of  age 
or  over,  who  had  resided  in  the  island  one  year 
might  vote  if  they  passed  a  property  or  an  edu- 
cational test  similar  to  that  of  South  Carolina, 
but  in  1904  a  law  was  passed  renewing  the 
property  qualification  and  requiring  that  after 
1906  all  registrants  should  be  able  to  read  and 
write,  but  permitting  those  who  already  were 
voters  to  continue  their  exercise  of  the  voting 
privilege.  In  1907,  in  his  proclamation  for  an 
election  of  delegates  to  the  Philippine  assem- 
bly, President  Roosevelt  denied  the  right  of 
representation  to  the  Moros  and  other  non- 
Christian  tribes,  and  required  that  each  voter 
be  capable  of  reading,  writing  or  speaking  Eng- 
lish or  Spanish,  that  he  be  an  owner  of  prop- 
erty or  a  taxpayer,  and  that  he  take  an  oath  of 
allegiance.  In  Alaska  both  men  and  women 
enjoy  full  suffrage  rights. 

•J  •    '  i. 
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TERMS  OF  AND  QUALIFICATIONS  FOR  OFFICE. 

Federal. —  Presidents  arc  elected  for  four 
years,  senators  for  six  years  and  rcprescnta- 
tives_  for  two  years.  Article  VI,  3  of  the 
Constitution  requires  that  senators  and  repre- 
sentatives, members  of  State  legislatures  and 
all  executive  and  judicial  officers,  State  and 
National,  "shall  be  bound  by  oath  or  affirma- 
tion" to  support  the  Constitution,  but  "no  reli- 
gious test  shall  ever  be  required  as  a  qualifica- 
tion to  any  office  or  public  trust  under  the 
United  States."  No  senator,  representative 
or  Federal  office  holder  may  be  a  Presidential 
elector  (Art  II,  §  1,  fl  2).  The  Constitution 
states  that  "no  person  except  a  natural  born 
citizen,  or  a  citizen  of  the  United  States  at  the 
time  of  the  adoption  of  this  Constitution,  shall 
be  eligible  to  the  office  of  President;  neither 
shall  any  person  be  eligible  to  that  office  who 
shall  not  have  attained  to  the  age  of  thirty-five 
years  and  been  fourteen  years  a  resident  within 
the  United  States."  (Art.  II,  I  1, 1  5).  Hence, 
foreign-born  citizens  arc  excluded  from  this  of- 
fice but  children  born  of  parents  residing  abroad 
temporarily  are  not  considered  foreign-born. 
No  restriction  is  placed  by  the  Constitution 
upon  the  number  of  terms  a  President  may 
serve  but  Washington's  precedent  of  two 
terms  has  always  been  followed.  A  senator 
must  be  at  least  30  years  old,  nine  years  a  citi- 
zen of  the  United  States  and  at  the  time  of 
election  an  inhabitant  of  the  State  represented. 
A  member  of  the  House  must  be  at  least  25 
years  of  age,  seven  years  a  citizen  of  the 
United  States  and  at  the  time  of  election  an 
inhabitant  of  the  State  represented  (Art.  I,  §  2, 
2,  §  3,  3).  This  does  not  prevent  their  estab- 
lishing homes  in  Washington  while  maintain- 
ing their  legal  residences  in  the  States  repre- 
sented. Article  I,  §  6,  ff  2,  says :  "No  Senator 
or  Representative  shall,  during  the  time  for 
which  he  was  elected,  be  appointed  to  any  civic 
office  under  the  authority  of  the  United  States 
which  shall  have  been  created  or  the  emolu- 
ments whereof  shall  have  been  increased  during 
such  time;  and  no  person  holding  any  office 
under  the  United  States  shall  be  a  member  of 
either  House  during  his  continuance  in  office* 
Accordingly,  if  a  senator  or  representative 
accept  any  Federal  office,  his  seat  in  Congress 
thereby  becomes  vacant,  but  if  an  office-holder 
be  elected  to  either  branch  of  Congress  he  may 
retain  his  position  until  his  active  duties  in  the 
legislature  begin,  whereupon  the  other  office 
becomes  vacant.  Regarding  the  judiciary  the 
Constitution  makes  no  stipulations,  the  justices 
being  appointed  by  the  President  with  the  ad- 
vice and  consent  of  the  Senate.  The  same  pro- 
vision holds  true  of  Cabinet  officials,  save  that 
no  one  interested  in  the  import  trade  may  be- 
come Secretary  of  the  Treasury;  though  all 
members  of  the  Cabinet  arc  expected  to  sever 
all  business  or  outside  connections.  (See  Cabi- 
net and  Cabinet  Government;  Executive). 
All  other  Federal  offices  are  filled  by  appoint- 
ment, which  is  subject  only  to  the  restrictions 
and  limitations  of  custom  or  Congressional  en- 
actments. Appointive  offices  may  be  held  by 
women,  minors  or  aliens.  See  Appointments 
to  Office;  Tenure  of  Office. 

State.— -The  States  quite  effectively  control 
their  office-holders.  The  only  stipulation  in 
the  Constitution  as  first  adopted  regarding  State 


office-holders  was  that  they  should  'be  bound 
by  oath  or  affirmation"  to  support  the  Consti- 
tution (Art.  VI,  II  3).  The  Fourteenth  and 
Fifteenth  Amendments  provided  that  "No  Stale 
shall  make  or  enforce  any  law  which  shall 
abridge  the  privileges  or  immunities  of  citi- 
zens of  the  United  States"  and  that  "the  right 
of  citizens  of  the  United  States  to  vote  shaH 
not  be  denied  or  abridged  by  the  United  States 
or  by  any  State  on  account  of  race,  color  or 
previous  condition  of  servitude*  Hence  any 
law  enacted  by  a  State  which  expressly  de- 
prives a  negro  citizen  of  the  right  to  vote  or  to 
hold  office  would  be  unconstitutional,  but  the 
courts  have  upheld  laws  which  indirectly  dis- 
qualify certain  classes  of  negroes  and  therefore 
they  cannot  hold  office.  In  the  carry  State  con- 
stitutions arc  to  be  found  numerous  religious 
tests  for  office-holders.  The  man  possessing 
moderate  means  might  vote,  but  legislation  was 
restricted  to  well-to-do  Christians,  and  in  some 
States  none  but  a  rich  Christian  could  aspire 
to  the  governorship.  In  New  Hampshire,  New 
Jersey  and  South  Carolina,  no  Hebrew,  atheist 
or  Roman  Catholic  could  become  governor  and 
none  but  a  Christian  in  Massachusetts,  Dela- 
ware, Pennsylvania,  Maryland  and  South  Caro- 
lina. Maryland  did  not  open  public  offices  to 
Jews  until  1826.  In  some  New  England  States 
church  members  alone  could  vote,  while  the 
South  Carolina  constitution  of  1778  extended 
the  privilege  to  "every  free  white  man,  and  no 
other  person,  who  acknowledges  the  being  of 
a  God,  and  believes  in  a  future  state  of  re- 
wards and  punishments.*  The  early  constitu- 
tions also  required  in  many  cases  that  office- 
holders be  "Christians,*  or  "of  the  Protestant 
religion,*  or  should  believe  "in  the  Trinity  and 
Inspiration  of  the  Scriptures*  (Delaware 
1776).  or  should  declare  themselves  "to  be  of 
the  Christian  religion"  (Massachusetts  1780). 
In  New  York,  Delaware,  Maryland  and  Geor- 
gia no  priest  nor  minister  of  any  creed  could 
hold  a  civil  office,  though  in  Georgia  the  pro- 
hibition is  limited  to  the  assembly.  (Wiley, 
Edwin,  and  Rines,  Irving  E.,  'The  United 
States, >  Vol.  V,  pp.  98-99).  Indeed,  as  Mc- 
Master  says : 

"The  government  let  up  by  many  a  constitution,  despite 
the  principle  announced  in  its  preamble,  was  that  of  a  class. 
Nowhere,  save  in  Vermont,  did  manhood  suffrage  exist. 
Elsewhere  no  man  voted  who  did  not  pay  a  property  tax, 
or  rent  a  house,  or  own  a  specified  number  of  acres  of  land, 
or  have  a  specified  yearly  income.  Bach  one  of  the  State 
constitutions  guaranteed  liberty  of  conscience;  but  the  man 
who  did  not  exercise  that  liberty  of  conscience  in  such  wise 
as  to  become  a  Protestant  or  a  Catholic,  a  trinitarian  or  a 
believer  in  the  divine  inspiration  of  the  Old  and  New  Testa- 
ments must  give  up  all  hope  of  political  preferment.  Even 
to  such  as  could  subscribe  to  creeds  and  doctrines,  the  way 
to  public  office  was  barred  by  property  qualifications,  which 
increased  with  the  dignity  of  the  office  until  it  became  abso- 
lutely impossible  for  a  poor  man  to  become  a  candidate  for 
the  State  senate  or  the  governorship."  (McMaster.  J.  D.. 
*  HUtoryof  the  People  of  the  United  States."  Vol.  V.p.  377). 

Most  of  these  requirements  have  been  elim- 
inated, though  eight  States  still  retain  rem- 
nants, among  them  being  South  Carolina,  whose 
constitution  of  1895  (Art.  IV,  §  3)  provides 
that  no  one  may  be  governor  "who  denies  the 
existence  of  the  Supreme  Being.*  Property 
qualifications  also  have  been  eliminated  gradu- 
ally from  the  State  constitutions.  In  our  early 
history  religious  qualifications  were  not  deemed 
sufficient ;  heavy  property  qualifications  were 
added,  especially  for  executive  officers,  for  the 
governor  must  not  only  be  pious  but  rich;  the 
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importance  of  the  office  determined  the  amount 
of  property.  According  to  the  South  Carolina 
constitution  of  1775  governors  and  lieutenant- 
governors  "shall  have  in  this  State  a  settled 
plantation  or  freehold  in  their  and  each  of 
their  own  right  of  the  value  of  at  least  ten 
thousand  pounds  currency,  clear  of  debt,"  while 
the  estate  of  a  senator  must  be  valued  at 
£2.000  currency  and  of  a  representative  £3,500. 
The  Massachusetts  constitution  of  1780  provided 
that  senators  must  possess  a  freehold  of  the 
value  of  £300  or  personal  estate  of  at  least 


must  be  possessed  and  continue  to  be  possessed 
in  fee  simple  or  for  life  of  a  freehold  of  100 
acres  of  land;  in  Georgia  he  must  own  250  acres 
of  land  or  property  worth  £250.  Usually  the 
qualifications  for  membership  in  the  upper 
house  were  the  same  as  those  for  the  lower 
house,  save  that  values  were  twice  as  great. 
Some  of  the  recenf  constitutions  of  the  South- 
ern States  contain  provisions  regarding  prop- 
erty or  payment  of  taxes  incorporated  with 
the  object  of  excluding  negroes  from  voting 
and  holding  office. 
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25 
21 
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21 
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1 
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1 
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l 
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2 
1 
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»j 
2 
2 
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*  Not  stated  in  constitution. 

5 Merely  a  duly  qualified  elector. 
No  specified  time  required. 


Sec  preceding  table. 


£600;  representatives  must  have  a  freehold  of 
£100  or  "any  ratable  estate*  to  the  value  of  £200; 
and  a  governor  "must  be  seised,  in  his  own 
right,  of  a  freehold,  within  the  commonwealth, 
of  the  value  of  £1,000."  In  New  Hampshire 
eligibility  to  the  lower  branch  of  the  legisla- 
ture consisted  of  being  a  Protestant  and  pos- 
sessing an  estate  worth  £100;  a  freehold  of 
£100  above  all  debts  in  New  York;  a  "personal 
estate*  in  New  Jersey;  a  freehold  of  £500  in 
Maryland;  in  North  Carolina  an  assemblyman 


Some  of  the  early  constitutions  required  that 
a  governor  should  be  native  born,  but  Connecti- 
cut (1818)  merely  required  citizenship,  Massa- 
chusetts (1817)  a  citizenship  of  20  years  and 
Illinois  (1818)  a  citizenship  of  30  years.  At 
the  present  time  citizenship  is  almost  univer- 
sally required  of  a  State  office-holder  but  the 
term  of  residence  varies  widely — from  the 
bare  fact  of  residence  to  residence  for  10  years 
next  preceding  the  election.  The  same  vari- 
ance is  seen  in  the  age  requirements,  ranging 
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from  21  to  35  for  governors,  21  to  30  for  sena- 
tors and  21  to  25  for  representatives  while  in 
some  States  the  only  requirement  for  the  last 
two  offices  is  to  be  a  duly  qualified  elector  and 
some  constitutions  contain  no  limitations  what- 
ever. The  preceding  table  gives  the  terms  of 
office  of  governors  and  State  senators  and  rep- 
resentatives, together  with  their  age  require- 
ments and  the  necessary  period  of  residence  in 
State  or  district. 

Few  of  the  State  constitutions  place  any 
limitations  on  the  judiciary,  though  some  con- 
tain exceptional  provisions.  Oregon  requires 
that  her  judges  be  citizens,  residents  of  the 
State  for  three  years  and  residents  of  the  dis- 
tricts wherein  thcy  discharge  their  official  du- 
ties. California  stipulates  that  members  of  the 
Supreme  Court  shall  be  attorneys  licensed  to 
practice  before  the  court,  while  in  Colorado 
and  New  Mexico  the  attorney-general  must  be 
a  lawyer  licensed  to  practise  before  the  Su- 
preme Court.  In  all  States,  save  those  having 
woman  suffrage,  the  constitutions  restrict  vot- 
ing to  "male  citizens"  but  many  constitutions 
are  silent  regarding  office-holding  and  therefore 
women  have  gradually  established  their  right 
to  hold  elective  offices.  But  this  privilege  has 
been  denied  them  in  States  the  constitutions  of 
which  expressly  provide  that  elective  office- 
holders must  possess  the  qualifications  of  elec- 
tors. Most  of  the  minor  State  offices  are  not 
subjected  to  constitutional  provisions  but  are 
regulated  by  legislative  enactment,  many  of 
them  coming  under  the  civil  service  laws. 
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Prevent  Negroes  from  Voting*  (in  Everybody's 
Magasine,  Vol.  XXXIII,  pp.  251-252,  New  York 
1915).  The  provisions  of  the  various  State 
constitutions  adopted  up  to  1907  will  be  found 
in  Thorpe,  F.  N.,  'Federal  and  State  Con- 
stitutions, Colonial  Charters  and  Other  Organic 
Laws  of  the  States,  Territories  and  Colonies  >  (7 
vols.,  Washington,  D.  C,  1909;  issued  as  'House 
Document'  357,  59th  Congress,  2d  Session). 
Books  relating  to  woman  suffrage  will  be 
found  under  that  title.  Various  phases  of  the 
qualifications,  rights,  powers,  duties,  liabilities, 
etc.,  of  public  officials  will  be  found  in  the 
articles  "Officers."  "States.8  "Terra.8  •Terri- 
tories,* "United  States*  and  the  cross-refer- 
ences appended  thereto  in  'Cyclopedia  of  Lav 
and  Procedure.1  Vols.  XXIX.  pp.  1356-1471; 
XXXVI.  pp.  844-869;  XXXVIII.  pp.  184-187, 
198-208;  XXXIX,  pp.  693-728  Distinctions 
between  citizenship  and  suffrage  and  court  de- 
cisions regarding  these  points  will  be  found  in 
the  article  "Citizens*  in  'Corpus  Juris,'  Vol. 
XI.  p.  774  et  seq.  (New  York  1917)  and  for 
certain  phases  of  alien  citizenship  the  article 
"Aliens"  in  ibid,  Vol.  II,  pp.  1039-1132. 

Irving  E.  Rines. 
ELECTORAL  REFORM.  See  Elections. 

ELECTORAL  SYSTEM  of  the  United 
States.  All  elections,  whether  for  city,  State  or 
Federal  offices,  arc  in  all  States  conducted  by 
ballot.  To  save  the  expense  of  distinct  pollings, 
it  has  been  long  usual  to  take  the  pollings  for 
a  variety  of  offices  at  the  same  time.  The 
details  of  the  procedure  previous  to,  during  and 
after  election  are  thoroughly  covered  by  posi- 
tive enactments.  These  deal  specifically  with 
registration,  the  election  process,  counting  of 
the  votes  and  the  various  safeguards  instituted 
for  the  purity  of  elections. 

Registration.— Official  lists  of  voters  are 
prepared  in  advance  by  registering  those  eligi- 
ble to  vote.  Personal  registration,  usual  in  the 
larger  centres  of  population,  requires  the  per- 
sonal appearance  of  the  prospective  voter  at 
the  registration  office.  Registration  by  official 
declaration  is  common  in  the  less  densely  popu- 
lated regions ;  the  local  authorities  make  up  the 
list,  but  a  revision  may  be  demanded  by  any 
interested  party.  A  personal  identification  law 
is  in  force  in  some  large  cities  in  order  to  pre- 
vent false  registration.  Counties  and  cities  arc 
divided  into  small  parts,  each  with  a  few  hun- 
dred votes.  The  election  is  controlled  by  official 
boards  made  up  of  the  two  parties  standing 
highest  at  the  previous  election.  The  ballot 
is  printed  at  the  public  expense  and  except  in 
Georgia  and  South  Carolina  the  secret  ballot 
has  been  adopted.  In  general  the  ballot  con- 
tains the  names  of  all  candidates  which  are  placed 
in  party  columns,  although  the  Massachusetts 
ballot  includes  the  names  of  all  candidates  under 
the  title  of  the  several  offices.  The  voter  on 
entering  the  polling  office  states  his  name  and 
address,  which  are  entered  in  the  pollbook  hv  a 
clerk.  He  is  next  handed  a  ballot  which'  is 
often  numbered  to  correspond  with  the  miml>er 
on  the  pollbook,  the  voter  enters  the  enclosed 
space  provided  in  the  polling  place,  prepares  his 
ballot,  folds  it  as  required  by  law  so  that  the 
markings  are  concealed.  He  next  hands  it  to 
the  election  officer  who  deposits  it  in  the  ballot 
box.  The  right  of  an  elector  to  vote  mav  be 
challenged  for  cause,  in  which  case  he  is  out 
under  oath  to  answer  certain  questions  regard- 
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ing  his  qualifications  as  a  voter.  When  the 
polls  are  closed  at  the  legal  hour  tally  sheets 
are  taken  up  by  the  election  officers.  The  ballot 
box  is  opened  and  the  ballots  are  withdrawn 
one  by  one.  The  chairman  announces  the  names 
of  the  candidates  voted  for  and  the  officers 
duly  mark  their  tally  sheets.  At  the  close  of 
the  count,  the  results  are  officially  announced 
Tally  sheets  and  pollbooks  are  next  sealed  and 
delivered  to  the  custodian  designated  by  law  to 
guard  them.  The  ballots  are  also  sealed  and 
sent  to  some  central  authority  where  they  are 
kept  for  a  certain  time  in  case  they  may  be 
needed  if  an  election  he  contested  in  the  courts. 

Bribing  or  bestowing  gratuities  to  influence 
voters  at  elections,  the  acceptance  of  such 
gratuities,  voting  by  a  person  not  properly 
qualified,  threats,  violence  or  intimidation  of 
voters,  voting  more  than  once,  "colonizing," 
inducing  voters  to  remain  away  and  any  other 
attempt  to  influence  the  proper  course  of  an 
election  are  severely  punished  by  statute  in  all 
the  States.  Considerable  legislation  has  been 
enacted  in  recent  years  in  an  effort  to  control 
the  use  of  money  at  elections,  many  States  re- 
quiring a  sworn  statement  of  all  campaign  ex- 
penses from  each  and  every  candidate.  See 
Ballot;  Elections;  Electoral  Qualifica- 
tions; Corrupt  Practices  Acts;  Electoral 
Frauds;  Vote,  Voters,  Voting;  Woman  Suf- 
frage; Alien;  Citizenship;  Caucus;  Conven- 
tions, Political;  Initiative;  Referendum; 
Recall;  Primary;  Voting  Machines;  and 
consult  Beard,  C.  A.,  'American  Government 
and  Polities'  (New  York  1914) ;  Bryce,  'Ameri- 
can Commonwealth'  (ib.  1914);  McLaughlin 
and  Hart,  'Cyclopedia  of  American  Govern- 
ment' (ib.  1914). 

ELECTORAL  VOTES,  the  votes  cast  by 
the  presidential  electors  or  electoral  college  for 
President  and  Vice-President.  Prior  to  1804 
each  elector  voted  for  two  candidates  for  Presi- 
dent. The  one  who  received  the  largest  num- 
ber of  votes  was  declared  President ;  and  the 
one  receiving  the  second  largest  vote  was 
elected  Vice-President.  The  votes  for  the  first 
President  were:  George  Washington  69;  John 
Adams  (Mass.)  34,  John  Jav  (N.  Y.)  9,  R.  H. 
Harrison  (Md.)  6.  Jno.  Rutlcdge  (S.  C.)  6, 
John  Hancock  (Mass.)  4,  Geo.  Ginton  (N.  Y.) 
3,  and  scattering  7.  In  1912  the  electoral  votes 
cast  by  the  electoral  college  were  as  follows : 
For  President,  Woodrow  Wilson  435,  Theodore 
Roosevelt  88,  William  H.  Taft  8;  for  Vice- 
President,  Thomas  R.  Marshall  435,  Hiram 
Johnson  88,  Nicholas  M.  Butler  8.  Consult 
McCIure,  'Our  Presidents'  (New  York  1905)  ; 
Stan  wood.  'History  of  the  Presidency  from 
1788  to  1897'  (Boston  1898);  'History  of  the 
Presidency  from  1897  to  1912'  (ib.  1912).  See 
Electors;  Electoral  Commission. 

ELECTORS,  German  Imperial  (Ger.  Kur- 
fiirst),  certain  princes  of  the  old  Holy  Roman 
Empire  who  had  the  right  of  electing  the  em- 
perors. The  number  of  the  electors  was  early 
fixed  at  seven  by  the  Golden  Bull  of  1356,  in- 
cluding the  archbishops  of  Mainz,  Cologne  and 
Treves,  the  king  of  Bohemia,  the  Count  Pala- 
tine of  the  Rhine,  the  Duke  of  Saxony,  and 
the  Margrave  of  Brandenburg.  An  election  as 
king  of  the  Romans  was  held  by  the  German 
princes  to  include  the  imperial  title  of  Holy 
Roman  emperor,  but  this  was  contested  by  the 
popes,  who  claimed  the  exclusive  privilege  of 
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granting  the  title.  In  1648,  by  the  Treaty  of 
Westphalia  an  electorate  was  given  to  Bavaria; 
and  in  1710  to  Hanover.  In  1802  the  Bavarian 
electorship  had  expired,  the  archbishops  of  Co- 
logne and  Treves  were  excluded,  and  the  num- 
ber of  electors  was  increased  to  10  by  conferring 
the  rank  on  the  rulers  of  Baden,  VViirtemberg, 
Hcsse-Casscl  and  Salzburg.  In  1806  the  em- 
peror gave  up  the  imperial  title,  and  the  elec- 
tors gradually  adopted  other  titles.  Consult 
Bryce,  'The  Holy  Roman  Empire'  (London 
1892). 

ELECTORS,  United  States  Presidential 

(as  a  body,  termed  the  Electoral  College,  a 
term  informally  used  since  about  1821,  prob- 
ably suggested  by  the  College  of  Cardinals: 
"college  of  electors*  appears  in  the  Act  of 
1845),  the  intermediate  body  for  whom,  and 
not  directly  for  President  and  Vice-President, 
votes  arc  cast  every  four  years.  As  originally 
ordained  they  were  meant  to  constitute  a  coun- 
cil of  the  ablest  men  in  the  country,  exercising 
an  independent  choice  of  a  chief  executive.  The 
theory  has  never  been  fact  for  a  moment,  and 
since  the  third  election  not  even  a  pretense; 
the  institution  is  retained  for  very  different 
reasons,  and  perhaps  stronger  ones.  As  a  fact, 
the  electors  arc  only  registers  of  the  already 
pronounced  party  choice  in  candidates,  and  ac- 
cept the  office  under  a  tacit  pledge  to  act  only 
as  such.  The  electoral  colleges  are  State 
bodies,  and  their  integrity  as  such  is  scrupu- 
lously guarded.  They  consist  of  as  many  mem- 
bers as  the  State's  representation  in  both 
houses  of  Congress;  therefore  a  State  cannot 
have  less  than  three,  and  New  York  has  45. 
The  method  of  appointment  is  left  absolutely 
to  the  State  legislatures.  Till  about  1820-24 
they  were  appointed  direct  by  the  legislature 
in  most  States;  in  1824  popular  election  had 
superseded  this  method  in  all  but  six,  and  by 
1828  in  all  but  one  —  South  Carolina,  which 
retained  it  till  1868.  The  district  system,  which 
divides  the  State's  electoral  vote,  has  some- 
times been  tried  as  a  party  compromise;  but 
at  present  all  parties  prefer  having  all  the 
State's  electors  on  a  general  ticket.  Each  State 
appoints  the  place  of  meeting  of  its  own  elec- 
toral college.  Congress  has  fixed  the  time  — 
the  second  Monday  in  January  —  to  prevent  a 
failure  of  any  meeting  through  the  refusal  of 
a  minority  house  of  a  legislature  to  join  with 
the  majority  house  in  setting  a  date.  The 
State,  by  act  of  3  Feb.  1887,  is  made  absolute 
judge  of  all  disputes  over  appointment  or  re- 
turns; its  certificate  is  decisive  between  two 
sets  of  returns,  and  Congress  can  only  inter- 
vene if  the  State  itself  is  unable  to  decide. 
But  what  is  the  State?  This  was  precisely 
one  of  the  questions  before  the  Electoral  Com- 
mission (q.v),  and  even  the  new  act  would 
seem  to  leave  room  for  party  decision  as 
there ;  and  no  Electoral  Commission  would  ever 
be  possible  again.  In  case  of  vacancy  in  the 
electoral  body,  by  death,  resignation,  refusal  to 
serve  or  any  other  cause,  the  State  may  pass 
laws  to  fill  it;  if  it  has  no  such  law,  that  vote 
is  lost,  as  happened  in  Nevada  in  1864. 

At  the  meeting  of  the  State  electoral  col- 
lege no  organization  is  required ;  but  it  is  cus- 
tomary to  organize  and  elect  a  chairman. 
Separate  ballots  (which  remain  the  property 
of  the  State)  are  cast  for  President  and  Vice- 
President.    In  the  first  three  elections,  each 


simply  voted  (as  required  by  the  Constitution) 
for  two  persons,  one  a  resident  of  a  differ- 
ent State,  without  designating  the  office;  the 
one  with  the  highest  vote  became  President, 
the  next  highest  Vice-President.  Obviously, 
as  soon  as  parties  gained  firm  organization, 
mere  party  loyalty  would  invariably  produce 
a  tie;  and  in  1800  Jefferson  and  Burr  were 
so  tied  (see  Jefferson-Burs  Imbroglio),  the 
resulting  scandal  and  danger  leading  to  the 
12th  Amendment,  which  obliges  the  electors  to 
designate  the  office  voted  for. 

The  constitutional  provision  as  amended 
in  1804  and  in  force  now  is  as  follows : 

The  electors  shall  meet  in  their  respective 
States  and  vote  by  ballot  for  President  and 
Vice  President,  one  of  whom  at  least  shall 
not  be  an  inhabitant  of  the  same  State  with 
themselves;  they  shall  name  in  their  ballots 
the  person  voted  for  as  President,  and  in  dis- 
tinct ballots  the  person  voted  for  as  Vice 
President ;  and  they  shall  make  distinct  lists  of 
all  persons  voted  for  as  President,  and  of  all 
persons  voted  for  as  Vice  President,  and  of 
the  number  of  votes  for  each,  which  list  they 
shall  sign  and  certify,  and  transmit,  sealed,  to 
the  seat  of  the  Government  of  the  United 
States,  directed  to  the  President  of  the  Senate; 
the  President  of  the  Senate  shall,  in  the  pres- 
ence of  the  Senate  and  House  of  Representa- 
tives, open  all  the  certificates,  and  the  votes 
shall  then  be  counted;  the  person  having  the 
greatest  number  of  votes  for  President  shall  be 
President,  if  such  number  be  a  majority  of  the 
whole  number  of  electors  appointed ;  and  if 
no  person  have  such  majority,  then  from  the 
persons  having  the  highest  numbers,  not  exceed- 
ing three,  on  the  list  of  those  voted  for  as 
President,  the  House  of  Representatives  shall 
choose  immediately,  by  ballot,  the  President. 

"But  in  choosing  the  President,  the  votes 
shall  be  taken  by  States,  the  representation  from 
each  State  having  one  vote ;  a  quorum  for  this 
purpose  shall  consist  of  a  member  or  members 
from  two-thirds  of  the  States,  and  a  majority 
of  all  the  States  shall  be  necessary  to  a  choice. 
And  if  the  House  of  Representatives  shall  not 
choose  a  President,  whenever  the  right  of 
choice  shall  devolve  upon  them,  before  the  4th 
day  of  March  next  following,  then  the  Vice 
President  shall  act  as  President,  as  in  the  case 
of  the  death  or  constitutional  disability  of  the 
President.  The  person  having  the  greatest 
number  of  votes  as  Vice  President  shall  be  the 
Vice  President,  if  such  number  be  a  majority 
of  the  whole  number  of  electors  appointed, 
and  if  no  person  have  a  majority,  then  from 
the  two  highest  numbers  on  the  list  the  Senate 
shall  choose  the  Vice  President;  a  quorum  for 
the  purpose  shall  consist  of  two-thirds  of  the 
whole  number  of  Senators,  and  a  majority  of 
the  whole  number  shall  be  necessary  to  a 
choice.  But  no  person  constitutionally  ineligible 
to  the  office  of  President  shall  be  eligible  to 
that  of  Vice  President  of  the  United  States." 

After  voting,  they  make  three  lists  of  the 
persons,  offices  and  number  of  votes,  and  the 
names  of  the  State  electors  certified  by  the 
"executive  authority"  of  the  State;  seal  them, 
and  certify  each;  transmit  two  to  the  president 
of  the  Senate,  one  by  messenger  and  one  by 
mail,  and  deposit  the  third  with  the  Federal 
judge  of  the  district.  They  have  then  no 
further  functions. 
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On  the  second  Wednesday  in  February,  in 
the  Representatives  Hall  and  in  presence  of 
both  Houses  of  Congress  assembled,  the  presi- 
dent of  the  Senate  opens  and  counts  the  State 
returns,  and  announces  the  result.  In  case  of  a 
tie  the  House  decides  by  a  majority  of  States, 
each  having  one  vote;  on  a  tie  for  Vice- 
President,  the  Senate  decides  in  the  same  way. 
If  no  one  candidate  has  a  majority,  the  Houses 
decide  in  the  same  manner,  choosing  from  the 
three  highest  candidates  on  the  list.  Thus,  in 
1824,  John  Quincy  Adams  was  elected  President 
by  the  House ;  in  1837  Richard  M.  Johnson  was 
elected  Vice-President  by  the  Senate.  But  sup- 
pose the  third  and  fourth  are  ties.  This  quite 
probable  contingency  has  not  been  provided  for, 
and  may  cause  trouble.  There  was  formerly  a 
custom,  when  a  State  sent  in  conflicting  elec- 
toral returns,  of  announcing  the  final  result  "in 
the  alternative" —  so  many  votes  with,  so  many 
without,  the  disputed  returns;  but  the  Act  of 
1887  ends  this,  and  it  was  always  unwork- 
able where  the  disputed  votes  were  vital  to  the 
election.  By  the  22d  Joint  Rule  of  Congress 
up  to  1876,  in  case  of  dispute  the  returns  from 
that  State  were  thrown  out,  but  in  anticipation 
of  the  struggle  over  the  returning  boards,  the 
Republican  Senate  on  20  Jan.  1876  repealed  the 
rule. 

In  order  to  obtain  the  electoral  votes  of  a 
State,  a  party  must  carry  the  State.  In  other 
words,  the  electoral  vote  of  a  State  is  deter- 
mined by  the  highest  popular  vote  cast  in  that 
State.  The  popular  vote  for  electors  is 
counted,  but  there  is  no  electoral  vote  to  count 
unless  a  State  is  carried.  Consequently,  the 
smaller  parties  which  have  not  had  a  large 
enough  popular  vote  to  carry  a  State  have  not 
had  the  State  votes  in  the  electoral  college, 
and  must  therefore  be  counted  by  popular  vote 
only,  having  no  representation  in  the  electoral 
college  at  all. 

The  electoral  system,  despite  its  wide  di- 
vergence from  the  intent  of  its  originators,  and 
its  undeniably  undemocratic  character,  is  never 
seriously  menaced,  because  of  its  practical 
utility  in  settling  the  presidential  question 
at  once  on  the  counting  of  State  votes.  With 
direct  popular  vote,  where  parties  arc  closely 
balanced,  the  result  could  not  be  known  per- 
haps for  months. 

In  accordance  with  the  Reapportionment 
Act  of  1911  the  number  of  electors  in  the  sev- 
eral State  colleges  is  as  follows : 


Alabama   12 

Ariiona   3 

Arkansas   9 

California   13 


Nebraska. 
Nevada . 

New  Hampshire 


Colorado. 
Connecticut. 
Delaware .  . 

Florid*  

Georgia  

Idaho  


o 

7 
? 
ft 
14 
4 
20 
!S 
13 
10 


New  Jersey   14 

New  Mexico. 


New  York   45 


North  Carolina. 
North  Dakota 
Ohio. 


.  12 
5 

.  24 

Oklahoma   10 


Iowa. 
Kanuu 

Kentucky           .    13 

Louisiana   10 

Maine   6 

Maryland   8 

Massachusetts   18 

Michiifan   IS 

Minnesota   12 

Mississippi    10 

Miwuri   18 

  4 


Oregon  

Pennsylvania 
Rh'*ic  istl.m.1 


I 

38 


South  Carolina   9 


South  Dakota 
Tenn 


5 
12 

Texas   20 

Utah 
Vermont 


4 

4 

Virvn-in    12 

Washington   7 

w-S^r.*:: ::::::  ,', 


The  whole  number  of  electors  in  the  United 
States,  until  another  reapportionment  is  made, 
will  remain  at  531,  and  the  majority  necessary 
to  secure  an  election  to  the  presidency  will  be 
266.  See  Apportionment. 

Consult  Dougherty,  J.  H.,  'Electoral  System 
of  the  United  States'  (1906). 

ELECTRA,  in  Greek  legend,  the  name  of 
several  personages.  (1)  One  of  the  Oceanides, 
wife  of  Atlas,  and  mother  ol  Dardunus  by  Zeus. 
(2)  A  daughter  of  Atlas  and  Pleionc,  who  be- 
came one  of  the  Pleiades.  (3)  A  daughter  of 
Agamemnon,  king  of  Argos  who  incited  her 
brother  Orestes  to  avenge  their  father's  death 
by  killing  their  mother,  Clytcmncstra.  Orestes 
gave  her  in  marriage  to  his  friend,  Pylades, 
and  she  became  the  mother  of  Strophius  and 
Mcdon.  She  is  the  subject  of  a  number  of 
dramas,  both  ancient  and  modern. 

ELECTRA.  Benito  Perez  Galdos'  drama 
'Elcctra,'  one  of  the  most  conspicuously  success- 
ful, as  well  as  one  of  the  shortest-lived  of 
modern  Spanish  plays,  was  performed  for  the 
first  time  in  the  face  of  violent  protest  at  the 
Teatro  Espanol,  Madrid,  in  1901.  Constructed 
with  the  author's  customary  skill,  it  is  written 
in  a  spirit  of  broad  tolerance,  the  didactic  touch 
never  being  entirely  absent  from  its  pages. 
Yet  as  a  thesis  drama  the  olay  is  unconvincing. 
In  particular,  the  solution  of  the  conflict  be- 
tween the  scientific  spirit  and  the  Church,  typi- 
fied in  their  struggle  for  the  soul  of  a  young 
woman,  is  precipitated  at  the  denouement  by 
means  of  an  apparition  which  effects  a  recon- 
ciliation between  the  demands  of  science  and 
religion  through  supernatural  aid.  Undoubtedly 
this  evasion  was  not  without  utilitarian  justifi- 
cation, and  made  the  performance  of  the  play 
possible.  Gald6s  had  been  associated  for  many 
years  with  a  program  of  social,  political  and 
literary  reform,  which  had  brought  to  his  aid 
a  host  of  admirers,  among  whom  the  great  body 
of  the  more  intelligent  of  the  youth  of  his  coun- 
try was  included.  In  'Elcctra,'  he  turned  to 
attack  directly  the  forces  of  conservatism  and 
reaction,  and  in  the  sharpness  of  the  issue  then 
joined  lies  the  chief  significance  of  the  play. 
With  its  production  the  influence  of  the  author 
reached  its  zenith,  and  his  victory-  assured  the 
succeeding  generation  that  freedom  of  expres- 
sion which  was  essential  to  the  development  of 
modern  Spanish  letters. 

An  English  translation  was  published  at 
Chicago,  1911.  Authoritative  criticism  of 
Galdos  mav  be  found  in  Alas,  L.,  'Ga^s* 
(Madrid  1912)  also  Martinez  Ruiz.  J.  (Azorin), 
'Lecturas  cspatiolas'  (Madrid  1812). 

John  Garrett  Underbill. 

ELECTRA.  Although  Hugo  von  Hof- 
mannsthal  possesses  no  original  genius,  he  is 
the  most  musical  of  poets  who  in  recent  times 
have  contributed  to  the  drama  in  German.  His 
power  of  verbal  expression,  rather  than  his 
dramaturgic  skill  or  his  understanding  of  char- 
acter, entitles  him  to  praise.  A  Viennese,  he 
is  an  asthetic  cosmopolite.  In  'Venice  Pre- 
served* he  has  reworked  the  English  tragedy 
of  Otway  and  in  'Klcctra'  and  'CEdipus  and 
the  Sphinx'  the  Greek  tragedies  of  Sophocles, 
embroidering  his  models  with  fresh  details  and 
intensifying  passion.  His  reversion  to  the 
Greek  was  inspired  by  the  presentation  at  the 
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Burg  Theatre  in  Vienna  of  vEschylus,  trans- 
lated into  Ocrman  by  Wilamowitz-Moilendorff, 
and  by  the  suggestion  of  the  critic  Paul  Schlen- 
ther  that  modern  playwrights  should  render 
classic  themes  in  a  free  fashion.  <  Elcctra '  ap- 
peared in  1903;  and  in  1908,  in  the  version  of 
Arthur  Symons,  it  was  played  in  English  with 
Mrs.  Patrick  Campbell  in  the  title  role.  It  has 
also  served  as  the  libretto  for  an  opera  by 
Richard  Strauss. 

The  piece  is  in  one  act  and  dispenses  with 
the  classic  chorus,  partly  because  this  would 
be  counter  to  our  stage  conventions,  and  partly 
because  it  would  detract  from  the  lyrical  fervor 
of  the  individual  characters.  The  Sophoclcan 
story  of  Elcctra's  yearning  for  the  return  of 
her  brother  Orestes  to  whom  she  may  confide 
the  task  of  avenging  her  mother's  murder  of 
her  father  is  repeated,  with  the  weakness  of 
her  sister  Chrysothcmis.  the  appearance  of 
Orestes  as  a  messenger  come  to  announce  his 
own  death,  and  his  slaying  of  his  mother, 
Clytemnestra,  and  her  paramour,  /Egisthus. 
Von  HofmannsthaJ,  however,  has  made  no 
effort  to  achieve  the  noble  ditrnity  of  the  Greek. 
Instead,  he  has  sensualized  Elcctra,  whose  lust 
for  vengeance  on  her  guilty  mother  becomes 
hysterical  and  insane.  Hatred,  she  says,  has 
been  her  bridegroom ;  curses  and  despair  have 
been  her  children.  When  Orestes  finally  "slays 
his  victims,  Elcctra  dances  in  very  ecstasy  of 
joy.  As  an  American  critic.  Mr.  W.  P.  Eaton, 
has  remarked:  "Pity  and  fear  arc  not  aroused 
by  von  Hofmannsthal's  play,  but  curiosity  and 
horror.  The  emotions  are  not  purged,  but 
scraped,  irritated,  made  to  shiver  and  creep." 
The  best  account  of  von  Hofmannsthal  is  Dr. 
August  Kollmann's  monograph  in  German 
(1907);  he  is  discussed  in  Rnglish  bv  Elizabeth 
Walter  in  <Poet  Lore'  (1915),  and  by  Ashley 
Dukes  in  'Modern  Dramatists*  (1912). 

Frank  W.  Chandler. 

ELECTRIC  ALTERNATING  CUR- 
RENT MACHINERY.  A  loop  of  wire  re- 
volving in  a  magnetic  field  is  the  simplest  form 
of  an  alternating  current  generator.  The  direc- 
tion of  induced  electromotive  force  in  the  two 
halves  of  the  loop,  which  cut  the  magnetic  flux 
in  opposite  directions,  is  such  that  the  combined 
electromotive  force  at  the  terminals  is  double 
that  of  either  revolving  conductor  alone.  This 
induced  electromotive  force  is  proportional  to 
the  rate  of  cutting  the  magnetic  lines,  and  there- 
fore to  the  sine  of  the  angle  by  which  the  plane 
of  the  coil  differs  from  the  plane  midway  be- 
tween the  poles  and  normal  to  the  magnetic 
flux.  At  its  zero  position,  or  when  the  planes 
coincide,  the  coil  is  cutting  no  lines  of  force 
and  we  have  sine  a  -■-  0.  The  electromotive  force, 
however,  grows  as  we  depart  from  this  zero 
position,  assuming  uniform  speed,  until,  when 
90  degrees  is  reached  the  rate  of  cutting  of  the 
lines  becomes  a  maximum,  sine  90  degrees  —  1. 
Passing  on,  the  electromotive  force  dies  away 
until  180  degrees  is  reached,  when  the  value 
again  is  zero.  From  this  to  270  degrees  we 
have  an  increasing  electromotive  force,  but  of 
opposite  polarity  and  at  the  end  of  the  revolu- 
tion, or  360  degrees,  again  reach  zero.  Thus 
we  have  in  one  revolution  in  a  two-pole  field 
two  waves  of  pressure  of  the  same  form 
but  of  opposite  siirn.  The  one  is  called  the  posi- 
tive wave  and  the  other  the  negative.    One  such 


revolution,  or  one  positive  wave  and  one  nega- 
tive wave,  constitute  what  is  called  a  cycle,  or 
period,  which  in  technical  literature  is  desig- 
nated by  the  symbol  «*-  one  sine  wave.  The 
great  majority  of  systems  have  a  frequency  be- 
tween 60  ^  and  25  Both  of  these  fre- 
quencies are  standard  practice  in  this  country, 
and  the  values  between  arc  chosen  for  special 
cases.  Owing  to  the  high  frequency  of  commer- 
cial systems,  alternators  are  built  with  more 
than  one  pair  of  poles,  in  order  to  keep  the  re- 
volving speed  within  reasonable  limits. 

Average  and  Effective  Values.—  If  we  plot 
the  values  of  the  instantaneous  pressures  as 
ordinates,  with  time  as  abscissa,  we  have  a  cor- 
rect representation  of  the  generation  of  alter- 
nating currents,  and  the  shape  of  the  wave. 
When  the  total  number  of  lines  cut  per  revolu- 
tion by  a  coil  revolving  at  constant  speed  re- 
mains the  same,  the  average  induced  electro- 
motive force  remains  constant,  regardless  of  the 
distribution  of  the  magnetic  flux.  The  effective 
value,  however— the  value  read  by  the  metre 
and  the  value  which  corresponds  in  its  heat- 
ing effect  to  the  direct  current  value  —  is  not 
independent  of  this  distribution. 

The  Place  of  Alternating  Current  Sys- 
tems.—The  direct  current  for  the  railway  at 
550  volts,  and  for  the  lighting  and  power  systems 
of  the  densely  populated  centres  of  our  large 
cities  in  the  Edison  three-wire  system  110  to  220 
volts,  seems  to  have  become  standard  practice. 
Nevertheless  the  low  radius  of  distribution  with- 
out excessive  cost  of  copper,  even  in  the  550- 
volt  railway  system  with  a  grounded  return, 
makes  necessary  a  great  multiplicity  of  moder- 
ate-sized or  small  plants,  operating  at  low  effi- 
ciency. It  is  here  that  the  alternating  current 
comes  to  the  front.  While  commutators  (q.v.) 
can  be  built  for  collecting  direct  current  for  1,000 
volts,  alternators  can  be  built  for  12.000  volts 
and  step-up  transformers  of  h  gh  economy  arc 
quite  possible  at  75,000  to  100.000  volts.  Re- 
membering that  the  copper  cost  is  inversely  as 
the  square  of  the  voltage,  the  great  possibilities 
of  the  alternating  current  system  are  at  once 
seen. 

Energy  from  Waterfalls.— Electrical  energy 
from  waterfalls  that  a  few  years  ago  were 
merely  points  of  scenic  interest  is  now  supplied 
to  hundreds  of  cities  in  North  America.  There 
are  numerous  power  plants  of  from  50,000  to 
200.000  horse-power  capacity,  sending  currents 
with  voltage  from  25,000  to  150,000  to  distances 
up  to  250  miles.  See  Hydro-  Electric  Develop- 
ment and  Electric  Transmission  of  Energy. 

The  Alternator.—  Small  alternators  and 
those  of  moderate  potential  usually  collect  their 
current  from  insulated  rings  mounted  on  the 
shaO  and  connected  to  the  ends  of  the  armature 
winding.  Through  brushes,  the  current  is  taken 
to  the  external  circuit.  In  some  machines  a  rec- 
tifier is  added  for  supplying  sufficient  undimcn- 
sional  current  to  produce  the  necessary  addi- 
tional field  to  overcome  the  drop  due  to  increase 
of  load.  All  commercial  alternators  are  sup- 
plied with  an  exciter,  or  direct  current  dvnamo, 
whose  function  is  to  supplv  current  to  the  field 
windings.  The  field  spools  are  usually  con- 
nected in  series.  The  amount  of  current  thus 
necessary  on  a  full  non-inductive  load  varies 
from  \  to  3  per  cent  of  the  total  output  of  the 
alternator.    Owing  to  the  difficulty  of  collecting 
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Fig.  I    Diagram  of  fimple  alternating  current  generator. 
N  S  poles  of  magnet    ABCDEFGH  loop  of  wire 
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Fig.  3    Diagram  of  simple  three-phase  alternator 


Fig.  5    Diagram  showing  winding  of  a  two-pole,  three- 
phase  routing  motor  field 
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Fig.  7    Diagram  showing  "signs  '*  of  rotor  bars  under  the 
influence  of  inductance 
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Fig.  2    Diagram  of  simple  two-phase  alternator 
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Fig.  4  Diagram  showing  step-up  (left)  and  step-down 
(right)  transformers.  P  P  primary  coils;  S  S  second- 
ary coils 
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Fig.  C    Diagram  showing  "signs"  of  rotor  bars  if  there 
were  no  inductance 
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Fig.  8  Diagram  showing  winding  of  two-pole  two-phase 
rotating  motor  field.  A,  is  the  return  wire  of  phase  A, 
snd  B,  the  return  wire  of  phase  B 
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large  currents  by  means  of  brushes  and  of  pre- 
serving good  insulation  between  the  rings  and 
shaft,  the  revolving  field  type  of  machine  is  now 
used  in  almost  all  large  installations,  the  field 
current  from  the  exciter  being  supplied  through 
cast-iron  rings  mounted  on  the  shaft,  or  in  the 
case  of  the  inductor  type,  consisting  of  an 
annular  ring  surrounding  the  inductor  or  re- 
volving clement,  which  consists  of  laminated 
iron  poles  suitably  spaced  and  keyed  to  the  shaft. 
The  windings  being  stationary,  there  are  no 
moving  connections,  cither  for  the  field  current 
or  the  main  current  of  the  machine.  In  cither 
type  the  alternating  current  is  taken  from  the 
terminals  of  the  windings,  usually  at  the  bottom 
of  the  frame. 

Polyphase  Machines. — If  two  armatures,  of 
the  same  number  of  turns  each,  be  connected  to 
the  shaft  at  90  degrees  from  each  other,  and  re- 
volved in  a  bi-polar  field,  and  each  terminal  be 
joined  to  a  collector  ring,  we  have  two  separate 
electromotive  forces  differing  in  phase  by  90 
degrees  or  a  two-phase  machine.  With  120 
degrees  phase  difference  and  three  sets  of  arma- 
tures we  have  a  three-phase  winding.  By  prop- 
erly interconnecting  the  three  circuits,  we  may 
use  but  three  wires  for  transmission,  or  four, 
in  accordance  with  the  system  used.  The  con- 
struction of  multiphase  machines  is  similar  to 
lhat  of  the  single -phase  type,  excepting  that  in 
the  former  we  have  as  many  armatures,  series 
connected,  as  there  arc  phases. 

In  the  two-phase  three-wire  system,  the  wire 
from  the  common  junctions  of  the  phases  car- 
ries 1.414  times  the  current  of  the  outer  wires. 
The  electromotive  force  between  the  outer  wires 
is  also  V2  E,  when  E  is  the  electromotive  force 
per  phase,  or  between  either  outer  wire  and  the 
common  return.  When  this  system  is  used  it  is 
important  that  the  load  be  carefully  balanced  on 
the  phases  and  that  the  power  factor  be  kept 
as  high  as  possible  in  order  to  keep  the  voltage 
on  the  phases  nearly  alike  at  the  receiving  end. 
Single  phase  motors  or  lamps  may  be  connected 
to  either  or  both  phases,  hut  it  is  very  import- 
ant that  no  load  be  connected  between  the  outer- 
wires,  as  the  effect  is  to  badly  unbalance  the 
voltages  on  the  different  phases. 

In  the  three-phase  star  connected  system  the 
line  voltage  is  V3=  1732  times  the  voltage  on 
the  coils  of  the  machine,  or  the  machine  volt- 
age, which  is  the  pressure  between  any  one  of 
the  three  line  connections  and  the  common  neu- 
tral. The  line  current  in  this  system  is  the  cur- 
rent that  flows  through  any  one  of  the  machine 
windings.  In  the  delta  connection,  the  line 
voltage  is  the  same  as  the  voltage  across  any 
phase  of  the  machine,  while  the  line  current, 
being  the  resultant  of  two  currents,  is 
V 3=  1  732  times  the  current  flowing  through 
any  phase  of  the  machine. 

Energy  Polyphase. —  In  a  two-phase  cir- 
cuit, whether  three  or  four  wire,  the  energy 
flowing  is  the  sum  of  the  products  of  each  phase 
current  by  the  phase  pressure.  Two  wattmeters 
are  used.  In  the  three-phase  system  when 
E 03  volts  between  lines;  I  ^  amperes  on  lines; 
W  =  total  watts  output  of  machine, —  then, 
whether  the  connection  be  star  or  delta,  the  total 

output  is  3  ^  -  ■=  1732  EI,  always  supposing 

the  system  be  balanced  Thus  the  output  of  the 


is  not  changed  by  changing  the  con- 
nections from  star  to  delta  In  the  balanced 
three-phase  system,  one  wattmeter  will  register 
the  total  output  if  its  constant  be  multiplied  by 
1732.    Two  wattmeters  are  usually  employed. 

Regulation  of  Alternators. — The  regulation 
of  modern  alternators  varies  from  5  to  6  per 
cent,  which  means  that  in  case  the  full,  non- 
inductive  load  of  an  alternator  be  taken  off,  the 
speed  and  excitation  being  kept  constant,  the 
terminal  pressure  will  rise  by  an  amount  corre- 
sponding to  from  5  per  cent  to  6  per  cent 
of  its  full  load  voltage.  Close  regulation  means 
a  much  better  voltage- regulation  on  the  system 
and  stronger  synchronizing  power.  A  certain 
amount  of  armature  reaction  is  necessary  to 
avoid  large  cross  currents  on  changing  the  field 
of  one  or  more  machines  operating  in  parallel, 
in  the  attempt  to  preserve  the  same  terminal 
voltage.  The  efficiency  of  large  alternators  is 
about  96  per  cent  to  97  per  cent. 

Frequency.—  In  regard  to  the  f  requency  best 
adapted  to  transmission  work,  or  to  local  distri- 
bution, various  factors  enter  into  the  problem. 
At  60  «N/  both  arc  and  incandescent  lamps 
can  be  operated  satisfactorily.  The  transformers 
arc  smaller  and  cheaper  than  at  25  ^  and 
motors  are  very  satisfactory  both  as  to  low  first 
cost,  range  of  speed,  and  good  starting  torque 
(q.v.).  Frequencies  over  60  f\/  have  been  aban- 
doned. The  line  drop,  due  to  reaction,  increases 
with  the  frequency:  a  change  of  frequency 
from  25  "■>»/  to  125  f\s  would,  on  the  same 
line,  more  than  double  the  line  drop.  While 
as  a  rule  60  apparatus  is  cheaper  than 
that  for  25  *\s  yet  the  increase  in  polar  speed 
often  becomes  difficult  without  increasing  the 
number  of  poles  to  an  undesirable  extent,  which, 
in  60  *V  apparatus,  may  be  sufficient  to  make 
the  parallel  operation  of  low  speed  direct-con- 
nected alternators  quite  difficult. 

Self-induction.— When  a  current  is  intro- 
duced into  a  circuit  a  magnetic  field  is  produced, 
surrounding  the  conductor;  the  rise  of  which 
causes  a  counter  electromotive  force.  This  elec- 
tromotive force  is  called  the  electromotive  force 
of  self-induction.  The  effect  of  self-induction 
upon  electric  currents  is  directly  comparable  to 
the  effect  of  inertia  on  a  material  body.  It  is 
that  quality  that  tends  to  hinder  the  introduction, 
variation  or  extinction  of  the  current  in  a  cir- 
cuit. As  this  effect  is  greatest  at  times  of  most 
rapid  change  of  magnetism  set  up  by  the  current, 
in  alternating  current  circuits,  it  becomes  a  maxi- 
mum when  the  inducing  current  is  passing 
through  zero,  and,  therefore,  the  counter  elec- 
tromotive force  of  self-induction  lags  90  decrees 
behind  the  current  in  the  circuit.  It  also  follows 
the  sine  curve  provided  the  current  flowing  is 
sinusoidal. 

In  a  circuit  containing  several  impedances  in 
scries,  the  joint  impedance  is  not  the  sum  of  the 
individual  impedances,  but  is  obtained  by  taking 
the  square  root  of  the  total  added  reactances 
squared  plus  the  total  added  resistances,  squared. 

That  is,  Impedance  ~   

V  (R.  +  R.  +  R>)»  +  (  2-  A.  +  2t  fl,  +  2*  fl,)» 
The  joint  impedance  of  several  impedances 
in  parallel  is  found  as  follows.  Construct 
a  parallelogram  from  the  reciprocals  of  two 
of  the  impedances,  each  expressed  in  its  proper 
phase  relation.  The  direction  of  the  diagonal 
will  give  the  phase  of  the   resultant  im- 
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pedance  and  its  reciprocal  amount  will  give 
the  reciprocal  of  its  length.  For  more  than  two, 
the  method  of  the  polygon  of  forces  is  applied. 
The  effect  of  self-induction  varies  with  the  fre- 
quency of  the  current  supplied,  and  as  the 
square  of  the  number  of  turns  in  a  circuit.  The 
self-induction  in  the  armature  of  an  alternator 
has  two  effects.  The  first  is  to  produce  a  lag- 
ging current  and  thus  lower  the  terminal  volt- 
age, and  the  second  is  a  demagnetizing  effect. 
The  current  is  thrown  into  such  a  phase  that  it 
produces  lines  of  force  directly  opposed  to  the 
field  and  thus  lowers  the  voltage  by  reducing 
the  total  flux.  The  effect  of  armature  reaction 
depends  upon  whether  the  current  is  leading  or 
lagging  in  phase.  A  lagging  current  lowers  the 
voltage  of  an  alternator  and  a  leading  current 
raises  it. 

Capacity. —  All  insulated  conductors  have 
the  quality  of  being  able  to  hold,  stored  on 
their  surfaces,  a  certain  quantity  of  static  elec- 
tricity, and  arc  thus  condensers.  The  charg- 
ing and  discharging  of  an  alternating  current 
circuit  causes  the  current  to  flow  from  the 
generator  into  the  line  and  then  back  into  the 
generator  again,  with  the  frequency  of  the 
alternator,  in  order  to  keep  up  the  static  poten- 
tial on  the  line.  As  this  charging  current  is 
greatest  when  the  rate  of  change  of  electromo- 
tive force  is  greatest,  a  sinusoidal  wave  of 
capacity  electromotive  force  with  90  degrees 
difference  in  phase  from  the  machine  electromo- 
tive force  is  produced.  This  leads  the  active 
electromotive  force  bv  90  degrees  and  is  thus 
directly  opposite  to  the  electromotive  force  of 
self-induction.  If  wc  have  a  circuit  in  which 
the  electromotive  force  of  self-induction  is 
just  equal  to  the  capacity  electromotive  force, 
and  these  two  parts  of  the  circuit  are  in  series, 
the  effect  of  both  is  neutralized  and  wc  have, 
as  in  direct  currents,  \V~EXC. 

The  Transformer.—  The  one  piece  of  ap- 
paratus that  more  than  all  else  has  made  pos- 
sible the  electrical  transmission  of  energy  to 
long  distances  is  the  transformer.  This  is  the 
apparatus  that  receives  in  one  set  of  coils  the 
dangerous  potential  of  the  line  and  transforms 
it  into  whatever  potential  is  desired  for  lights 
or  motors,  which  are  supplied  from  an  entirely 
separate  winding.  The  transformer  consists  of 
a  magnetic  circuit  of  laminated  iron  or  mild 
steel  interlinked  with  two  electric  circuits,  one, 
the  primary,  receiving  electrical  energy  and  the 
other,  the  secondary,  delivering  it  to  the  con- 
sumer. The  effect  of  the  iron  is  to  make  as 
many  as  possible  of  the  lines  of  force  set  up 
by  the  primary  current  cut  the  secondary  wind- 
ing and  there  give  rise  to  an  electromotive 
force  of  the  same  frequency,  but  different  vol- 


NTot  only  does  the  transformer  make  pos- 
sible the  transformation  of  voltages,  but  it  also 
permits  of  changing  from  one  system  to  an- 
other. Thus  a  single-phase  primary  may  sup- 
ply a  three-wire  F.dison  system,  of  course,  with 
alternating  current.  A  two-phase  system  can 
be  chanced  to  a  three-phase  or  vice  versa;  a 
four-wire  two-pha«e  may  make  a  three-wire 
two-phase,  and  manv  other  useful  combinations 
mav  be  effected.  The  Scott  connection  for 
changing  two-phase  to  three-phase,  or  the  op- 
posite, uses  but  two  transformers  One  has  a 
ratio  of,  sav  10  to  1,  with  a  tap  at  the  middle 


of  its  secondary  coil  The  other  must  then 
have  a  ratio  of  10  to  .866=  10  to  One  ter- 
minal of  the  secondary  of  this  transformer  is 
connected  to  the  middle  of  the  other  secondary, 
and  the  remaining  free  ends  of  both  seconda- 
ries form  the  three  terminals  ot  a  three-phase 
circuit.  The  value  is  the  altitude  of  an 
equilateral  triangle  of  which  the  base  is  unity, 
and  thus  wc  may  consider  the  current  to  be 
taken  from  the  corners  of  an  equilateral  tri- 
angle, which  represent,  in  phase  and  potential 
difference,  a  true  three-phase  system.  The  cur- 
rent in  the  transformer  of  secondary,  .866  being 
the  resultant  of  the  other  two-phases,  is  greater 
than  under  normal  two-phase  conditions;  and, 
therefore,  the  windings  must  have  about  15  per 
cent  more  copper.  If  two  similar  transformers 
are  used  the  secondary  of  each  has  taps  giving 
50  per  cent  and  86.7  per  cent  of  full  voltage. 
In  many  large  installations,  notably  at  Niagara 
Falls,  wc  find  two-phase  generators  feeding 
three-phase  lines  through  Scott  connected  step- 
up  transformers.  In  small  systems  standard 
transformers  may  be  used  having  ratios  of  10 
to  1  and  9  to  1  respectively,  and  the  results  will 
be  quite  satisfactory. 

The  Induction  Motor.— Acting  upon  the 
well-known  fact  that  a  copper  disc  could  be 
made  to  revolve  by  rotating  a  horseshoe  magnet 
so  that  the  lines  of  force  cut  the  disc,  Ferraris, 
Tcsla,  Dobrowolsky  and  others  have  developed 
the  present  type  of  induction  motor.  The  credit 
for  the  first  commercial  application  of  the  ro- 
tating field  caused  by  currents  of  displaced 
phase  probably  belongs  to  Tesla.  At  the  pres- 
ent day  the  value  of  these  discoveries  in  the 
transmission  and  distribution  of  power  can 
hardly  be  estimated.  The  induction  motor  is 
somewhat  similar  to  the  direct-current  shunt 
motor.  Both  motors  have  field  and  armature 
windings.  In  both  cases,  also,  the  field  is  con- 
nected directly  across  the  mains.  In  the  shunt 
motor  the  armature  current  is  supplied  through 
brushes  and  a  commutator  to  the  windings, 
while  in  the  induction  motor  the  armature  cur- 
rent is  an  indirect  current,  the  field  acting  as 
the  primary  of  a  transformer  of  which  the 
armature  is  the  secondary.  In  both  motors  the 
efficiency  is  inversely  proportional  to  the  arm- 
ature resistance,  as  is  also  the  speed  regulation 
of  the  motors.  The  less  the  armature  resist- 
ance the  higher  the  efficiency  and  the  closer 
the  regulation  of  speed  between  no  load  and 
full  load.  In  practice,  either  element  may  be 
the  one  to  revolve.  The  rotation  is  produced 
by  the  reaction  of  the  armature,  or  indirect 
current,  on  the  revolving  magnetic  field,  which 
results  in  dragging  the  moving  element  around 
in  order  to  keep  up  with  the  field  flux,  as  it 
passes  around  the  face  of  the  primary  windings. 
This  field,  being  the  resultant  of  two  or  more 
alternating  fields  of  different  phases,  rotates 
with  the  polar  frequency  of  the  supplied  voltage. 
The  secondary  winding  is  made  up  of  copper 
bars  set  in  slots  in  a  laminated  iron  core  and 
running  across  the  armature  parallel  with  the 
axis  of  rotation.  This  separating  of  the  old 
copper  disc  into  narrow  bars  constrains  the 
current  to  flow  into  the  best  direction  for  pro- 
ducing torque  and  avoids  the  wa«te  of  the  un- 
constrained Foucault  currents  in  the  Arago 
disc,  and  thus  makes  the  motor  much  more 
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efficient.  Sometimes  the  secondary  windings 
are  joined  to  heavy  short-circuiting  rings  at 
both  ends,  resulting  in  the  squirrel-cage  type  of 
motor;  and  in  other  cases  the  secondary  wind- 
ings are  taken  out  through  collector  rings,  if 
the  secondary  be  the  rotating  element,  and  start- 
ing resistances  are  inserted  in  series  to  lessen 
the  reaction  due  to  excessive  starting  current 
and  thus  improve  the  starting  torque.  When 
up  to  speed  these  resistances  are  cut  out  and  the 
terminals  short-circuited  as  in  the  squirrel-cage 
type. 

The   Asynchronous   Generator. —  I  f  the 

motor  be  driven  by  power  from  an  outside 
source  up  to  true  synchronism,  no  current  will 
flow  in  the  secondary,  and  the  primary  current 
or  field  current  will  be  wholly  made  up  of  the 
wattless  exciting  current,  just  as  in  a  trans- 
former at  no  load.  The  slip,  or  amount  by 
which  the  motor  speed  at  full  load  differs  from 
synchronous  speed,  may  be  as  little  as  2  to  2'/S 
per  cent  of  the  speed  of  synchronism  in  large 
motors,  and  in  small  motors  may  be  5  per  cent 
or  more.  If  the  motor  above  mentioned  be 
forced  above  synchronism  the  motor  becomes 
a  generator,  provided  the  connection  to  the 
mains  is  left  closed,  and  when  a  negative  slip  of 
the  same  amount  as  full  load  slip  as  a  motor  is 
reached,  the  generator  will  be  giving  out  its  full 
output  at  the  same  frequency  as  the  exciting 
circuit.  The  possibilities  of  this  system  are 
interesting. 

The  Synchronous  Motor. —  The  synchro- 
nous motor  is  merely  an  alternating  current 
generator  of  special  design.  Both  motors  and 
alternators  have  a  direct  current  field  and  an 
alternating  current  armature.  The  operation  of 
a  synchronous  motor,  when  once  brought  up 
to  speed  and  thrown  into  circuit,  is  the  same  as 
that  of  an  alternator  in  parallel  with  one  or 
more  alternators.  When  the  back  pressure  of 
the  motor  is  equal  and  directly  opposed  to  that 
of  the  line  no  current  can  flow.  The  friction, 
however,  causes  the  revolving  element  to  lag 
slightly  behind  the  line  pressure,  and  a  cur- 
rent is  driven  through  the  motor  by  the  gener- 
ator. This  current  increases  directly  with  the 
lag  behind  the  central-phase  position  caused  by 
increased  load.  A  good  synchronous  motor, 
while  always  revolving  at  the  same  polar  speed 
as  the  alternator  supplying  the  line  current,  will 
carry  a  load  of  five  or  six  times  full  load  be- 
fore it  breaks  out  of  step,  and  becomes  prac- 
tically a  short  circuit  on  the  system.  The  cur- 
rent which  passes  through  such  a  motor  on 
short  circuit,  while  held  down  by  the  induct- 
ance of  the  windings,  is  yet  sufficient  to  rapidly 
damage  the  insulation  if  not  cut  off.  The  great 
advantage  of  the  synchronous  over  the  induc- 
tion type  of  motor  is  that  the  power  factor  can 
be  raised  or  lowered  at  will.  By  raising  the 
field  strength  of  a  synchronous  motor  the  cur- 
rent taken  by  the  motor  may  be  made  leading 
and  hence  help  keep  up  the  line  voltage  on  a 
heavy  inductive  load.  This  is  of  the  greatest 
importance  in  practice.  It  is  good  practice  to 
set  the  field  strength  for  a  good  power  factor 
at  full  load  At  light  loads  the  motor  is  as- 
sisting the  generator  to  maintain  the  required 
pressure.  Another  advantage  of  the  synchro- 
nous motor  is  that  it  can  easily  be  built  for  very 
high  voltage,  especially  the  revolving  field  tvne 
—  a  12,000  volt  motor  is  not  at  all  unusual 


practice  —  thus  the  use  of  transformers  may  be 

The  Rotary  Converter.— The  rotary  con- 
verter is  a  specially  designed  direct-current 
generator  provided,  at  proper  points  in  the 
winding,  with  taps  to  collector  rings,  from 
which,  if  the  machine  is  run  as  a  motor  from 
the  direct-current  side,  an  alternating  current 
may  be  taken.  Usually  the  alternating  current 
is  taken  from  the  secondaries  of  suitable  trans- 
formers and  supplied  to  the  rings,  driving  the 
rotary  as  a  synchronous  motor,  the  direct  cur- 
rent being  taken  from  the  brushes  on  the  com- 
mutator. As  the  reaction  of  the  incoming  al- 
ternating current  about  balances  that  caused  by 
the  outgoing  direct  current,  the  armature  reac- 
tion of  such  a  machine  is  very  small  and  the 
brushes  can  be  always  kept  in  one  fixed  posi- 
tion. If  the  taps  from  the  armature  are  taken 
off  at  points  differing  180  degrees  from  each 
other,  electrically,  we  have  a  single-phase 
rotary.  If  connections  are  made  90  degrees 
apart  we  have  a  two-phase  rotary,  using  four 
collector  rings.  Taking  120  degrees  around  the 
armature  for  our  taps  we  have  a  three-phase 
rotar>%  using  three  collector  rings.  By  adding 
to  the  number  of  taps  and  therefore  to  the  num- 
ber of  rings  we  may  have  a  six-phase  rotary. 
The  output  of  a  rotary  is  greater  than  its  out- 
put as  a  direct-current  generator,  chiefly  on 
account  of  the  absence  of  armature  reaction 
and  because  at  certain  positions  the  current 
flows  straight  from  collector  ring  to  commutator 
and  thus  avoids  the  loss  due  to  heating.  The 
rotary  converter,  with  its  step-down  trans- 
former, is  the  most  efficient  means  we  now  have 
of  transforming  the  high  tension  polyphase  cur- 
rents of  our  large  central  stations  to  direct 
current  for  the  Edison  system,  and  for  railway 
purposes.  This  piece  of  apparatus  is  wound 
either  shunt  or  compound,  in  accordance  with 
the  use  for  which  it  is  intended.  As  in  the  case 
of  the  synchronous  motor,  the  rotary  is  a 
valuable  help  to  the  central  station  by  running 
at  a  very  high  power  factor.  By  ovcrexciting 
the  fields  the  current  taken  by  the  rotary  be- 
comes leading  and  helps  to  hold  up  the  voltage 
of  the  central  station  in  case  of  a  heavy  load 
of  induction  motors  by  means  of  the  armature 
reaction  of  the  generators.  Owing  to  very  high 
commutator  speeds  at  the  higher  frequencies, 
rotaries  are  not  much  used  on  frequencies  above 
60  degrees.  At  this  frequency  they  operate 
satisfactorily.  At  lower  frequencies,  however, 
rotaries  arc  at  their  best,  and  will  stand  enor- 
mous overloads,  sudden  changes  in  load  and 
other  disturbances,  with  perfect  satisfaction. 
The  voltage  of  the  direct  current  end  of  a 
rotary  is  that  of  the  peak  of  the  sine  wave 
of  the  alternating  pressure,  and  thus  a  voltmeter 

across  the  collector  rings  would  read  77™  where 

v  2 

E  is  the  direct-current  electromotive  force  in 
single  and  two-phase  rotaries.  In  the  three- 
phase  system  the  ratio  between  the  alternating 
current  pressure  and  the^hrect  current  at  the 

commutator  brushes  is  ^-7—  =.612.  Thus  in  the 

2V2 

Edison  system  operating  at  250  volts  we  should 
have  to  transform  down  to  250X. 612=153  volts 
at  the  secondary  of  the  transformers.  While 
rotaries  can  be  started  up  without  field,  from 
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the  alternating  current  side,  it  is  nnt  good  prac- 
tice, excepting  in  certain  special  cases.  Gen- 
erally they  are  started  up  exactly  like  a  shunt 
motor,  synchronized,  and  then  thrown  upon  the 
alternating  current  line.  When  a  rotary  is 
started  up  from  the  alternating  current  side, 
on  closing  the  field  switch  it  is  impossible  to 
tell  what  the  polarity  will  be.  Rotaries  operate 
in  parallel  with  perfect  satisfaction,  as  a  rule, 
on  both  the  alternating  current  and  the  direct 
sides.  The  storage  battery  is  always  used  in  a 
large  rotary  installation  to  ensure  against  any 
possible  contingencies.  On  compound  rotaries  the 
equalizer  must  be  used,  just  as  in  the  case  of 
direct-current  compound  generators.  See 
Electric  Machink. 

A.  R.  Cheyney, 
Station  Superintendent  Philadelphia  Electrical 
Company. 

ELECTRIC  ANNEALING,  a  process  of 
annealing  by  the  heat  generated  by  the  passage 
of  an  electric  current  through  the  body  to  be 
annealed,  or  in  which  heat  generated  by  an 
electric  current  is  used  in  place  of  ordinary 
heat.  The  heat  developed  in  a  conductor  by  an 
electric  current  is  equal  to  the  product  of  the 
square  of  the  current  by  the  resistance  of  the 
conductor=OR.  An  interesting  experiment 
showing  the  fusing  power  of  the  electric  cur- 
rent is  made  in  the  following  manner :  Provide 
a  glass  or  porcelain  vessel  containing  a  mixture 
of  sulphuric  acid  and  water.  Introduce  a  lead 
plate  electrode  suitably  connected  with  the 
positive  pole  of  a  continuous-current  generator. 
Connect  by  a  flexible  wire  the  negative  pole  to 
a  stout  pair  of  metal  pliers.  When,  by  means 
of  the  pliers,  a  metal  rod  is  immersed  in  the 
acid  solution,  the  liquid  is  seen  to  boil  near  the 
rod,  which  is  brought  to  a  dazzling  whiteness 
in  a  few  moments,  and  presently  begins  to 
melt.  The  heating  is  so  quickly  produced  that 
the  liquid  or  the  body  of  the  rod  has  not  time 
to  become  hoL  In  a  short  time  a  temperature 
of  7,000°  F.  may  be  developed,  and  with  a  very 
strong  current  a  temperature  of  14,000°  F.  has 
been  produced. 

ELECTRIC  ANNUNCIATOR,  a  form  of 
annunciator  used  in  private  houses,  offices  and 
hotels.  They  are  used  to  call  messengers,  to 
announce  an  alarm  and  to  indicate  the  source 
of  the  alarm  in  connection  with  electric  bur- 
glar-alarm apparatus,  and  for  numerous  other 
purposes.  In  some  forms  of  annunciator  the 
source  of  the  call  is  indicated  by  the  movement 
of  a  needle  on  the  face  of  the  case  opposite  a 
given  number;  in  others  a  shutter  drops,  dis- 
closing the  number  or  name  of  the  room  or 
office.   Sec  Electric  Signaling. 

ELECTRIC  ARC,  the  intensely  hot  bright 
flame  that  forms  where  an  electric  current 
jumps  a  gap  between  two  electrodes:  called 
also  voltaic  arc.  It  tends  to  curve  in  an  arc 
following  the  lines  of  force,  hence  the  name. 
This  is  the  source  of  light  in  an  arc  lamp. 
(Sec  Electric  Lighting).  The  lamp  carbons, 
which  constitute  the  electrodes,  arc  usually  en- 
closed to  retain  the  carbon  vapors.  The  car- 
bons have  to  be  set  at  a  slight  distance  apart, 
and  as  they  bum  down  require  to  be  moved  so 
as  to  maintain  the  correct  distance  for  permit- 
ting a  good  arc.  In  burning,  the  carbons  create 
carbon  vapor,  which  is  a  conductor,  and  the 
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current  flows  along  this  vapor  conductor  in  an 
arc  of  visible  flame.  If  the  electrodes  are  im- 
pregnated with  metallic  salts  and  a  powerful 
current  passed  across  the  gap,  the  so-called 
•flaming  arc"  results,  of  varying  color,  accord- 
ing to  the  salts  employed.  Vacuum  tube  light- 
ing is  also  accomplished  in  a  somewhat  similar 
principle.  See  Electric  Lighting  and  Electric 
Furnaces — Arc  Furnace. 

ELECTRIC  AURA,  a  current  or  breeze 
of  electrified  air  employed  as  a  mild  stimulant 
in  electrifying  delicate  parts,  as  the  eye. 

ELECTRIC  AUTOMATIC  F I  R  R- 
ALARM.  See  Electric  Signaling. 

ELECTRIC  BALANCE,  an  instrument 
for  measuring  the  attractive  or  repulsive  forces 
of  electrified  bodies;  a  form  of  clcctronometer, 
consisting  of  a  graduated  arc  supported  by 
a  projecting  plate  of  brass  which  is  attached 
to  a  perpendicular  column.  A  wheel,  the  axis 
of  which  is  supported  on  anti-friction  rollers, 
and  is  concentric  with  that  of  the  graduated 
arc,  carries  an  index.  Over  this  wheel,  in  a 
groove  on  its  circumference,  passes  a  line,  to 
one  end  of  which  is  attached  a  light  ball  of  gilt 
wood,  and  to  the  other  a  float,  which  consists 
of  a  glass  tube  about  one-fifth  of  an  inch  in 
diameter,  terminating  in  a  small  bulb,  so 
weighted  that  the  index  may  point  to  the  centre 
of  the  graduated  arc.  The  difference  between 
the  weights  of  the  float  when  in  and  out  of 
water  is  known,  and  the  diameter  of  the  wheel 
carrying  the  index  is  such  that  a  certain  amount 
of  rise  or  fall  of  the  float  causes  the  index  to 
move  over  a  certain  number  of  graduations  on 
the  art   Sec  Electrometer. 

ELECTRIC  BATH,  a  solution  in  a  vat  or 
tank  containing  a  salt  of  some  metal,  as  copper, 
silver,  gold,  etc.,  and  connected  with  the  nega- 
tive pole  of  a  battery  or  dynamo.  A  current 
being  passed  through,  the  metallic  salt  is  de- 
posited on  the  negative  pole,  or  more  strictly 
speaking,  on  the  object  to  be  plated,  connected 
with  the  pole.  The  process  is  called  electro- 
deposition.  (Sec  Electro-Plating;  Electro- 
chemistry). The  name  electric  bath  is  also 
sometimes  applied  to  a  hot  water  bath  through 
which  a  weak  electric  current  is  sent,  for  the 
treatment  of  patients.  Its  therapeutic  value  is 
questioned  by  many. 

ELECTRIC  BATTERIES.  The  electric 
battery  is  a  device  by  which  electric  enersry  is 
derived  directly  from  chemical  action.  There 
are  two  types  of  electric  batteries:  (1)  primary, 
and  (2)  secondary.  Secondary  batteries  are 
usually  called  "storage  batteries0  or  'accumu- 
lators* and  are  discussed  in  another  article. 

The  battery  unit  is  called  a  "cell."  The 
simple  primary  cell,  or  Voltaic  cell,  as  it  is 
often  called,  from  its  inventor,  Volta.  consists 
of  two  different  metals  immersed  in  a  weak 
water  solution  of  some  acid  which  will  act 
with  unequal  intensity  upon  the  two  metals. 
The  greater  this  inequality  of  action,  the  larger 
will  be  the  difference  of  electric  potential  be- 
tween the  two  metals ;  and,  as  the  current  ex- 
cited in  the  cell  depends  upon  this  difference 
of  potential,  the  greater  will  be  the  strength 
of  the  current.  The  two  metals  form  the  elec- 
trodes of  the  battery  cell,  and  the  solution  is 
the  electrolyte. 

The  chemistry  of  the  primary  cell  is  thus 
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explained:  When  a  piece  of  metallic  zinc  is 
placed  in  sulphuric  acid  diluted  with  water,  a 
chemical  union  takes  place,  the  acid  and  the 
line  combining  to  form  the  new  substance, 
zinc  sulphate.  In  order  that  this  may  be 
brought  about  a  certain  amount  of  oxygen 
must  he  obtained  to  complete  the  combination, 
and  as  neither  the  acid  nor  the  zinc  can  supply 
it,  it  is  taken  from-  the  water  lying  next  to 
the  zinc,  and  which  is  thus  decomposed  —  the 
hydrogen  formerly  in  combination  with  the 
oxygen  being  set  free  in  little  bubbles  which 
cling  to  the  zinc.  These  bubbles  eventually 
cover  the  zinc  and  slow  down  the  formation  of 
zinc  sulphate  until  it  nearly  ceases.  If  now  a 
strip  of  copper  be  placed  in  the  same  vessel,  but 
not  in  contact  with  the  zinc,  the  conditions  re- 
main as  they  were;  but  if  the  ends  of  the  pieces 
of  zinc  and  copper  above  the  level  of  the  water 
are  leaned  together  so  as  to  touch  above  the 
water,  the  chemical  action  is  vigorously  re- 
newed, but  the  hydrogen  bubbles  now  appear  on 
the  copper.  The  action  of  the  acid  upon  the 
zinc  so  reduces  its  electric  potential  that  when 
contact  is  made  with  the  copper  an  electric 
current  immediately  moves  to  restore  the  elec- 
trical equilibrium.  This  being  restored,  the 
chemical  action  —  the  formation  of  zinc  sul- 
phate—  is  free  to  go  on,  and  thus  the  cycle 
continues  until  the  zinc  has  been  entirely  trans- 
formed into  sulphate.  And  all  the  time  the 
action  is  proceeding  the  electric  current  is  con- 
tinually flowing  to  preserve  the  equilibrium. 
If,  instead  of  tipping  the  two  metals  in  the  cell 
until  they  touch,  a  metallic  conductor  is  placed 
so  that  one  end  touches  the  zinc  and  the  other 
the  copper,  the  current  will  traverse  the  whole 
length  of  the  conductor;  and  this  conductor 
may  be  cut  and  a  machine  inserted,  so  that  the 
passing  current  may  be  made  to  expend  part 
of  its  energy  in  work.  The  current  is  observed 
to  flow  from  the  zinc  anode  to  the  copper  cath- 
ode within  the  battery.  Outside  of  the  bat- 
tery the  current  flows  through  the  conductor 
from  the  copper  toward  the  zinc  From  this 
external  movement  the  copper  has  received  the 
title  of  the  positive  pole  and  the  zinc  of  the 
negative  pole. 

The  force  or  pressure  which  causes  the 
current  to  flow  is  called  the  electromotive  force 
(commonly  abbreviated  to  E.M.F.).  It  should 
be  understood  that  the  words  "current"  and 
•flow"  are  not  used  in  the  same  sense  as  with 
a  liquid  like  water.  A  better  understanding  is 
obtained  from  the  illustration  of  a  steam  boiler 
carrying  a  high  pressure  of  steam.  When  a 
valve  into  an  empty  pipe  is  opened,  the  pres- 
sure of  steam  in  the  boiler  is  transmitted  to  the 
further  end  of  the  pipe.  In  this  case  the  steam 
fills  the  pipe  carrying  the  pressure  with  it  In 
the  case  of  the  electric  current  passim;  along 
a  conductor  only  the  pressure  (E.M.F.)  U 
transmitted,  there  being  no  flow  of  any  known 
material  substance. 

The  electromotive  force  of  a  cell  is  depend- 
ent to  a  large  degree  upon  the  kind  of  acid  used 
to  dissolve  the  zinc  When  the  two  plates  are 
immersed  in  other  acids  than  sulphuric,  a  con- 
siderable variation  is  found  in  the  difference 
of  electric  potential  set  up  in  the  cell,  and  it  is 
to  be  borne  in  mind  that  it  is  upon  this  differ' 
ence  that  the  strenRth  of  the  current  depends. 
The  electric  energy  produced  or  released  by  a 
cell  depends  on  the  number  of  pounds  of  zinc 
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and  acid  consumed  in  the  formation  of  zinc  sul- 
phate The  zinc  is  the  battery  fuel  and  is 
oxidized  just  as  coal  is  ox.dized  in  a  furnace. 
The  sulphuric  acid  does  not  dissolve  the  zinc 
itself,  but  dissolves  the  oxide  as  fast  as  it 
forms,  thus  making  the  action  of  the  cell 
continuous. 

If  a  simple  cell  is  put  in  circuit  with  a 
galvanometer,  it  is  observed  that  the  current 
gradually  diminishes  in  strength,  due  to  the 
film  of  hydrogen  bubbles  which  adhere  to  the 
copper.  This  condition  is  called  "polarization." 
If  the  bubbles  arc  brushed  away,  the  current 
resumes  (nearly)  its  former  strength.  It  be- 
comes necessary  then  to  establish  some  mechan- 
ical means  of  removing  the  hydrogen  or  to  use 
some  chemical  substance  in  the  cell  which  will 
combine  with  it  and  so  remove  it  as  fast  as  it 
forms.  Mercuric  chloride  is  sometimes  used 
for  this  purpose.  In  the  bichromate  cell  the 
oxygen  of  the  bichromate  seizes  upon  the  hydro- 
gen and  combines  with  it  to  form  water.  In 
the  Lcclanche  cell  the  depolarizer  is  manganese 
dioxide.  Another  method  of  avoiding  polariza- 
tion is  a  cell  construction  which  admits  of  using 
two  separate  liquids,  the  metal  on  which  the 
hydrogen  collects  being  placed  in  a  solution  of 
some  chemical  which  combines  with  the  hydro- 
gen as  it  forms. 

Another  phenomenon  which  affects  the 
strength  of  current  passing  through  a  cell  and 
thence  through  the  conductor  which  connects 
the  two  dry  poles  of  the  battery  is  what  is 
called  "resistance."  This  is  of  two  kinds  or 
divisions :  internal  and  external.  The  former 
is  that  within  the  cell  itself  —  the  metals  and 
the  liquids;  the  latter  in  the  outside  conductor. 
If  this  conductor  is  of  some  substance  which 
has  a  low  degree  of  electric  conductivity,  like 
lead;  or  even  if  of  high  conductivity,  like 
copper,  but  is  very  long,  or  of  very  small  cir- 
cumference, or  both,  the  electric  current  will 
move  along  it  very'  sluggishly,  as  if  being  held 
back  by  some  obstacle  —  a  resistance.  This 
has  the  effect  of  slowing  down  the  chemical 
action  in  the  cell,  and  the  result  is  what  is 
termed  a  "weak  current."  With  a  short  and 
comparatively  large  conductor  of  a  high  degree 
of  conductivity  the  external  resistance  is  re- 
duced to  a  minimum.  The  internal  resistance 
of  a  cell  is  increased  by  polarization,  as  already 
mentioned,  and  this  is  remedied  by  using  a 
depolarizer.  The  internal  resistance  may  also 
he  further  reduced  by  giving  the  metallic  com- 
ponents large  areas  and  placing  them  quite 
close  together,  making  the  travel  of  the  current 
through  the  electrolyte  as  short  as  possible. 

Primary'  electric  batteries  are  classified  as 
wet  batteries  and  dry'  batteries.  In  the  first 
group  liquids  are  used  as  electrolytes;  in  the 
second,  chemicals  which  retain  moisture  for  a 
long  time  take  the  place  of  electrolytes. 

WET  BATTERIES. 

Wet  batteries  arc  divided  into  one-liquid  bat- 
teries and  two-liquid  batteries.  The  former 
are  those  which  contain  one  homogeneous  elec- 
trolyte; the  latter  have  two  distinct  electro- 
lytes, and  the  cell  is  usually  divided  into  two 
parts  by  a  porous  cup  which  contains  one  of 
the  metallic  electrodes  and  one  of  the  elcctro- 
lyt<  v 

One-Liquid  Batteries.— Among  the  prin- 
cipal   one-liquid    batteries    now    in    use  for 
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economic  purposes  and  in  general  laboratory 
work  are  the  following: 

Smee. —  A  cell  consisting  of  a  platinum 
plate  hung  between  two  zinc  plates  in  an  elec- 
trolyte of  dilute  sulphuric  acid.  The  platinum 
plate  is  roughened  by  an  electro-deposit  of 
platinum,  forming  a  surface  to  which  hydrogen 
bubbles  will  not  adhere.  The  platinum  is 
often  substituted  by  silver,  which,  however,  is 
roughened  by  depositing  a  skin  of  platinum. 
A  variation  of  this  cell  has  a  grid  of  carbon 
rods  instead  of  the  platinum  plate,  the  surface 
of  the  rods  being  made  hydrogen-proof  by 
carbonizing  o.i  them  jackets  of  velveteen. 

Bichromate,  consisting  of  a  zinc  plate  sus- 
pended between  two  carbon  plates,  which  are 
gripped  together  at  the  top  above  the  jar.  The 
electrolyte  used  is  a  mixture  of  separately  pre- 
pared solutions  of  sulphuric  acid  and  of  po- 
tassium bichromate.  With  this  cell  the  zinc 
plates  have  to  be  raised  out  of  the  electrolyte 
when  the  battery  is  not  in  use,  to  prevent  con- 
tinuous chemical  action,  and  therefore  waste  of 
energy. 

Ledanchf  has  a  solution  of  sal-ammoniac 
(ammonium  chloride)  as  the  electrolyte,  and 
into  this  dips  a  zinc  bar  in  one  corner  of  the 
square  glass  jar.  The  other  pole  is  a  bar  of 
carbon  within  a  porous  jar,  the  space  within 
being  closely  packed  with  a  mixture  of 
manganese  dioxide  and  powder  coke.  The 
whole  is  immersed  in  the  electrolyte.  The  oxy- 
gen escaping  from  the  dioxide  prevents  polar- 
ization of  the  cell,  and  the  porous  jar  prevents 
the  oxygen  from  reaching  the  zinc,  while  op- 
posing no  harrier  to  the  passage  of  the  electric 
current.  This  cell  is  useful  onjy  for  inter- 
mittent work,  such  as  ringing  bells  and  buzzers. 

Harrison. —  The  negative  (internal)  pole  or 
cathode  is  a  rod  of  hard  lead  around  which  is 
compressed  a  jacket  of  lead  peroxide.  The 
other  pole  or  anode  is  of  zinc,  cast  in  the  form 
of  a  very  thick  tumbler  which  is  supported  by 
an  amalgamated  copper  rod  running  down 
through  it  and  riveted  in  the  centre  of  the 
bottom.  Around  this  rod  the  tumbler  is  partly 
filled  by  pouring  in  melted  zinc  amalgam 
The  electrolyte  is,  dilute,  sulphuric  acid,  or  a 
solution  of  potassium  bisulphatc,  or  of  sodium 
bisulphatc.    This  is  a  very  powerful  battery. 

Caustic  Alka'i  or  Copper  Oxide  Cells. — 
This  type  of  cell  was  introduced  in  1881  by 
Lalande  and  Chaperon,  France.  Their  cell  con- 
sisted of  a  glass  jar,  in  the  bottom  of  which  the 
oxide  of  copper  was  contained  in  an  iron  cup; 
the  zinc  plate  was  supported  in  the  solution  of 
caustic  potash  by  a  wire,  from  the  cover  of  the 
jar.  To  prevent  the  carbonic  acid  gas  of  the 
air  from  combining  with  the  caustic  potash,  the 
solution  was  covered  with  a  layer  of  petroleum 
oil.  This  cell  has  undergone  many  modifica- 
tions at  the  hands  of  Edison,  Gordon  and 
others. 

Edison  Primary  Battery. — An  oxide  of 
copper  battery.  The  elements  emploved  in  it 
are  zinc  and  black  oxide  of  copper.  The  solu- 
tion is  of  high  grade  caustic  soda,  in  the  pro- 
portion of  25  parts  of  caustic  soda  to  100  parts 
of  water.  The  initial  electromotive  force  of 
these  cells  is  .98  volt;  on  closed  circuit,  0.7 
volt  Their  internal  resistance  varies  with  the 
size  of  the  plates  from  09  ohm  to  .02  ohm. 
The  capacity  of  these  cells,  as  commercially 
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constructed,  ranges  from  50  to  600  ampere- 
hours.  The  oxide  of  copper  cell  has  the  ad- 
vantage that  its  internal  resistance  falls  with 
use,  inasmuch  as  the  continued  reduction  of 
metallic  oxide  from  the  oxide  of  copper  in- 
creases the  conductivity  of  the  plate;  in  prac- 
tice, however,  a  film  of  metallic  copper  is  de- 
posited in  advance  on  the  copper  oxide  plate 
to  ensure  a  low  resistance  at  the  start. 

The  containing  vessel  of  the  Edison  cell  is 
a  porcelain  jar  having  a  porcelain  cover,  through 
which  the  connecting  wires  or  rods  of  the 
plates  enter  the  cell.  The  copper  oxide  plate  is 
obtained  by  roasting  copper  turnings,  which  are 
then  ground  to  a  fine  powder  and  mixed  with  5 
to  10  per  cent  of  magnesium  chloride.  The 
oxide  is  then  molded  into  plates,  which  are  held 
in  a  copper  frame  in  the  cell,  as  at  cc,  Fig.  1; 
this  frame  being  attached  to  the  cover  of  the 
cell  and  forming  one  of  the  terminals,  zz  are 
the  zinc  plates,  one  on  each  side  of  the  copper 
oxide  plates.    Batteries  of  the  oxide  of  copper 
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type  are  extensively  employed  in  connection 
with  spark  coils  for  gas-engine  work,  and  for 
numerous  other  purposes  requiring  continuous 
current,  as  these  are  eminently  closed  circuit 
batteries.  They  can  also  be  used  as  open  cir- 
cuit batteries. 

Gordon. — A  copper  oxide  cell  used  exten- 
sively for  working  fire,  police  and  railway  sig- 
nals, and  of  economical  use  anywhere.  Al- 
though designed  for  closed  circuit  work  it  does 
well  also  on  open  circuits.  The  outer  jar  is  of 
glass,  porcelain  or  enameled  ware,  with  a 
cover  of  the  same  materials,  or  of  tin,  or  com- 
pressed fibre.  A  perforated  cylinder  of  tin- 
plate  is  suspended  in  the  centre  of  the  cell  by 
an  iron  rod.  This  cylinder  is  filled  with  black 
oxide  of  copper.  On  the  outer  circumference 
of  the  cylinder  at  equal  distances  arc  attached 
three  L-shaped  lugs  of  porcelain  which  support 
a  heavy  zinc  ring,  and  at  the  same  time  insu- 
late it  from  the  tin  cylinder.  The  electrolyte 
is  a  solution  of  caustic  soda,  and  the  surface 
of  the  cell  is  covered  with  a  layer  of  heavy 
paraffin  oil,  which  prevents  the  creeping  over 
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of  the  caustic.  As  commonly  used  these  cells 
give  six  months'  service  before  renewal  is  nec- 
essary. 

Two-Liquid  Batteries. —  Although  the  one- 
liquid  cells  have  proved  to  be  adequately  non- 
polarizing,  several  forms  of  two-liquid  cells  re- 
tain a  hold  on  the  market,  and  for  some  of 
them  there  is  a  large  demand. 

Daniell,  an  annular  vessel  of  copper  in  the 
bottom  of  a  iar  is  piled  with  crystals  of  copper 
sulphate,  and  within  it  stands  a  jar  of  porous 
earthenware  in  which  is  suspended  a  zinc  bar. 
The  electrolyte  in  the  porous  jar  is  dilute  sul- 
phuric acid,  or,  sometimes,  zinc  sulphate. 
The  electrolyte  in  the  outer  jar  is  a  saturated 
solution  of  copper  sulphate.  This  is  a  closed- 
circuit  battery  which  has  been  used  extensively 
for  telegraph  work. 

Gravity,  a  cell  with  the  same  components  as 
the  Daniell  cell,  but  without  the  porous  jar. 
The  copper  element  is  a  spider-like  form  of 
sheet  copper  spreading  its  legs  over  the  bot- 
tom of  the  jar.  This  copper  form  is  completely 
covered  with  crystals  of  copper  sulphate,  or 
sometimes  there  is  a  perforated  copper  disc  laid 
upon  the  spider  and  the  copper  sulphate  is 
piled  upon  the  disc  In  the  upper  part  of  the 
jar  is  hung  a  th'ck  seven-toed  crowfoot  of 
zinc  —  from  which  this  form  of  cell  is  often 
called  the  crowfoot  battery.  The  electrolyte 
is  of  dilute  sulphuric  acid.  A  concentrated  so- 
lution of  copper  sulphate  will  soon  occupy  the 
lower  part  of  the  jar,  and  above  it  will  float 
the  lighter  zinc  sulphate  solution  —  with,  how- 
ever, some  little  diffusion  where  the  two  solu- 
tions meet. 

Minotto,  a  cell  in  all  respects  like  the  Grav- 
ity cell,  but  with  a  flat  mat  of  cloth  stuffed 
with  sand  or  sawdust  fitted  snugly  above  the 
copper  sulphate  to  keep  the  two  solutions  quite 
separate.  This  battery  is  much  used  for  rail- 
way signal  work,  in  spite  of  the  fact  that  its 
internal  resistance  is  very  high  —  from  four  to 
six  times  that  of  the  Gravity  cell. 

Fuller,  the  approved  cell  for  telephone  work 
consisting  of  a  carbon  cathode  hung  in  a  depo- 
larizing liquid,  a  combination  of  dilute  sulphuric 
acid  and  a  solution  of  potassium  bichromate. 
A  porous  inner  cup  or  jar  has  suspended  in  it 
the  zinc  anode  and  a  little  mercury  is  placed 
in  the  bottom.  The  electrolyte  in  the  porous 
cup  is  usually  pure  water;  occasionally  a  very 
little  sulphurtc  acid  is  added. 

Grove,  a.  cell  consisting  of  a  hollow  cylinder 
of  zinc,  within  which  is  a  porous  jar  containing 
a  strip  of  platinum.  The  electrolyte  in  the 
porous  cup  is  strong  nitric  acid,  and  in  the 
outer  jar  is  dilute  sulphuric  acid.  This  cell  is 
used  chiefly  in  laboratory  work. 

Bunstn,  a  cell  very  similar  to  the  Grove 
cell  except  that  it  has  a  bar  of  carbon  in  the 
porous  jar  instead  of  the  strip  of  platinum. 

DRY  BATTERIES. 

The  ordinary  commercial  dry  cell  is  vir- 
tually a  Leclanche  cell  in  which  the  electrolyte 
is  in  the  form  of  paste  instead  of  a  liquid.  It 
is,  therefore,  not  accurately  a  dry  cell  but  a 
moist  cell.  It  is  made  inside  of  a  cup  or 
cylinder  of  sheet  zinc  which  forms  the  anode. 
This  zinc  cylinder  is  lined  generally  with  ab- 
sorbent pulpboard  or  layers  of  blotting  paper 
which  are  saturated  with  the  electrolyte,  a  con- 
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ccntrated  solution  of  sal-ammoniac  Through 
the  centre  of  the  cell  runs  a  carbon  bar  consti- 
tuting the  cathode,  and  around  this  is  packed 
the  depolarizing  paste.  The  composition  of  this 
paste  is  a  trade  secret,  each  manufacturer  hav- 
ing his  own  formula.  It  is  pretty  well  under- 
stood that  the  absolutely  essential  ingredients 
and  their  usual  proportions  are  as  follows : 
manganese  peroxide,  100  parts;  powdered  coke, 
80  parts ;  vitrified  graphite,  20  parts ;  sal-am- 
moniac, 20  parts  ;  zinc  chloride  (30°  Baume),  7 
parts.  Other  ingredients  which  arc  known 
sometimes  to  enter  the  composition  are  glucose, 
dextrine,  common  salt,  lime,  arsenic,  mercury 
bichloride,  hydrochloric  acid  and  plaster  of 
Paris. 

After  the  paste  is  firmly  packed  in  nearly  to 
the  top,  the  lining  is  folded  down  upon  it,  a 
thin  layer  of  sawdust  is  laid  in,  a  snug  collar 
of  corrugated  pulpboard  is  fitted,  a  layer  of  sand 
is  spread  on;  and  upon  this  is  melted  in  the 
asphalt  cover  or  seal.  Some  makers  of  dry 
cells  place  next  to  the  zinc,  instead  of  the 
pulpboard  lining,  a  prepared  paste  of  flour, 
dextrine  and  gum  tragacanth,  with  possibly 
other  ingredients. 

A  strictly  dry  cell  is  made  in  the  same  way 
of  dry  materials  without  moisture.  This  cell  is 
inert  until  it  is  wet,  and  provision  is  made  for 
the  wetting  by  making  the  carbon  bar  hollow 
and  perforating  its  sides.  The  end  is  closed 
with  a  rubber  cork.  When  the  battery  is  wanted 
for  use,  the  cork  is  removed  and  water  poured  in. 
These  absolutely  dry  batteries  arc  made  par- 
ticularly for  shipping  long  distances  across  the 
ocean,  as  in  the  Egyptian  and  African  trade. 
(See  Electric  Storage  Batteries).  Consult 
Cooper,  W.  G.,  'Primary  Batteries:  Their 
Theory,  Construction  and  Use*  (London  1916)  ; 
Schneider,  N.  H.,  'Modern  Primary  Batteries' 
(London  1905). 

ELECTRIC  BELL,  any  bell  made  to  ring 
by  the  making  and  breaking  of  an  electric  cir- 
cuit Common  forms  are  here  illustrated.  A 
familiar  design  has  two  electro-magnets,  paral- 
lel and  in  scries,  having  at  their  extremity  a 
vibrating  armature  in  close  proximity  pivoted 
between  them;  fixed  to  this  armature  is  a  clap- 


Magneto  Bell. 

Door  open.  Electric  Door  DelL 


per  vibrating  between  two  gongs.  The  current 
passes  through  the  fields,  magnetizing  the  cores, 
and  in  generating  an  alternating  current  vi- 
brates the  armature  and  rings  the  bell.  A  bat- 
tery bel!  employs  a  small  cell  battery  for 
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power,  and  frequently  a  single  coil  of  wire, 
wound  around  an  iron  core;  a  vibratory  arm- 
ature, pivoted  at  one  end,  is  arranged  to  oper- 
ate the  clapper. 

Two  coils  are  used  in  the  electric  door-bell 
shown  in  the  illustration.  For  a  more  technical 
description  see  Electric  Signaling. 

ELECTRIC  BLUE-PRINT  MAKING, 

a  modern  process  of  wholesale  photographic 

firinting  by  the  aid  of  machinery,  the  electric 
ight  and  the  blue-print  (q.v.).  One  of  the 
best  machines  is  continuous  in  its  operation, 
and  is  fed  by  the  operator  with  great  lengths  of 
tracings  and  blue  paper  in  much  the  same  man- 
ner as  the  washerwoman  feeds  the  wet  clothes 
into  a  wringing  machine.  The  large  wooden 
drum,  around  which  the  tracings  and  printing 
paper  pass,  is  moved  cither  by  a  connection 
with  the  shafting  or  by  an  electric  motor 
mounted  on  the  apparatus,  the  speed  of  the 
drum  being  regulated  by  a  device  shown  on  the 
top  of  the  machine.  A  traveling  apron  of 
transparent  material  takes  the  place  of  the  glass 
in  the  printing  frame  of  the  ordinary  type,  and 
as  it  is  under  tension  at  all  times,  it  ensures  an 
even  and  close  contact  at  all  points.  This  apron 
is  wound  on  a  small  drum  at  the  top  and  after 
passing  along  the  large  drum  where  the  contact 
and  exposure  take  place,  it  is  wound  up  on  the 
drum  below;  after  the  printing  operation  has 
been  completed  it  is  rewound  by  hand  back  on 
the  upper  drum.  In  the  rear  of  the  machine  are 
three  arc  lamps  with  reflectors,  which  concen- 
trate the  light  on  the  tracings  which,  with 
the  exposed  prints,  drop  out  into  the  box  in 
front.  The  blue  paper  may  be  kept  in  a  roll 
ready  for  use  on  the  upper  front  part  of  the 
machinef  or  may  be  fed  in  small  sheets  with 
the  tracings  where  the  work  being  done  is  of 
ordinary  size. 

The  machines  are  made  in  two  widths,  30 
and  42  inches ;  the  apron  supplied  with  them 
is  70  feet  long,  and  prints  of  this  size  can  be 
made  as  readily  as  smaller  ones  where  it  is 
desired.  The  ability  to  make  prints  of  this  size 
rcatly  enlarges  the  sphere  of  usefulness  of  the 
lue-print. 

ELECTRIC  BREEZE,  a  breeze  or  stream 
of  particles  of  air  repelled  from  an  electrified 
point. 

ELECTRIC  BURGLAR-ALARM.  See 

Electric  Signaling. 

ELECTRIC  CABLE.  See  Electric  Un- 
derground Cables  and  Conduits. 

ELECTRIC  CALL-BOX  SYSTEM.  Sec 

Electric  Signaling. 

ELECTRIC  CANDLE,  a  modification  of 
the  arc  form  of  electric  light,  in  which  the 
carbon  pencils  arc  parallel  and  separated  by  a 
layer  of  plaster  of  Paris.  It  was  invented  in 
1877  by  Jablochkoff,  a  Russian  engineer.  This 
invention  is  noteworthy  as  having  revived  an 
interest  in  electric  illumination.  See  Electric 
Light:  nr. 

ELECTRIC  CLOCKS.   See  Clock. 

ELECTRIC  CONDENSER,  a  construc- 
tion for  accumulating  electricity,  through  the 
effect  of  mutual  induction  between  conducting 
plates,  as  of  tinfoil,  separated  by  a  dielectric, 
as  of  oiled  paper;  or  some  similar  device  as  a 
Leyden  jar.    When  an  insulated  conductor  is 


electricity  by  friction,  a  battery 
or  other  source  of  electromotive  force,  it  will 
excite  or  'induce*  in  any  neighboring  conductor 
a  charge  of  electricity.  If  the- electricity  in  the 
first  body  be  "positive,"  that  induced  in  the 
neighboring  body  will  be  "negative*  Thus,  in 
Fig.  1,  in  which  a  and  B  are  metal  plates 
separated  by  air,  glass,  mica  or  other  insulating 
material,  if  a  be  charged  by  the  positive 
pole  of  battery  &  it  will  induce  a  charge 
of  negative  electricity  on  the  plate  b.  Such 
an  arrangement  of  plates  is  termed  an  elec- 
tric "condenser,"  and  in  various  forms  it 
is  one  of  the  most  useful  instruments  em- 
ployed in  multiplex,  printing,  automatic,  wire- 
less and  other  systems  of  telegraphy.  It  is  also 
indispensable  in  telephony  and  has  found  a  field 
in  electric  light  and  power  circuits.  The  elec- 
tricity held  or  "bound"  in  the  plates  is  termed 
static  electricity.  The  quantity  of  electricity 
or  "charge*  accumulated  at  the  plates  is  equal 
to  the  product  of  the  electromotive  force  of 
the  charging  source  by  the  "capacity"  of  the 
condenser.  In  fact,  however,  what  the  con- 
denser holds  is  electrical  energy,  which,  when 
discharged,  is  given  up  as  work  and  heat.  The 
total  amount  of  energy  (expressed  in  foot 
pounds)  thus  stored  up  by  the  condenser  is 
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( KXE')  +2.712,  where  K  is  the  capacity  of 
the  charged  condenser  in  farads,  and  E  is  the 
charged  electromotive  force  in  volts.  It  can  be 
shown  that  the  charge  of  a  condenser  rests  on 
opposite  sides  of  the  dielectric,  and  that  in 
charging  the  condenser  as  much  electricity 
leaves  plate  b  as  enters  plate  a.  The  capacity 
of  a  condenser  varies  with  the  distance  between 
its  opposite  plates,  being  greater  the  nearer  they 
are  together,  and  increases  with  the  surface  of 
the  plates.  The  capacity  also  varies  with  the 
insulating  material  or  dielectric  used  to  sepa- 
rate or  insulate  the  plates.  The  property  of  di- 
electrics to  which  this  so-called  inductive  effect 
is  due  is  termed  specific  inductive  capacity.  The 
property  which  this  inductive  capacity  seem- 
ingly imparts  to  conductors  is  termed  electro- 
static capacity,  or  "capacity."  The  inductive 
capacity  of  air  is  taken  as  the  standard.  Air 
being  unity,  the  specific  inductive  capacity  of 
paraffin  is  about  2;  vulcanized  India-rubber, 
2.94;  gutta-percha,  4.5;  mica,  5;  flint  glass,  6.5 
to  10.  The  Lcydcn  jar  is  a  well-known  type  of 
condenser.  The  most  common  form  of  con- 
denser is  generally  constructed  of  many  sheets 
of  tinfoil,  separated  by  thin  sheets  of  insulating 
material,  such  as  paraffin  paper,  mica  or  glass ; 
the  alternate  sheets  of  tinfoil  are  connected  to- 
gether metallically  at  their  ends  as  indicated  in 
Fig  2. 

In  making  a  condenser  for  radiography,  the 
glass  plate  tvpe  is  recommended  as  inexpensive 
and  durable,  and  also  much  lighter  than  oil- 
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immersed  types.  Photographer's  negative  glass, 
tinfoil  and  shellac  are  the  materials.  The  foil 
should  be  cut  to  the  required  size  (6X8  inches 
is  convenient),  and  carefully  smoothed  to  take 
out  all  wrinkles.  The  glass  should  be  cleaned 
with  alcohol  and  coated  with  shellac,  then 
covered  with  the  foil,  and  rolled  or  "squeegeed" 
so  as  to  be  perfectly  smooth.  In  assembling 
the  plates  lugs  should  be  placed  between  them. 
A  unit  may  be  made  of  10  plates  which  are 
bound  together  with  wire  or  suitable  tape,  and 
immersed  for  one  hour  in  a  bath  of  equal 
parts  of  hot  melted  rosin  and  beeswax,  then 
allowed  to  drain  and  dry.  This  gives  a  con- 
denser unit  thoroughly  moisture  proof,  with  a 
capacity  of  .01  microfarad,  which  is  suitable 
for  the  ordinary  half-kilowatt  wireless  trans- 
former for  the  standard  200-mctre  wave-length. 
It  is  good  practice  to  make  four  such  units, 
placing  two  multiple  sets  of  two  in  each  scries ; 
this  reduces  the  strain  on  the  condensers,  with- 
out altering  the  capacity.  They  may  be  mounted 
in  substantial  open-side  wooden  boxes  to  protect 
the  plates  from  injury. 

ELECTRIC     CONDUCTIVITY,  the 

property  that  a  substance,  as  a  metal,  pos- 
sesses of  conducting  an  electric  current,  that 
is  of  permitting  a  current  to  flow  more  or 
less  readily:  called  also  conductance.  It  is 
the  opposite  of  electric  resistance.  All  the 
metals  possess  some  degree  of  conductivity  and 
some  degree  of  resistance,  iron  being  conspicu- 
ous in  presenting  an  almost  equal  degree  of 
these  opposite  qualities.  It  will  be  seen  by 
the  following  table  of  comparisons  that  silver 
is  the  best  and  mercury  the  poorest  conductor. 

Electric  reustance  Relative 
Metal.  in  Microhms        Electric  conductivity. 

rtCC  Mercury  =  t. 

c'ofSs-"  Ill  « 

GouT   2  08  48 

....  2  *M  34 

  9. 82  10 

  19  85  S 

Mercury   99.74  1 

ELECTRIC   DIRECT  CURRENT,  as 

distinguished  from  the  alternating  current,  is 
so-called  because  of  the  fact  that  it  travels  in 
one  direction  along  a  conductor.  If  this  con- 
ductor joins  the  terminals  of  a  source  of 
energy,  as  a  dynamo,  the  current  is  said  to  flow 
from  the  positive  pole  of  the  machine  along  the 
conductor  to  the  negative  pole. 

Probably  the  first  man  to  detect  current  elec- 
tricity was  Galvani  about  the  year  1786.  To 
Volta  (q.v.),  however,  is  certainly  due  the 
credit  of  first  developing  a  practical  electro- 
chemical cell.  In  the  year  1800  Volta  exhib- 
ited a  cell  known  as  the  "Voltaic  Pile."  consist- 
ing of  a  series  of  discs,  copper  and  zinc,  alter- 
nately separated  from  each  other  by  a  cloth 
saturated  with  brine;  on  joining  wires  to  the 
end  discs,  quite  a  perceptible  shock  may  be  felt 
by  touching  with  the  tongue  or  moistened  fin- 
ger the  two  terminals  simultaneously.  This 
simple  device  was  the  starting  point  of  all  the 
electro-chemical  batteries  of  the  present  day. 
With  the  discovery  of  Volta  of  the  laws  of 
difference  of  potential  between  different  metals 
when  placed  in  contact  or  joined  by  a  fluid 
electrolyte  began  the  development  of  very 
many  varieties  of  cells,  all  on  the  same  prin- 
ciple; yet  even  now.  the  two  metals  he  chose, 


zinc  and  copper,  constitute  the  elements  of  the 
Daniell  cell  very  frequently  used  for  telegraphic 
purposes.  The  changes  which  would  readily 
suggest  themselves  in  Volta's  first  cell  would 
be,  increasing  the  amount  of  corroding  liquid 
and  placing  the  elements,  zinc  and  copper,  in 
a  vessel  which  would  properly  contain  the 
fluid. 

The  theory  as  given  by  Gore  of  the  electro- 
chemical cell  is  as  follows: 

■The  essential  cause  is  the  stored-up  and 
ceaseless  molecular  energy  of  the  corroded 
metal  and  of  the  corroding  element  or  liquid 
with  which  it  unites,  while  contact  is  only  a 
static  condition ;  and  chemical  action  is  the 
process  or  mode  by  which  the  molecular  motion 
of  these  substances  is  more  or  less  transformed 
into  heat  and  current.* 

The  electromotive  force  of  chemical  genera- 
tors is  small,  rarely  exceeding  two  volts  per 
cell.  This  necessitates  a  large  number  of  cells 
connected  in  series;  that  is,  the  positive  ter- 
minal of  one  connected  with  the  negative  ter- 
minal of  the  adjoining  cell,  the  electromotive 
force  thus  produced  being  the  product  of  the 
electromotive  force  of  one  cell  by  the  number 
of  cells.  By  connecting  the  two  positive  and 
the  two  negative  terminals  of  two  rows  of  cells, 
an  increased  quantity  of  current  can  be  ob- 
tained, at  the  potential  of  one  row.  The  first 
method  is  called  joining  battery  cells  for  inten- 
sity, and  the  second  for  quantity.  It  is  known 
that  the  energy  generated  in  a  chemical  cell  is 
produced  by  the  consumption  of  zinc.  The 
cost  of  this  energy  must  necessarily  be  high,  as 
both  the  zinc  and  the  chemicals  are  expensive, 
so  that  the  use  of  current  electricity  was  qi  ' 
limited  until  the  introduction  of  the  dyna 
electric  machine,  which  might  be  called  the  i..*.- 
chanical  method  of  transforming  energy  from 
some  source,  such  as  a  steam-engine,  into  cur- 
rent electricity,  as  contrasted  with  the  chemical 
method. 

In  the  year  1831  Faraday  discovered  and  an- 
nounced the  principle  of  electro-magnetic  in- 
duction. This  opened  up  the  field  of  what 
might  be  called  the  commercial  generation  of 
current  electricity.  The  principle  discovered  by 
Faraday,  which  forms  the  basis  of  all  dynamo 
electric  machines,  is  that  if  a  wire  is  moved  in 
a  magnetic  field,  so  as  to  cut  the  lines  of  force, 
a  current  will  be  generated  in  the  wire,  and  it 
is  upon  this  principle  that  all  dynamo  electric 
machines  depend  for  their  action.  The  con- 
verse of  this  law  he  also  announced,  namely, 
that  when  an  electric  current  is  applied  to  the 
dynamo  by  some  external  source  such  as  a  bat- 
tery or  another  dynamo,  the  machine  will  fur- 
nish mechanical  power.  Hence  a  dynamo  elec- 
tric machine  may  be  considered  either  as  a 
generator  or  as  a  motor. 

All  dynamos  consist  of  two  essential  parts, 
one,  the  field  magnet,  which  is  usually  station- 
ary, and  the  other,  the  armature  on  which  the 
copper  conductors  are  mounted  and  which  re- 
volves on  a  shaft  between  the  poles  of  the  field 
magnet  This  armature  is  so  arranged  as  to 
cut  the  lines  of  force  flowing  between  the  mag- 
netic poles.  The  lines  of  force  are  imaginary 
lines  flowing  from  the  north  pole  to  the  south 

Cole  of  any  magnet    They  can  easily  be  traced 
y  placing  a  piece  of  paper  above  the  mag- 
net and  sprinkling  on  this  paper  iron  filings. 
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If  the  paper  be  covered  with  mucilage  the  fil- 
ings will  maintain  a  permanent  position  so 
that  they  may  be  studied  at  the  leisure  of  the 
student. 

The  field  magnets  may  be  made  of  steel, 
magnetized,  or  preferably  they  may  be  electro- 
magnets made  of  soft  iron  over  which  a  coil 
of  wire  is  wound  carrying  a  current  of  elec- 
tricity which  induces  magnetic  lines  in  the  iron. 
It  is  to  be  noted  that  if  the  ends  of  the  mag- 
net arc  bent  in  the  form  of  a  horse-shoe,  the 
lines  will  be  intensified  by  the  reduction  of 
the  air  space  between  the  poles,  and  as  the 
amount  of  current  induced  in  the  wire  depends 
on  the  number  of  lines  of  force  cut,  the  current 
induced  will  be  greater,  the  greater  the  strength 
of  the  field  magnets. 

Considering  first  the  ideal  simple  dynamo: 
This  would  consist  of  a  single  loop  of  wire 
mounted  on  centres,  and  rotating  between  the 
poles  of  a  magnet,  placed  horizontally,  each 
end  of  the  loop  being  connected  to  a  collector 
which  in  direct  current  machines  is  called  a 
commutator,  and  is  mounted  on  the  shaft  out- 
side of  the  poles,  and  insulated  therefrom.  If 
the  loop  is  placed  at  right  angles  to  lines  of 
magnet  force,  in  a  vertical  position  and  re- 
volved through  180  degrees,  each  side  will  pass 
through  the  whole  number  of  lines  of  force 
flowing  between  the  poles  which  will  induce  a 
current  in  one  direction  in  the  loop.  If  the  ro- 
tation is  maintained  in  the  same  direction  dur- 
ing the  next  180  degrees,  the  loop  will  cut  the 
lines  of  force  in  the  opposite  direction,  that  is, 
the  lines  of  force  will  be  passing  through  it  in 
the  opposite  direction  to  that  in  the  first  case. 
This  will  induce  a  current  which  will  be  in  the 
opposite  direction  from  the  current  induced 
through  the  first  half  of  the  revolution;  so  that 
the  current  will  be  pulsating,  first  in  one  direction 
and  then  in  the  other,  during  each  revolution. 
If  the  collector  or  commutator  be  cut  into  two 
halves  parallel  with  the  shaft  and  the  ends  of 
the  loop  be  connected  one  to  each  half,  and  if 
a  pair  of  brushes  be  supplied  io  collect  the 
current,  one  above  and  one  below  the  com- 
mutator, then  when  the  loop  is  vertical  the 
c s  ill  cli^  n^^c  co n t  f  rc^m  nc  € d 
of  the  loop  to  the  other,  and  as  no  current  is 
then  being  generated,  the  change  is  made  with- 
out sparking  and  current  flowing  in  the  same 
direction  continuously  can  be  obtained  from  the 
brush  terminals.  During  the  moment  of  chang- 
ing from  the  one  contact  to  the  other,  the  cir- 
cuit is  momentarily  opened  or  interrupted. 
This  would  cause  sparking  at  the  brush  or  col- 
lector, were  it  not  that  the  brushes  are  placed 
at  a  point  at  which  the  current  is  practically 
zero.  This  is  found  in  practice  to  be  slightly 
in  advance  of  the  theoretical  neutral  point  on 
account  of  lines  of  force  being  dragged  in  the 
direction  of  rotation  by  the  conductors. 

To  advance  f rom  the  ideal  simple  dynamo : 
—  the  next  step  is  to  reduce  the  air  gap  between 
the  poles  of  the  field  magnet  and  concentrate 
the  lines  of  force  in  the  effective  space.  This 
is  accomplished  by  placing  an  iron  core  on  the 
armature  which  m  the  first  place  reduces  the 
magnetic  resistance  of  the  air  gap  and  thus  in- 
creases the  number  of  lines  of  force  through 
the  armature  conductors,  and  also  serves  as  a 
support  for  them.  Other  machines  were 
Ixiilt  with  shuttle  wound  armatures,  the  arm- 
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ature  consisting  of  an  iron  shuttle  cut  out 
with  grooves  longitudinally  to  take  the  con- 
ductors. These  were  usually  wound  with  a 
number  of  turns  of  copper  wire,  the  euds  being 
brought  om  to  a  two-part  commutator.  (Sec 
Electric  Alternating  Current  Machinery). 
The  next  step  was  to  add  to  the  num- 
ber of  coils  on  the  armature  so  that  during 
each  portion  of  a  revolution  some  part  of  the 
armature  conductors  would  be  doing  maximum 
work.  Should  an  additional  coil  be  added  to 
the  ideal  generator,  at  right  angles  to  the  first 
coij,  the  capacity  of  the  machine  will  be  doubled. 
This  complicates,  to  some  extent,  the  collector 
rings  and  may  necessitate  the  opening  of  the 
circuit  when  current  is  flowing  so  as  to  cause 
sparking  and  burning  of  the  brush.  A  machine 
built  on  these  lines  would,  therefore,  be  better 
adapted  for  generating  small  currents  as  the 
sparking  at  the  brushes  would  be  otherwise 
very  destructive  to  the  commutator.  Machines 
of  this  type  are  known  as  open  coil. 

The  next  important  step  was  made  by 
Gramme  and  Pacinotti,  which  was  to  close  the 
coils  with  themselves  so  as  to  form  a  con- 
tinuous circuit  in  the  armature  and  connect 
one  collector  section  to  each  coil  at  its  junction 
with  the  next  one,  the  number  of  sections  being 
the  same  as  the  number  of  coils.  In  the  four- 
coil  armature,  the  current  generated  can  either 
pass  to  the  collecting  brush  directly,  or  when 
it  moves  out  of  position  so  that  the  contact  is 
broken  and  made  with  the  next  section,  the 
current  can  flow  through  the  armature  coils 
to  the  same  brush  if  necessary,  and  when  that 
coil  passes  from  one  polar  position  to  another 
and  is  giving  current  of  opposite  polarity  this 
current  can  flow  directly  to  the  other  brush,  and 
so  continuous  current  is  generated.  There  is 
also  no  point  at  which  the  circuit  is  open. 
There  may  be  a  slight  sparking  as  the  section 
moves  from  the  brushes,  but  violent  sparking  is 
reduced  as  there  is  always  another  path  for  the 
current  to  flow  to  either  brush. 

The  drum  armature  is  distinct  from  the  ring 
armature  in  that  the  wires  are  wound  on  the 
outside  of  the  core  and  do  not  pass  through  it. 
This  type  is  frequently  called  the  "Siemens* 
armature  on  account  of  the  number  of  suc- 
cessful machines  built  by  Siemens.  Of  the 
whole  number  of  lines  of  force  passing  between 
the  poles  and  through  the  core,  there  are  very 
few  lines  passing  in  the  inside,  they  being  di- 
verted by  an  iron  core  so  that  they  pass  through 
the  wires  on  the  outside  of  the  core;  the  con- 
ductors inside  of  the  core  are  thus  of  little  use, 
their  only  function  being  to  complete  the  cir- 
cuit and  carry  current  between  the  successive 
turns  on  the  outside  of  the  core;  so  that  by 
winding  the  wires  on  the  outside  surface  onlv, 
the  amount  of  idle  wire  is  reduced,  the  only 
material  that  is  not  active  being  the  cross-con- 
necting pieces  at  the  ends. 

The  Gramme  ring  was  used  very  largely  on 
early  machines  for  the  reason  that  it  afforded 
means  for  easier  mechanical  construction,  and 
machines  of  this  type  were  generally  successful, 
on  account  of  their  simplicity.  Pacinotti  de- 
signed a  core  having  teeth  similar  to  a  gear 
wheel.  In  this  way  the  air  gap  between  the 
armature  and  pole  pieces  could  be  reduced 
somewhat,  resulting  in  an  increased  number  of 
lines  of  force.    It  also  afforded  an  additional 
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support  to  the  coils  and  added  to  the  mechan- 
ical strength  of  the  machine. 

To  be  considered  next  are  the  field  magnets : 
There  are  a  number  of  constructions  which  may 
be  employed.  (1)  The  so-called  permanent 
steel  magnet  which  consists  of  a  bar  or  bars  of 
steel  bent  to  the  shape  desired,  tempered  and 
magnetized.  The  method  of  magnetizing  these 
magnets  consisted  of  placing  them  in  contact 
with  other  magnets  or  with  an  electro-magnet. 
The  present  method  would  be  to  insert  the  steel 
bar  into  a  helix  carrying  a  heavy  current  and 
in  a  short  time  the  bar  would  be  magnetized. 
The  dynamos  built  with  permanent  steel  mag- 
nets of  this  tvpe  arc  what  is  known  as  magneto 
lynamos.  The  chief  objection  to  this  form  of 
magnet  is  that  a  steel  magnet  cannot  l>e  made 
as  powerful  as  an  iron  magnet  which  is  ener- 
gized or,  as  it  is  commonly  called,  excited  from 
a  source  of  electricity.  In  the  first  generators 
permanent  magnets  were  used,  but  a  great  step 
>n  advance  in  dynamo  design  was  to  arrange 
the  magnet  poles  so  as  to  be  self-excited.  A 
portion  of  the  current  generated  in  the  arma- 
ture is  sent  around  the  coils  wound  around  the 
cores  of  these  field  magnets  so  as  to  excite  them. 
At  first,  however,  magnets  were  substituted 
consisting  of  soft  iron  upon  which  was  wound 
a  coil  of  copper  wire,  the  current  for  energizing 
these  pole  pieces  being  first  supplied  from  a 
small  magneto  generator  or  a  voltaic  battery. 
Sometimes  the  machine  will  not  generate  on 
starting  up  not  having  sufficient  current  to  ex- 
cite the  magnets  and  it  is  necessary  to  excite 
them  from  some  external  source  so  as  to 
give  the  initial  strength  to  the  magnets  and 
allow  them  to  build  up  from  the  current  gen- 
erated in  the  armature.  It  is  usually  found 
that  there  is  sufficient  residual  magnetism  left 
in  the  iron  of  the  field  magnets,  after  the 
machine  has  once  been  in  operation,  to  start 
the  current  in  the  machine  and  properly  build 
up  the  fields. 

In  regard  to  field  windings,  two  distinct 
types  arc  used:  (1)  the  scries  winding,  in  which 
all  the  current  generated  in  the  armature  passes 
around  the  field  poles  and  thence  out  to  the  line 
or  circuit;  and  (2)  the  shunt  winding  in  which 
a  portion  only  of  the  current  is  used  in  the 
field,  the  connection  being  made  across  the 
main  terminals  of  the  generator.  In  the  first 
case  the  wire  on  the  field  windings  is  necessa- 
rily large  so  as  to  carry  all  the  current  for 
which  the  machine  is  designed  and  in  the  sec- 
ond case  it  is  a  small  wire  of  many  turns,  the 
product  of  amperes  and  turns  being  about  the 
same  in  cither  case.  In  another  design,  both 
a  shunt  and  a  series  winding  of  a  few  turns  is 
employed,  constituting  a  compound  winding. 

It  will  be  seen  that  in  the  first  cn«t\  that  of 
the  scries  winding,  the  field  strength  will  de- 
pend upon  the  resistance  of  the  total  circuit, 
including  the  resistance  of  the  armature,  the 
field  winding  and  the  external  circuit.  In  a 
machine  of  this  type  the  voltage  or  pressure 
generated  will  vary  in  proportion  to  the  de- 
mands. This  is  the  standard  winding  for  the 
series  arc  machines  used  for  city  lighting,  such 
as  the  Brush  and  Wood  types.  In  the  ca^c  of 
the  shunt-wound  machine  the  current  flowing 
in  the  field  coil  depends  upon  the  pressure  be- 
tween the  generator  terminals,  so  that  with 
an  increased  output  and  consequent  loss  in  the 
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armature  the  voltage  will  fall  off  slightly,  thus 
reducing  the  field  strength.  This  necessitates 
some  means  of  varying  the  field  current  so  as 
to  maintain  a  uniform  pressure  at  the  gener- 
ator terminals.  This  is  usually  accomplished 
by  means  of  an  external  resistance  in  the  field 
circuit  composed  of  German-silver  or  iron  wire 
which  can  be  varied  by  means  of  a  switch-head 
so  arranged  as  to  cut  out  certain  portions  of 
this  resistance  step-by-step  and  so  increase 
the  current  through  the  fields,  thus  preserving 
a  uniform  voltage. 

In  a  combination  of  series  and  shunt  wind- 
ings commonly  called  the  compound  type,  as 
the  output  of  the  generator  is  increased,  there 
is  a  greater  flow  of  current  through  the  series 
windings  and  consequent  increase  of  magnetic 
strength  of  field  so  that  it  is  possible  to  com- 
pensate for  the  loss  due  to  the  resistance  of  the 
armature  windings  and  maintain  a  uniform 
voltage  at  the  generator  terminals.  The  vol- 
tage as  well  as  the  output  of  the  dynamo  de- 
pends upon  the  strength  of  the  field  magnets, 
the  magnetic  permeability  of  the  material  and 
the  rate  at  which  the  lines  of  force  are  cut  by 
the  armature  conductors,  so  that  the  higher  the 
speed  the  greater  the  voltage  output  of  the 
dynamo.  In  the  early  machines  very  high 
speeds  were  common,  armatures  of  small  diam- 
eters being  employed.  These  were  objection- 
able for  mechanical  reasons  so  that  the  design 
was  changed  in  order  to  increase  the  number 
of  pole  pieces.  Instead  of  the  field  being  com- 
posed of  two  poles,  it  was  arranged  so  that  a 
greater  number  of  poles  could  be  used  this 
type  of  machine  being  known  as  the  multipolar 
dynamo.  As  each  conductor  would  pass  be- 
tween a  number  of  poles  during  each  revolu- 
tion the  speed  could  be  proportionally  reduced. 

The  dynamo,  as  previously  stated,  is  a  ma- 
chine for  converting  energy  in  the  form  of 
mechanical  power  into  electrical  power,  or  vice- 
versa,  so  that  a  motor  is  a  machine  for  convert- 
ing energy  in  the  form  of  electricity  into  me- 
chanical power.  The  early  types  of  motors 
were  based  on  the  principle  that  a  magnet 
would  attract  the  opposite  pole  of  another  mag- 
net, and  if  one  set  of  magnets  is  arranged  on  a 
wheel,  and  the  other  stationary,  the  movable 
magnets  will  be  drawn  around.  To  make  this 
effective  it  will  be  necessary  to  interrupt  the 
forces  at  what  might  be  called  the  dead  centres 
so  that  the  wheel  would  have  continuous  mo- 
tion. This  is  accomplished  by  either  introduc- 
ing a  screen,  or,  more  satisfactorily,  by  the  use 
of  electro-magnets  with  a  movable  contact  so 
that  the  magnets  arc  energized  intermittently, 
allowing  the  wheel  to  revolve  in  accordance 
with  impulses  received  from  the  magnetic  poles. 

When  we  consider  the  dynamo  as  a  motor, 
the  current  supplied  to  the  terminals  may  take 
two  paths,  one  through  the  armature  and  the 
other  through  the  field  coils.  The  field  current 
energizes  the  pole  pieces,  and  the  current  trav- 
eling in  the  armature  is  similar  to  another  mag- 
net inasmuch  as  a  coil  carrying  the  current  will 
be  attracted  or  repelled  by  a  magnet  according 
to  the  direction  of  the  current  through  the  coif, 
so  that  the  wire  will  be  forced  around  by  at- 
traction and  repulsion.  By  considering  the 
effect  of  the  commutator  the  motion  is  seen  to 
be  continuous.  When  the  armature  starts  to 
revolve  the  conditions  then  existing  will  be 
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similar  to  the  armature  in  action  as  a  dynamo, 
and  an  electromotive  force  will  be  generated  in 
the  armature  wires,  which  will  be  in  the  oppo- 
site direction  to  the  incoming  current.  This  is 
what  is  called  'the  counter  electromotive  force 
of  the  motor,  and  will  tend  to  reduce  the 
amount  of  current  which  will  flow  through  the 
armature  conductors.  It  is,  therefore,  evident 
that  when  a  motor  is  started  there  will  be  a 
rush  of  current  through  the  armature,  as  the 
resistance  is  very  small,  and  as  there  is  no 
counter  electromotive  force  while  the  machine 
is  not  in  motion  to  check  the  flow.  For  this 
reason,  in  the  direct  current  motor  it  is  neces- 
sary to  introduce  an  external  resistance  into  the 
armature  circuit  to  hold  back  the  current  which 
would  flow,  until  the  machine  approaches  full 
speed.  The  resistance  is  then  gradually  re- 
duced until  full  speed  is  obtained  The  effect 
of  this  counter  electromotive  force  when  the 
resistance  is  cut  out  entirely  is  materially  to 
assist  the  self- regulating  qualities  of  the  ma- 
chine. Any  load  applied  to  the  motor  would 
tend  slightly  to  reduce  the  speed,  which  effect, 
by  also  reducing  the  counter  electromotive 
force  and  allowing  more  current  to  flow 
through  the  armature,  tends  to  keep  the  speed 
from  falling  much  below  normal  in  the  shunt 
motor.  Motors  can  be  built  either  with  a  plain 
shunt  field  winding  or  with  a  series  and  shunt 
winding,  depending  on  their  requirements.  The 
direction  of  rotation  depends  on  the  direction 
of  the  current  through  the  armature.  To  re- 
verse the  rotation,  therefore,  it  is  only  neces- 
sary to  reverse  the  current  in  the  armature, 
leaving  field  connections  as  they  are.  If  the 
current  is  changed  in  both  field  and  armature, 
the  result  would  naturally  be  that  the  machine 
will  continue  to  revolve  in  the  same  direction 
as  before. 

To  reduce  the  speed  of  the  direct  current 
motor  it  is  only  necessary  to  add  resistance  to 
the  armature  circuit  so  as  to  limit  the  current 
flowing  therein,  and  by  so  doing  almost  any  de- 
sired speed  may  be  obtained,  from  1  per  cent 
up  to  full  rate  of  speed.  There  arc  a  number 
of  other  methods  by  which  variable  speeds  can 
be  obtained,  one  of  them  being  by  varying  the 
field  strength.  Any  motor,  however,  operating 
at  a  lower  field  or  armature  current  than  nor- 
mal conditions  would  require  is  naturally  oper- 
ating at  reduced  power.  On  account  of  the 
valuable  features  in  relation  to  speed  control, 
reversibility  and  the  automatic  speed  control 
inherent  in  the  shunt  machine,  together  with 
the  large  torque  of  the  series  machine,  the  di- 
rect current  motor  fulfils  more  nearly  than  any 
other  the  practical  requirements  in  machine- 
shops,  textile  mills  and  general  manufacturing 
establishments. 

For  electric  railway  work,  in  which  the  di- 
rect current  is  employed  (see  Traction,  Elec- 
tric), the  compound  wound  generator  and 
series  motor  is  the  usual  standard  practice. 
Often  this  type  of  generator  is  overcom- 
pounded  so  as  to  more  than  overcome  the  drop 
through  the  armature  resistance  and  allow 
higher  voltage  at  full  load  than  at  no  load,  so 
as  to  overcome,  in  a  way,  the  drop  of  potential 
on  the  feeders  and  preserve  the  uniform  vol- 
tage over  the  system.  In  lighting  and  power 
work  the  shunt  and  compound  dynamos  are 
both  used.     (See  Electric  Lighting).  And 


DISCHARGE 

in  the  business  centres  of  our  large  cities  where 
the  direct  current  is  generally  used,  the  rotary 
converter  fed  from  a  high  tension  alternating 
central  station  is  very  often  employed,  together 
with  storage  battery- 
Direct  current  was  more  generally  used  in 
the  earlier  installations  of  electric  distribution, 
in  preference  to  alternating  current,  for  the 
reason  that  the  direct  current  motor  was  de- 
veloped before  the  alternating  current  motor; 
and  the  earlier  motors  possessed  many  advan- 
tages in  their  ability  to  be  operated  at  any 
speed  from  slow  speeds  up  to  the  maximum 
speed  for  which  the  motor  was  designed,  and 
also  permitted  the  use  of  storage  batteries  di- 
rectly connected  to  the  system,  thus  ensuring 
continuity  and  reliability  of  service. 

The  shunt  and  scries  motor  each  has  its  own 
field  of  usefulness.  When  a  very  powerful 
starting  torque  and  rapid  acceleration  are  nec- 
essary the  series  motor  is  used,  as  in  the  case 
of  street  railway,  electric  locomotives,  electric 
cranes;  and  on  steamships  where  the  direct 
current  alone  is  used,  as  on  the  Kentucky  and 
Kearsarge,  of  the  United  States  navy,  not  only 
is  electricity  used  for  lighting,  but  also  for 
operating  ammunition  hoists,  hoisting  anchors, 
operating  boat  cranes,  and  even  the  steering 
gear  of  the  ship  itself. 

In  machine-shops  and  manufacturing  estab- 
lishments where  a  more  or  less  constant  speed 
may  be  required,  and  in  elevator  work,  the  com- 
pound and  the  shunt  motor  are  commonly  em- 
ployed. The  shunt  motor  is  very  well  adapted 
for  operating  at  any  speed  desired,  and  for  ma- 
chine tools  it  is  at  present  without  a  peer  for 
an  efficient  and  easily  regulated  source  of  power. 
Unlike  the  series  motor,  where  the  speed  varies 
with  the  load,  the  shunt  motor  is  practically  a 
constant  speed  machine.  When  thrown  on  the 
lines  it  rapidly  comes  up  to  normal  speed,  and 
then  from  no  load  to  full  load  will  not  greatly 
deviate  therefrom  unless  purposely  thrown  to  a 
slower  point  by  the  controller.  As  a  series 
motor  would  run  away  if  left  in  a  circuit  with  a 
load  suddenly  removed,  the  shunt  motor,  or 
sometimes  the  compound  (which  is  used  in 
order  to  preserve  an  absolutely  uniform  speed 
from  no  load  to  full  load,  and  is  necessary  in  a 
few  places  where  absolutely  constant  speed  is 
required)  is  the  standard  motor  for  driving 
textile  machinery  in  large  mills,  factories  and 
other  establishments. 

Direct  current  generally  meets  all  of  the  re- 
quirements of  the  consumers,  as  it  is  available 
for  motors  of  any  size;  for  lighting;  for  chemi- 
cal action,  such  as  charging  storage  batteries  or 
in  electro-plating;  or  for  electric  heating. 

With  the  large  increase  in  the  requirements 
of  individual  consumers,  the  advantages  of 
direct  current  over  alternating  current  are  not 
as  important  to-day,  for  the  reason  that  trans- 
lating devices  have  been  simplified  so  that 
alternating  current  may  be  converted,  without 
serious  difficulty,  into  direct  current,  for  any 
special  requirements. 

Wm.  C.  L.  Eclin. 
Second  Vice-President  and  Chief  Engineer, 
The  Philadelphia  Electric  Company. 
ELECTRIC  DISCHARGE,  the  escape 
of  electricity,  whether  slowly  and  silently,  or 
more  quickly  and  violently,  from  any  receptacle 
or  generator. 
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ELECTRIC  DOOR-BELLS.  Sec  Elec- 
tric Bells;  Electhic  Signaling. 

ELECTRIC  DRILL,  a  drill  for  metals  or 
rock  worked  by  an  electromagnetic  motor. 
For  metals  a  rotary  motion,  for  rocks  a  recipro- 
cating or  percussive  action,  is  imparted. 

ELECTRIC  EEL  (Electrophorus  elec- 
t  riots),  a  great  eel  inhabiting  the  marshy 
waters  of  the  llanos  in  South  America.  It 
belongs  to  the  family  (Jymnolida  and  order 
Flectospondyti  (q.v.),  and  with  a  few  allied 
species  is  distinguished  from  all  other  eels  by 
the  partial  coalescence  and  modification  of  the 
anterior  vertebrae.  It  is  remarkable  chiefly  for 
the  great  size  of  its  electric  organs,  which  con- 
sist of  two  pairs  of  longitudinal  bodies  between 
the  skin  and  the  muscles  of  the  caudal  region, 
divided  into  about  240  cells  and  supplied  by 
more  than  200  nerves.  The  eel  can  discharge 
sufficient  electricity  to  kill  an  animal  of  con- 
siderable size,  and  is  said  to  possess  power, 
when  in  full  vigor,  to  knock  down  a  man  and 
benumb  the  limb  affected,  in  the  most  painful 
manner,  for  several  hours  after  communicat- 
ing the  shock.  By  frequent  use  of  this  faculty 
it  becomes  impaired,  and  a  considerable  interval 
of  rest  is  required  to  recruit  its  electrical  prop- 
erties. According  to  Humboldt  the  natives  of 
South  America  make  use  of  horses  in  taking  the 
electric  eel.  The  animals  are  driven  in  a  body 
into  a  stream  or  pond  where  the  fishes  abound, 
and  the  latter,  having  exhaused  their  stores  of 
electricity  by  repeated  attacks  upon  them,  are 
then  easily  taken.  The  horses  are  sometimes  so 
severely  stunned  by  the  shocks  that  they  fall 
and  are  drowned.  Specimens  of  the  Electro- 
phorus  eUctricus  are  reported  to  attain  the 
length  of  six  or  seven  feet,  but  ordinarily  they 
are  about  three  and  one-half  or  four  feet  long. 
See  Electric  Fishes. 

ELECTRIC  EGG,  an  ellipsoidal  glass  ves- 
sel, with  metallic  caps  at  each  end,  wnich  may 
be  filled  with  a  feeble  violet  light  by  means  of 
an  electric  machine  acting  on  it  after  a  vacuum 
has  been  made  inside  the  glass. 

ELECTRIC  ELEVATORS.  See  Ele- 
vators. 

ELECTRIC  ESCAPEMENT,  a  device 
actuated  by  electric  impulse  which  intermittingly 
arrests  the  motion  of  the  escape-wheel  and  re- 
strains the  train  to  a  pulsative  motion  —  acting, 
in  fact,  in  the  place  of  a  pendulum. 

ELECTRIC  FARMING.  The  greatest 
agent  for  the  advancement  of  agriculture  is 
electricity.  It  is  the  emancipator  of  the  toiler. 
A  motor  of  even  diminutive  dimensions  accom- 
plishes more  work  than  a  man  —  at  less  ex- 
pense —  since  the  power  developed  by  the 
human  machine  is  the  most  expensive  that  man 
uses.  In  supplanting  manual  labor,  electricity 
has  a  most  appreciable  effect  upon  agriculture, 
due  to  the  fact  that  agriculture  requires  great 
labor  with  a  minimum  of  skill.  In  reducing 
manual  labor  by  the  use  of  electricity,  the  farm 
operatives,  with  the  exercise  of  but  little 
mechanical  knowledge,  may  direct  the  opera- 
tions of  numerous  large  electrical  units  and  ac- 
complish an  aggregate  of  work  that  would  be 
absolutely  impracticable  under  ordinary  condi- 
tions. 

In  the  installation  of  electricity  on  the  farm, 
it  is  necessary,  however,  that  the  farmer  — 


user  of  many  and  infinitely  varied  implements 
and  mechanical  devices  —  should  avail  himself 
of  the  co-operation  of  the  engineer;  taking  ad- 
vantage of  the  skill  and  experience  of  the  latter 
in  adapting  the  new  method  to  his  needs,  in 
order  to  increase  the  production  of  his  land. 
Rural  industry  in  general  must  look  to  the 
engineering  profession  more  and  more  for  the 
most  available  utilization  of  our  natural  re- 
sources through  the  medium  of  electrical  energy. 

Industrially  considered,  the  farm  is  a  large 
user  of  power,  but  the  sources  from  which  it  is 
derived  arc  at  present  uneconomic  and  inade- 
quate in  comparison  with  industrial  standards 
in  other  lines.  Of  the  33,000,000  persons  en- 
gaged in  gainful  occupations  in  the  United 
States,  not  less  than  10,000,000  devote  their 
energies  to  agriculture.  In  addition,  upward  of 
90  per  cent  of  all  the  horses  and  mules  in  this 
country  are  devoted  to  farm  labor.  The  sub- 
stitution of  electric  power,  therefore,  for  even 
a  small  proportion  of  the  work  of  farm  animals 
will  result  in  great  national  economy. 

There  is  no  form  of  service  that  can  sup- 
plant manual  and  animal  labor  on  the  farm  or 
country  estate  as  expeditiously  from  every 
standpoint,  considering  expense  and  conven- 
ience, as  electricity,  and  it  will  be  found  superior 
to  steam  or  to  any  internal  combustion  engine. 
In  fact,  there  is  no  other  existing  agent  that  is 
able  to  supply  the  three  necessities  —  light,  heat 
and  power — from  one  and  the  same  source. 
Due  to  this  fact,  hours  of  labor  on  the  farm  or 
in  rural  communities  may  be  regulated,  as  are 
those  of  the  manufacturing  and  commercial  in- 
dustries. In  consequence,  life  in  rural  com- 
munities may  be  made  attractive,  as  much  or 
more  so  than  that  of  the  cities,  where  the 
struggle  for  existence  is  incessant, .  and  living 
accommodations  —  or  what  corresponds  to 
home  life — fall  short  of  the  pleasant  and 
healthful  surroundings  of  the  countryside. 

The  giant  industries  of  the  country  are  of 
recent  origin  and  were  started  in  a  humble  way, 
but  they  now  surpass  any  branch  of  the  agrarian 
pursuits.  This  is  a  condition  readily  explained, 
due  to  the  employment  of  the  services  of  the 
trained  engineer  to  the  advantageous  upbuilding 
of  the  great  manufacturing  industries.  On  the 
other  hand,  farming  — the  oldest  of  all  indus- 
tries, and  the  most  basic  —  has  been  neglected, 
even  to  the  point  of  being  abandoned  in  many 
places. 

The  machines  and  implements  of  use  on  a 
farm  arc  manifold  —  ploughs,  rollers,  reapers, 
threshers,  corn  shelters  and  grinders,  shredders, 
fodder  cutlers,  wood  saws,  pumps,  horse  and 
sheep  clippers,  and  apparatus  for  unloading  and 
hoisting  hay,  corn  fodder  and  like  products. 
Another  phase  of  farm  life  in  which  a  great 
saving  of  labor  is  effected  by  the  use  of  electric- 
ity is  in  the  operation  of  washing  machinery, 
carpet  cleaners,  sewing  machines,  fans,  cooking 
and  laundry  appliances,  none  of  which  could 
well  be  served  by  any  other  agent  than  electric- 
ity. Besides  the  preceding  partial  enumeration 
of  the  possible  applications  of  electricity,  for 
power,  the  electric  energy  —  supplied  to  its 
motors  cither  from  an  outside  source  or  from 
its  own  central  plant  — may  be  used  for  light 
and  heat. 

Where  connection  cannot  be  made  with  a 
local  electric  distributing  concern,  the  farmer 
should  have  his  own  generating  station,  which 
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may  be  operated  by  water,  steam,  gas,  gasoline, 
oil  or  windmill  power.  Where  a  stream  runs 
through  a  farm,  or  is  in  the  neighborhood, 
cheap  power,  both  as  regards  first  cost  and 
operating  expenses,  may  be  derived  from  this 
natural  source. 

In  generating  the  current  by  steam  power, 
the  cost  per  kilowatt  hour  is  comparatively  high. 
Somewhat  better  results  may  be  obtained  with 
a  gas-producer  plant,  which,  instead  of  burning 
the  coal  in  a  steam  boiler  and  using  the  steam 
for  driving  the  engine,  burns  the  coal  gradually 
in  a  producer,  generating  gas  for  operating  the 
gas  engine. 

Gasoline,  oil  and  alcohol  engines  work  on 
the  same  principle  as  the  gas  engine,  as  all  are 
of  the  internal  combustion  type.  Great  strides 
have  been  made  during  the  past  decade  in  this 
type  of  engine,  so  that  it  operates  with  an 
economy  and  a  precision  that  requires  but  lit- 
tle attention. 

Another  source  of  energy  for  the  generation 
of  electric  current  for  farm  and  country  resi- 
dences is  the  windmill.  The  early  Dutch  wind- 
mills were  built  with  sweeps  of  from  50  to  100 
feet  in  diameter,  while  our  modern  American 
windmills  have  a  sweep  of  only  from  12  to  18 
feet,  but  generate  more  power  than  the  earlier 
type,  with  less  attention. 

All  of  the  above  primary  powers  may  be 
connected  to  the  electric  generators  by  belt, 
gearing  or  couplings,  and  their  control  may  be 
regulated  automatically,  so  that  they  require 
but  little  attention.  There  are,  of  course,  cer- 
tain matters  in  their  operation  that  experience 
has  shown  to  be  of  advantage.  For  instance, 
the  greatest  quantity  of  energy  being  required 
for  the  daytime,  and  the  load  for  illumination 
being  small  and  wanted  principally  in  the  even- 
ing, it  is  therefore  not  profitable  to  operate  the 
prime  movers  other  than  during  the  day.  The 
use  of  the  storage  battery  is  therefore  of  great 
service  in  supplying  electric  energy  at  periods 
of  small  demand,  when  the  generators  are  shut 
down.  In  connection  with  the  storage  battery, 
and  with  the  development  of  the  low-voltage 
Tungsten  lamps,  the  cost  and  size,  as  well  as 
the  maintenance  expense,  may  be  considerably 
reduced  by  proper  engineering. 

The  great  advantage,  in  which  lies  the  su- 
periority of  a  farm  operated  by  electricity,  is 
in  the  fact  that  the  farmer  has  at  all  times 
under  his  direct  control  the  entire  supply  of 
electric  energy  available,  whether  obtained  from 
a  public  service  enterprise  or  supplied  by  his 
individual  plant. 

Klectric  farming,  while  in  general  use  in 
Germany  for  the  past  20  years,  has  recently 
made  rapid  strides  in  the  United  States,  particu- 
larly in  the  West  and  on  the  Pacific  Coast, 
where  central  station  enterprises  encourage  the 
use  of  electricity  for  agricultural  purposes. 
There  are,  however,  to  be  found  in  the  State 
of  New  York  several  notable  water-power  in- 
stallations on  farms.  For  instance,  there  is  a 
100-acre  farm  near  Orisknny  Falls,  Oneida 
County,  N.  Y.,  devoted  to  hop  raising,  mixed 
(arming  and  dairying,  on  which  has  been  in- 
stalled a  17-horse-powcr  hvdro-cTectrir  plant, 
supplying  electricity  for  lighting  the  farm 
buildings  and  for  operating  various  electric 
motors.  The  power-dam,  of  timber-crib  con- 
struction, is  .V>  feet  lonir,  raising  the  water  four 
feet,  is  carried  on  heavy  concrete  sills  cast  in  a 


2X1.5- foot  ditch  dug  across  the  stream  bed.  A 
row  of  12-inch  flash-boards  held  erect  by  chains 
positioned  by  pins  removable  by  a  capstan, 
dropping  the  hoards  in  case  of  high  water,  is 
above  the  crest  of  the  dam.  There  is  also  pro- 
vided a  supplementary  40-foot  spillway,  its  crest 
being  slightly  higher  than  the  main  dam,  per- 
mitting the  discharge  during  heavy  floods  A 
60- foot  canal  and  forebay  lead  from  the  dam 
downstream  to  the  power-house,  where  a 
17-horsc-powcr  turbine  wheel  has  been  installed. 
The  latter,  by  means  of  belt  drive,  operates  a 
12.5  kilowatt  generator  at  1,100  revolutions  per 
minute.   The  power  house  is  12x16  feet  in  size. 

The  drainage  area  of  Oriskany  Creek  at  the 
point  utilized  by  this  plant  is  14  square  miles, 
ensuring  a  supply  of  water  the  year  round  suf- 
ficient to  drive  the  plant  at  full  load  under  the 
available  head  of  six  feet.  The  distance  from 
the  power  plant  to  the  tarm  buildings  is  1,700 
feet,  the  current  being  carried  on  an  aluminum 
wire  stretched  on  20-foot  poles,  100  feet  apart. 
From  the  power  generated,  practically  every  bit 
of  machinery  on  the  farm  is  operated,  compris- 
ing a  circular  saw,  machine  lathe  and  drill 
press,  vacuum  cleaning  system,  adapted  likewise 
for  the  operation  of  the  milking  machines  in 
the  25-stall  cow-house,  a  cream  separator, 
churn,  grindstone,  ventilating  and  cooling  fans, 
electric  iron,  sewing  machine  and  pump.  In 
addition,  besides  lighting  the  premises,  five  elec- 
tric heaters  are  operated,  maintaining  a  constant 
temperature  of  75°  throughout  the  winter.  En- 
gineering estimates  place  the  cost  of  the  entire 
equipment  at  about  $1,800 —  dam,  power-house, 
line  and  equipment  —  but  in  its  efficiency  it  is 
worth  many  times  this  sum. 

A  system  that  has  been  adopted  much  abroad 
is  the  installation  of  a  rural  central  station  capa- 
ble of  supplying  a  number  of  farms,  local  in- 
dustries and  country  estates  with  electric 
current.  This  may  be  supplied  with  power 
generated  by  steam,  water,  gasoline,  oil  or  gas, 
the  co-operative  feature  resulting  in  a  great  sav- 
ing in  the  production  of  electric  energy.  An 
example  of  the  service  supplied  by  a  single 
central  station  in  supplying  a  farming  com- 
munity may  be  seen  in  that  of  Lottin,  Germany. 
Here  a  water  power  of  300  horse  power  is 
utilized.  However,  during  certain  seasons  of 
the  year,  when  the  water  is  low,  a  steam  gen- 
erating set  of  180  horse  nower  is  put  into  use 
to  keep  up  the  service.  It  is  obvious  that  this 
supplemental  power  may  be  pressed  into  use 
at  any  time,  should  the  demand  for  power  ex- 
ceed the  capacity,  of  the  hydro-electric  station. 

The  distributing  system  of  the  Lottin  sta- 
tion is  82  miles  long.  The  electric  energy  is 
used  on  61  farms,  including  rural  industries, 
and  five  villages,  a  total  of  24.700  acres.  Alto- 
gether, 102  consumers  arc  served,  these  having 
some  150  motors  with  a  total  of  1,500  horse 
power,  the  lighting  equipment  comprising  4.850 
incandescent  and  20  arc  lamps.  In  one  year 
the  consumption  amounted  to  440,000  kilowatt 
hours.  There  are  50  farms,  with  an  acreage 
varying  from  60  to  1.800  acres  per  farm,  under 
cultivation  by  the  plough,  with  a  total  of  275 
horse  power  in  motors,  1,200  incandescent  lamps 
and  20  arc  lamps  Of  these  farms,  12  contain 
from  300  to  AO0  acres  each,  using  12  motors 
with  a  capacity  of  122  horse  power. 

In  order  to  give  in  concrete  form  the  amount 
of  electric  energy  necessary  on  a  farm,  the  fol- 
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lowing  figures  from  a  100-acrc  farm  arc  given. 
It  is  assumed  that  two-thirds  of  the  products 
are  of  a  stalk  nature,  and  that  the  live  stock 
consists  of  3  horses,  10  cows,  15  swine,  etc.  The 
figures  are  an  average,  taken  from  the  actual 
experience  of  a  number  of  farms.  It  is  also 
assumed  that  electric  energy  for  power  pur- 
poses is  5  cents  per  kilowatt  hour,  which  is 
a  reasonable  figure  for  current  used  for  power 
purposes  only,  when  purchased  from  a  public 
service  corporation. 

The  average  amount  of  water  consumed  on 
a  100-acrc  farm  is  as  follows:  for  the  house, 
for  each  person  per  day,  5  to  6  gallons ;  for 
cattle,  from  12  to  15  gallons  per  head;  for 
swine  and  sheep,  1  to  2y2  gallons.  For  pumping 
1.000  gallons  to  a  tank  elevated  35  tcet,  the 
power  necessary  is  about  one-eighth  kilowatt 
hour,  so  that  the  yearly  average  energy  for  3 
horses,  10  head  of  cattle  and  15  swine  is  about 

$*. 

For  a  threshing  machine  of  the  smaller  size, 
capable  in  10  hours  of  threshing,  cleaning  and 
sacking,  ready  for  the  market,  80  to  200  bushels, 
3  to  5  electric  horse  power  arc  required.  For 
machines  of  from  160  to  240  bushels  capacity, 
5  to  7  horse  power  arc  necessary ;  and  from  300 
to  800  bushels,  from  10  to  20  horse  power  arc 
required.  The  energy  required  for  the  various 
products  to  be  threshed  and  cleaned,  per  100 
bushels,  is,  for  rye,  25;  wheat,  22:  oats,  19; 
?nd  barley,  21  kilowatt  hours,  or  on  the  average, 
22  kilowatt  hours,  costing  $1,  which  is  at  the 
rate  of  $0,011  per  bushel.  If  hay-baling 
machines  are  attached  to  the  thresher,  from 
four  to  six  additional  horse  power  are  required. 

Fodder  cutters,  varying  from  one  to  two 
horse  power,  consume  1.8  kilowatt  hours  per  100 
pounds  of  fodder,  costing  1/16  cent  a  cut,  and 
as  10  head  of  cattle  consume  per  year  60,000 
pounds  of  cut  beets,  etc.,  the  total  cost  annually 
for  the  energy  used  to  operate  the  fodder  ma- 
chines is  50  cents  per  head. 

One  of  the  by-products  of  cotton-seed  or 
linsccd-oil  mills  is  sold  as  meal  or  as  cake,  and 
to  break  it  up  a  special  machine  is  necessary. 
Such  a  machine  often  has  a  capacity  of  from 
2,000  to  3,000  pounds  per  hour.  The  average 
amount  of  food  per  head  of  cattle  is  from  2 
to  3  pounds  per  day,  which  amounts,  for  10 
head,  to  about  9,000  pounds  per  year.  The  cost 
of  electric  energy  for  operating  this  machine  is 
25  cents  per  year  for  each  animal. 

As  the  cattle  are  fed  from  2  to  3  pounds  of 
crushed  grain  per  day  per  head,  anrl  as  there 
are  10  altogether  in  the  100-acre  supposition,  a 
motor-driven  grain-crusher  is  required,  capable 
of  crushing  some  9,000  pounds  per  year.  This 
might  be  prepared  at  one  operation  by  a  large 
mill,  but  for  the  purpose  at  hand  a  motor  vary- 
ing from  3  to  5  horse  power,  according  to  the 
size  of  the  mill  employed,  will  do  the  work 
conveniently.  To  grind  100  pounds  costs  $003 
for  the  energy  consumed,  or  for  the  9,000 
pounds,  $2.70  per  year. 

For  running  the  cream  separator,  a  small 
motor  of  about  one- fourth  horse  power  can 
operate  300  quarts  of  milk  per  hour,  consuming 
three-tenths  of  a  kilowatt  hour,  at  an  expense 
of  $0.01  'A.  As  the  average  production  for  10 
cows  is  amout  30,000  quarts  per  year,  the  yearly 
cost  of  operating  the  separator  is  51 .50. 

A  churn  for  200  quarts  of  milk,  assuming 
average  conditions,  requires  from  one- fourth  to 


one-half  horse  power,  as  also  docs  the  buttcr- 
kneadcr,  and  the  cost  is  negligible. 

A  washing-machine,  including  wringer,  op- 
erated by  a  one- fourth  horse  power  motor,  cost- 
ing complete  $165,  is  used  260  hours  per  year, 
or  some  5  hours  per  week.  As  other  work 
may  be  done  by  the  woman  operating  it,  her 
time  amounts  to  but  65  hours  during  the  year. 
The  machine  turns  out  three  washes  an  hour, 
and  the  total  expense  of  the  whole  780  washes 
is  $35.41.  This  includes  all  labor,  power  and 
every  expense,  including  overhead  charges,  and 
the  same  applies  to  the  figures  for  the  following 
machines. 

A  horsc-groomcr,  costing  $75,  operated  by  a 
one-horse  power  motor,  cleans  4  horses  in  36 
minutes.  It  is  used  328.5  hours  during  the  year, 
or  2,190  groomings,  and  requires  the  services  of 
but  one  man.  The  cost  amounts  to  $72.93,  or 
$0.03*/£  per  horse  per  grooming. 

A  cream-separator  having  a  capacity  of  1,350 
pounds  per  hour  is  operated  by  a  \Vi  horse- 
power motor,  and  costs  complete  $350.  It  is 
used  183  hours  during  the  year,  separating 
237,900  pounds  of  milk  at  a  cost  of  $88,  or 
$0,037  per  100  pounds. 

A  butter  churn  having  a  volume  of  300  gal- 
lons and  a  capacity  of  100  gallons  per  churning, 
operated  by  a  2-horsc-powcr  motor,  cost  $11850. 
It  is  operated  88  hours  per  year,  churning  15,000 
pounds  of  butter  at  a  cost  of  $3660,  or  $0,002 
per  pound.  This  includes  churning,  washing 
and  working  the  butter  ready  for  packing. 

A  root-cutter  with  a  capacity  of  6  tons  of 
turnips  an  hour  costs  $26.30,  and  is  operated 
by  a  2-horse-power  motor  costing  $86.  It  is 
used  52  hours  per  year,  principally  during  the 
winter  months,  cutting  300  tons  of  beets  and 
turnips  at  a  cost  of  $35.94,  or  $0,119  per  ton. 

A  fodder-cutter,  having  a  capacity  of  3 
tons  per  hour  of  dry  fodder,  costs  $128.10,  and 
is  operated  by  a  10-horse-powcr  motor  costing 
$118.50.  The  outfit  is  used  88.70  hours  per 
year,  and  will  cut  180  tons  of  fodder  at  a  cost 
of  $54.85,  with  one  operative,  at  a  cost  of  $0.30 
per  ton. 

One  of  the  means  by  which  the  farmer  may 
secure  his  electricity  at  a  low  rate  is  to  make 
his  consumption  as  nearly  uniform  as  possible 
during  the  whole  24  hours.  The  cost  of  elec- 
tricity is  based  on  the  cost  of  fuel  or  water 
power,  attendance  and  the  amount  of  capital 
invested  in  the  installation,  including  generators 
and  transmission  system.  It  will  be  seen  that  if 
all  the  farmers  on  a  line  demand  electricity 
during  the  same  few  hours  of  each  day,  larger 
and  more  expensive  machinery  must  be  installed 
for  its  generation  than  would  be  necessary  if 
the  requirements  for  the  same  amount  of  elec- 
tricity were  spread  over  a  greater  part  of  the 
day. 

Consequently,  by  using  power  for  food-chop- 
ping, meat-grinding,  dairy  purposes,  wood-saw- 
ing, cooking,  washing  and  general  purposes 
during  certain  hours  of  the  day,  light  for  morn- 
ing and  evening,  and  pumping  water  for  irriga- 
tion and  the  household  during  the  night,  the 
farmer  may,  under  the  direction  of  a  central 
station,  so  consume  his  electricity  that  it  may 
be  generated  at  the  lowest  cost  possible. 

It  is  the  custom  of  the  central  station  concerns 
to  deliver  electricity  to  the  consumer's  premises, 
where  usually  the  user  installs  his  own  dis- 
tributing system  through  his  house,  barns,  etc.. 
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inasmuch  as  the  majority  of  farmers  can  as 
a  rule  afford  to  buy  their  own  machinery,  par- 
ticularly the  smaller  sizes.  In  the  case  of  large 
installations,  however,  a  number  of  methods 
may  be  availed  of  to  secure  the  benefits  of  such 
machinery  without  its  outright  purchase,  usually 
through  the  co-operation  with  the  central  station 
concern.  Many  such  enterprises  are  only  too 
willing  to  furnish  electric  motors,  and  make 
wire  installation  on  the  farm  premises  —  for 
both  light  and  power  —  at  a  small  yearly  rental 
or  on  low  instalment  payments.  In  consequence, 
the  farmer  may  have  the  cost  of  his  machinery 
spread  out  over  a  number  of  years,  the  saving 
effected  in  both  manual  and  animal  labor  being 
far  more  than  sufficient  to  pay  for  the  invest- 
ment. He  will  eventually  become  the  owner 
of  the  equipment,  the  while  making  a  handsome 
profit  through  its  use.  It  has  already  been 
demonstrated  that  farm  efficiency  can  be  ac- 
complished in  no  way  more  advantageously  than 
through  the  extension  of  the  use  of  electricity 
on  the  farm. 

ELECTRIC  FIELD,  any  space  wherein 
electric  force  exists.    See  Electricity. 

ELECTRIC  FIRE-ALARM.  Sec  Elec- 
tric Signaling. 

ELECTRIC  FISHES,  several  quite  un- 
related fishes  which  possess  the  extraordinary 
property  of  communicating  an  electric  shock  to 
animals  with  which  they  come  in  contact.  The 
organs  which  arc  the  source  of  this  power  have 
been  much  studied  by  both  anatomists  and 
physiologists.  They  arc  in  all  cases  —  with  the 
possible  exception  of  Malapterusus  —  formed  by 
the  modification  of  muscular  tissue,  and  consist 
of  a  mass  of  numerous  closely  packed  prisms, 
each  divided  into  a  series  of  compartments 
filled  with  a  gelatinous  substance.  One  surface 
of  the  fibrous  discs  thus  formed  receives  a 
rich  nerve  supply  and  is  electrically  negative, 
the  opposite  surface  being  positive.  The  entire 
organ  may  therefore  be  likened  to  a  group  of 
voltaic  piles.  Among  the  IHasmobranchii 
(q.v.),  many  of  the  skates  possess  rudimentary 
electric  organs,  which  reach  a  high  degree  of 
development  in  the  torpedo  and  an  allied 
genus  (Hyfinos).  In  these  two  genera  the 
organs  occupy  a  large  area  on  each  side  of 
the  head  ana  the  prisms  arc  arranged  ver- 
tically and  are  supplied  by  large  nerves,  four 
pairs  of  which  arise  from  a  special  electrical 
lobe  of  the  hinder  part  of  the  brain,  while  a 
fifth  is  a  branch  of  the  trigeminal.  In  the  elec- 
trical catfish  (Ma'apterusus  electricus)  of  the 
Nile,  and  some  allied  species,  the  entire  body  is 
enveloped  by  an  electric  layer  beneath  the 
skin  and  the  muscles.  In  the  electric  eel  (q.v.) 
and  all  other  electrical  fishes  the  organ  is  placed 
by  the  side  of  the  tail  and  the  prisms  are  dis- 
posed longitudinally.  Not  alone  in  structure  but 
in  the  phenomena  of  rest  and  activity  these  or- 
gans bear  a  striking  resemblance  to  muscles, 
which  also  normally  exhibit  weak  electrical 
currents. 

ELECTRIC  FLUID  THEORY.  To  ex- 
plain electrical  phenomena  this  theory  was  pro- 
pounded in  1759  by  Du  Fay  and  Symmcr.  The 
"theory  of  electric  fluids as  it  is  called,  is  as 
follows:  That  every  body  contains  an  indefi- 
nite quantity  of  an  imponderable  subtle  fluid. 
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that  this  fluid  is  composed  of  two  fluids  which 
are  self-repulsive  but  mutually  attractive.  When 
a  body  is  in  its  natural  state,  the  two  fluids  are 
in  combination,  and  neutralize  each  other.  The 
act  of  electrification  consists  in  the  forcible 
separation  of  the  two  fluids,  whereby  one  is 
diffused  over  the  body  rubbed  and  the  other 
over  the  rubber,  one  land  of  electricity  never 
appearing  without  an  equal  quantity  of  the 
other.  This  theory,  however,  must  be  regarded 
as  a  mere  provisional  conception,  and  not  a 
proved  scientific  truth.    See  Electricity. 

ELECTRIC  FURNACES.  These  furnaces 
are  devices  for  localizing  the  heat  of  an  elec- 
tric circuit  and  utilizing  it.  In  the  usual  tech- 
nical use  of  the  term  it  signifies  a  device  or 
receptacle  in  which  a  comparatively  high  tem- 
perature is  developed  for  the  purpose  of  effect- 
ing a  chemical  reaction  or  producing  a  change 
of  state  in  the  substance  to  be  treated,  such,  for 
instance,  as  the  reduction  of  an  ore,  the  forma- 
tion or  disruption  of  a  compound,  or  the  fusion 
or  volatilization  of  a  metal  or  compound.  Elec- 
tric furnaces  comprise  means  for  developing  the 
necessary  heat  at  the  point  or  points  desired, 
and  for  subjecting  the  material  to  be  treated, 
technically  known  as  the  "charge,"  to  the  influ- 
ence of  this  heat.  The  several  types  or  classes 
of  electric  furnace  will  be  briefly  described  ac- 
cording to  the  principles  employed.  The  heat 
development  in  any  given  portion  of  a  circuit 
is  proportionate  to  the  resistance  offered  to  the 
passage  of  the  current ;  hence  those  portions  of 
the  circuit  external  to  the  furnace  proper  arc 
always  composed  of  metals  which  conduct  the 
current  well,  and  generally  of  copper  or  alumi- 
num, whereas  the  resistance  of  those  portions 
of  the  circuit  in  which  the  heat  is  to  be  localized 
is  relatively  high.  These  latter  portions  of  the 
circuit  may  consist  of  gases,  in  which  case  an 
arc  is  formed  and  the  localization  of  the  heat 
is  extreme;  of  substances  of  high  melting  and 
boiling  points,  in  a  state  of  fusion,  when  an 
electrolytic  effect,  to  be  hereinafter  more  fully 
referred  to.  usually  supervenes;  or  of  solids, 
such  as  platinum  and  other  difficultly  fusible 
metals,  carbon,  graphite  and  carbonaceous  mix- 
tures, or  such  bodies  as  the  oxides  of  the  alka- 
line earths  wh'ch  become  conductive  when 
heated.  These  three  classes  of  furnace,  wherein 
the  heat  is  localized  in  a  gas,  a  liquid  and  a 
solid,  respectively,  may  be  conveniently  desig- 
nated by  the  terms  arc  furnace,  electrolytic 
furnace  and  incandescent  furnace,  although  as 
will  appear  it  is  not  always  easy  to  apply  one  or 
another  of  these  names  to  the  actual  construc- 
tions. Although  electrically  developed  heat  is 
relatively  costly,  the  fact  that  it  can  be  locally 
applied,  within  the  interior  of  the  charge  if  so 
desired,  is  an  important  advantage,  and  the 
utilization  of  the  heat  is  often  so  complete  that 
its  use  represents  a  real  economy.  The  heat 
lost  is  that  which  is  carried  from  the  furnace 
by  the  escaping  products  of  the  reaction,  and 
that  which  is  conveyed  by  radiation,  convection 
or  conduction,  from  the  walls,  the  electrodes 
and  other  exposed  portions  of  the  structure. 
Inasmuch  as  the  exposed  surfaces  of  a  furnace 
.ire  roughly  proportionate  to  the  square  of  its 
dimensions,  whereas  its  capacity  varies  as  the 
cube,  it  is  evident  that,  other  things  being  equal, 
the  larger  the  furnace  the  less  will  be  the 
percentage  of  total  heat  which  is  lost  and  the 
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greater  will  be  the  efficiency.  This  indicates  the 
employment  of  large  units.  It  is  always  pos- 
sible to  reduce  the  expenditure  of  electrical 
energy  by  making  use  of  heat  otherwise  gen-  ' 
crated,  such  heat  being  employed  for  raising  the 
temperature  of  the  charge  previous  to  its  intro- 
duction into  the  electrically  heated  zone,  or  for 
heating  the  exposed  surfaces  of  the  furnace 
structure  in  order  to  check  conduction  from 
within.  Furnaces  in  which  chemical  reactions 
are  conducted,  as,  for  instance,  those  in  which 
calcium  carbide  is  produced,  often  yield  gaseous 
products  which  are  not  only  themselves  very 
highly  heated,  but  are  capable,  by  combustion, 
of  further  heat  development.  It  has  frequently 
been  proposed  to  utilize  this  heat  by  conducting 
such  gases  through  or  around  the  incoming 
charge  or  by  burning  them  in  flues  surrounding 
the  furnace,  but  the  greater  complexity  of  the 
structure  and  the  difficulty  of  purifyinK  the 
large  volume  of  dust-laden  gas  constitute  prac- 
tical difficulties  of  a  serious  nature. 

The  Arc  Furnace.—  When  an  electric  arc  is 
formed  in  air  between  carbon  terminals  there 
is  observed  to  be  a  definite  limit  to  the  length 
of  arc  which  can  be  maintained  with  a  given 
current  strength;  furthermore  this  limit,  which 
at  first  increases  almost  in  proportion  to  the 
current  strength,  increases  very  slowly  as  the 
current  density  reaches  higher  values.  The 
maximum  length  of  the  arc  is  therefore  limited. 
The  temperature  of  the  carbon  terminals  may 
attain  3,500°  C,  at  about  wliich  point,  under 
atmospheric  pressure,  carbon  volatilizes.  The 
temperature  of  the  incandescent  gases  of  the 
arc  is  perhaps  a  thousand  degrees  higher.  It 
follows  that  the  arc  furnace,  in  its  simplest 
form,  is  adapted  particularly  for  subjecting 
small  charges  to  extremely  high  temperatures, 
and  its  value  for  experimental  work  is  apparent. 
For  use  upon  a  commercial  scale  it  is  generally 
necessary  so  to  distribute  the  heat  from  the  arc 
that  a  comparatively  large  body  of  the  charge 
may  be  acted  upon  at  a  given  time.  This  result 
may  be  accomplished  by  establishing  a  plurality 
of  arcs  in  adjacent  portions  of  the  charge,  by 
exposing  the  charge  to  the  heat  radiated  from 
one  or  several  arcs  not  in  contact  with  it,  by 
causing  the  arc  to  move  relatively  to  the  charge, 
or  by  moving  the  charge  through  or  past  the 
arc.  The  temperature  of  that  portion  of  a 
charge  which  is  in  immediate  contact  with  an 
arc  may  be  practically  that  of  the  arc  itself  and 
is  uncontrolled;  the  operations  for  which  this 
method  of  procedure  is  suitable  and  economical 
are  relatively  few-  The  high  temperatures 
which  the  electric  furnace  is  capable  of  produc- 
ing have  opened  a  new  field  to  chemistry,  but 
in  order  to  insure  the  formation,  in  theoretical 
quantity  and  in  a  state  of  purity,  of  many  com- 
pounds, a  careful  regulation  of  the  temperature 
is  essential ;  for  the  highest  attainable  tempera- 
tures are  capable  not  only  of  giving  rise  to  new 
combinations  but  also  of  breaking  them  down, 
resolving  them  into  similar  bodies  or  even  into 
their  elements.  A  single  instance  of  the  import- 
ance of  heat  regulation  may  be  offered :  If  a 
mixture  of  sand  and  coke  be  cautiously  heated 
in  an  electric  resistance  furnace  a  partial  reduc- 
tion of  the  sand  occurs,  and  a  product  contain- 
ing silicon  oxygen  and  carbon  and  known  as 
•siloxicon*  is  formed ;  at  a  somewhat  higher 
temperature  the  reduction  is  complete  and  there 
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results  an  amorphous  body  having  the  essential 
composition  of  carbid  of  silicon  and  technically 
called  "white  stuff";  at  somewhat  higher  tem- 
perature ranges  this  amorphous  body  passes 
into  the  crystalline  carbid  of  silicon  "carborun- 
dum," a  compound  approximating  in  hardness 
the  diamond  itself;  and  at  still  higher  tempera- 
tures, approximating  those  of  the  arc,  this  car- 
borundum is  broken  down,  its  silicon  escapes  as 
a  vapor,  and  its  carbon  remains  in  the  form  of 
graphite  The  effect  of  high  temperatures  upon 
reactions  is  twofold:  in  the  first  place  the 
velocity  of  the  reaction  is  increased,  so  that 
chemical  changes  which  at  lower  temperatures 
occur  slowly  or  not  at  all  take  place  rapidly  or 
even  with  explosive  violence ;  in  the  second 
place  new  conditions  of  equilibrium  are  estab- 
lished, and  the  chemical  elements,  entering  into 
that  combination  which,  under  the  circum- 
stances, is  the  most  stable,  sometimes  give  rise 
to  compounds  not  before  known.  To  produce 
a  given  result,  however,  it  is  usually  necessary 
to  work  within  definite  temperature  limits,  and 
since  the  heat  of  the  arc  cannot  well  be  con- 
trolled, it  is  necessary  to  govern  the  tempera- 
ture of  the  charge  by  limiting  the  duration  of 
its  exposure  to  this  heat.  As  above  pointed 
out,  this  may  be  accomplished  by  moving  the 
arc  through  or  near  the  charge  or  by  moving 
the  charge  through  or  past  the  arc,  the  duration 
of  contact  being  so  adjusted  to  the  quantity  of 
charge  and  to  its  specific  heat  as  to  brinR  it  to 
the  desired  temperature  As  a  rule,  however, 
the  arc  as  a  source  of  heat  is  both  wasteful  and 
inefficient. 

The  Electrolytic  Furnace. — When  a  direct 
current  of  sufficient  volume  is  caused  to  pass 
through  a  molten  salt  not  only  will  the  salt  be 
maintained  in  fusion  by  the  heat  developed  by 
its  own  resistance,  but  it  will  be  "clcctrolyzed,* 
that  is  to  say,  it  will  be  decomposed  in  such 
manner  that  one  of  its  component  parts,  which 
may  be  a  metal,  will  tend  to  accumulate  at  one 
electrode,  while  another  component,  which  was 
before  in  combination  with  the  metal,  will  ap- 
pear at  the  other  electrode  The  electrode  at 
which  the  current  is  assumed  to  enter  the 
molten  bath,  and  at  which  the  negative  or  non- 
metallic  portion  of  the  compound  appears,  is 
called  the  aanode,B  while  the  other  electrode, 
which  receives  the  positive  or  metallic  element 
and  at  which  the  current  is  considered  to  leave 
the  bath,  is  designated  the  "cathode*  Thus  if 
common  salt,  sodium  chloride,  be  fused  and 
traversed  by  a  direct  current,  the  negative  ele- 
ment chlorine  will  appear  at  the  anode  and  the 
metal  sodium  at  the  cathode.  If  the  substance 
of  either  electrode  be  such  that  the  clement 
liberated  in  contact  with  it  can  combine  with  or 
dissolve  in  it,  the  corresponding  compound  or 
solution  will  be  formed:  If,  for  instance,  the 
fused  sodium  chloride  be  elcctrolyzed  with  an 
anode  of  carbon  and  a  cathode  of  molten  lead, 
chlorine  will  be  evolved  at  the  anode  and  escape 
from  the  bath,  while  sodium,  dissolving  in  the 
lead,  will  yield  an  alloy  from  which  the  metal 
sodium,  or  its  hydroxide  caustic  soda,  may  be 
obtained.  In  electrolytic  furnaces  also  it  is 
essential  carefully  to  regulate  the  temperature, 
not  only  because  an  unnecessary  high  tempera- 
ture means  a  waste  of  energy,  but  because  of 
losses  arising  through  volatilization  of  the  bath 
and  the  recombination  of  the  separated  prod- 
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ucts  of  the  electrolysis.  So  important  is  this 
last  factor  that  in  certain  cases,  as,  for  instance, 
in  the  separation  of  metallic  sodium  from 
molten  caustic  soda,  it  is  absolutely  essential  to 
the  success  of  the  process  that  the  temperature 
be  maintained  within  limits  of  a  few  degrees 
only. 

The  Incandescent  Furnace.— This  term  is 
commonly  applied  to  those  furnaces  wherein  the 
heat  is  developed  by  the  passage  of  the  current 
through  a  body  which  initially  at  least  is  solid. 
Such  body  may  comprise  a  rod  or  core  of  car- 
bon or  corbonaceous  mixture ;  a  granular  bed 
or  core  consisting  of  fragments  of  coke,  retort 
carbon  or  graphite;  the  charge  itself,  often 
admixed  with  a  quantity  of  carbon  sufficient  for 
its  reduction;  the  furnace  product  when  this  is 
conductive  and  possesses  a  Nolatilizing  point 
sufliciently  high  to  permit  the  necessary  tem- 
perature to  be  attained ;  or  a  pyroelcctrolyte, 
that  is  to  say,  an  oxide  or  mixture  of  oxides 
which  is  normally  non-conductive  or  substan- 
tially so,  but  which  while  remaining  unfuscd 
becomes  capable  at  temperatures  considerably 
above  the  normal  of  carrying  the  current.  Each 
of  these  resistance  materials  possesses  its  ad- 
vantages for  particular  lines  of  work,  but  ail 
have  in  common  the  advantage  of  permitting 
accurate  and  ready  adjustment  of  the  tempera- 
ture by  varying  the  amount  of  current  passing. 
These  incandescent  furnaces  have,  therefore, 
the  widest  applicability,  and  in  case  the  resist- 
ance material  used  is  carbon  the  maximum  tem- 
perature attainable  is  probably  not  inferior  to 
that  of  the  terminals  of  the  electric  arc.  The 
above  defined  types  are  not  always  sharply  dis- 
tinct, but  under  certain  conditions  the  operation 
proceeds  under  two  or  perhaps  all  three  of  the 
methods.  Thus  if  the  resistance  consists  of 
fragments  of  carbon,  the  current  may  traverse 
the  interspaces  in  the  form  of  minute  arcs ; 
and  if  this  fragmentary  carbon  be  commingled 
with  a  suitable  ore  or  compound  there  may  be 
present  also  an  electrolytic  effect;  the  primary 
fusion  of  an  electrolyte  is  often  accomplished 
by  means  of  a  resistance  rod  connecting  the 
electrodes,  or  this  fusion  may  be  accomplished 
by  the  arc.  Furthermore  a  Riven  furnace  struc- 
ture is  often  capable  of  either  mode  of  opera- 
tion according  to  the  character  of  the  charge 
and  the  adjustment  of  the  electrodes  with  refer- 
ence thereto.  The  most  important  as  well  as 
the  most  characteristic  applications  of  the  elec- 
tric furnace  have  relation  to  certain  elements 
and  compounds  which  cannot  be  produced 
directly,  if  at  all,  by  other  means.  Sec  Electro- 
chemistry;   ELECTROCHEMICAL  INDUSTRIES. 

Commercial  Furnaces. —  The  carborundum 
furnace  employs  a  continuous  core  of  coke  be- 
tween the  electrodes  This  core  of  broken  coke 
constitutes  the  resistance,  and  a  high  tempera- 
ture is  obtainable.  The  -material  for  making 
the  carborundum  is  finely  divided  coke,  sand 
atid  sawdust.  These  being  packed  around  the 
core,  the  current  is  turned  on  at  about  200  volts 
pressure,  and  when  the  furnace  heats  this  may 
be  reduced  to  lc«s  than  half  the  voltage.  The 
coke  core  changes  to  graphite  and  the  mixture 
into  crystalline  silicon  carbide  in  from  30  to  36 
hours  The  great  Arheson  carborundum  fur- 
naces at  Niagara  Falls  are  over  15  feet  long, 
and  42  feet  cross  section  For  electrodes  car- 
bon rods  two  feet  lonu  and  three  inches  diameter 
arc  grouped  in  bundles  of  60     The  resisting 
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core  of  coke  is  nine  feet  long  and  two  thick. 
About  1,000  horse  power  are  required  to  run  such 
a  furnace,  and  the  product  is  about  one-quarter 
pound  of  carborundum  per  kilowatt  hour. 
There  is  a  considerable  by-product  of  graphite, 
and  the  principle  of  this  furnace  is  made  use  of 
in  the  manufacture  of  graphite,  for  which  there 
is  an  increasing  demand. 

For  the  manufacture  of  calcium  carbide, 
furnaces  with  carbon  electrodes  are  employed, 
or  sometimes  one  of  the  electrodes  is  of  metal. 
One  electrode  mav  be  formed  of  a  mixture  of 
broken  coke  and  lime  in  a  crucible,  while  a  car- 
bon or  a  set  of  connected  carbon  rods  may 
constitute  the  other  electrode.  Alternating  cur- 
rent is  usually  employed.  An  arc  being  formed, 
the  lime  begins  to  give  off  oxygen,  which  com- 
bines with  some  of  the  carbon,  forming  carbon 
monoxide,  which  gasifies  and  passes  away,  leav- 
ing the  pure  calcium  to  unite  with  the  remain- 
ing carbon  as  calcium  carbide.  A  temperature 
of  about  2,000°  C.  is  desirable  for  the  process, 
though  calcium  carbide  can  be  formed  at  a 
considerably  lower  heat.  The  King  furnace 
is  described  under  Electrochemical  Indus- 
tries. 

A  similar  type  of  furnace  answers  for  the 
manufacture  of  phosphorus;  the  materials  sup- 
plied are  phosphoric  acid  and  coke.  The  phos- 
phorus comes  out  as  a  vapor  and  is  caught  in  a 
flue  and  condensed.  Both  calcium  carbide  and 
phosphorus  may  be  made  continuously,  by  pro- 
viding means  for  feeding  the  furnace  with  new 
material  and  carrying  off  the  product. 

In  the  aluminum  furnace  a  continuous  cur- 
rent is  employed,  the  positive  electrode  being  at 
the  top,  so  that  the  current  may  pass  downward 
through  the  fused  mass  to  the  negative  elec- 
trode, which  may  be  of  either  iron  or  carbon. 
The  liquid  is  thus  elcctrolyzed  on  the  wet  prin- 
ciple. The  metallic  oxide  alumina  is  fed  into 
a  fused  mass  of  fluoride  of  aluminum  and 
sodium  (cryolite,  Na,  A1F,),  the  fluoride  being 
elcctrolyzed.  The  oxygen  uniting  with  carbon 
at  the  negative  electrode  the  metal  collects  at 
the  bottom,  and  may  be  drawn  off  through  a 
tap-hole,  the  process  being  continuous.  Over 
150,000.000  pounds  of  aluminum  arc  annually 
produced  by  electrical  furnaces  in  the  United 
Stales,  and  large  factories  have  recently  been 
built  at  Whitney,  N.  C. 

The  electric  furnace  has  been  tried  for 
smelting  a  great  variety  of  ores,  with  many  in- 
teresting results.  Several  concerns  announce 
success  in  smelting  zinc  ores  in  the  electric  fur- 
nace, one  being  at  Keokuk,  Iowa,  where  there 
is  cheap  hydroelectric  power.  It  is  practically 
certain  that  within  a  few  years  there  will  be 
considerable  electrolytic  smelting  in  localities 
where  electricity  is  obtainable  in  large  quantity 
at  low  co^t. 

The  smelting  of  iron  ores  in  an  electric  fur- 
nace was  begun  in  Italy,  where  Captain  Stassano 
patented  a  furnace  in  1808,  and  by  1000  ferro- 
alloys were  being  produced  commercially,  and 
to-day  ferro-alloys  are  generally  and  preferably 
made  in  electric  furnaces,  of  which  114  were 
known  to  be  in  operation  and  30  building  in 
different  countries  just  before  the  European 
war  of  1014.  Of  these  14  were  in  the  United 
States,  and  the  majority  in  Germany.  Austria, 
France  and  Sweden  These  electric  furnaces 
do  not  pretend  to  rompcte  with  the  great  blast 
furnaces  in  cheap  production  of  iron  and  steel, 
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but  their  product  is  superior  in  the  case  of 
alloys  of  known  exact  percentage,  and  the  de- 
mand for  such  steels  being  constant  and  increas- 
ing, the  future  of  the  electric  furnace  is  assured. 
As  the  cost  of  electrolytic  iron  becomes  lowered 
there  is  a  tendency  to  introduce  the  furnaces 
for  commercial  iron  in  regions  where  coal  is 
scarce,  as  in  California.  There  are  large  de- 
posit* of  iron  ore  in  Southern  California  which 
arc  liable  to  become  of  commercial  importance 
when  electrolytic  reduction  is  better  developed, 
as  they  have  the  advantages  of  cheap  oil  as  a 
reducing  agent. 

The  first  electric  iron-making  furnace  at 
Shasta.  Cal.,  was  completed  in  1907,  being  of 
the  Heroult  type,  1,500  kilowatt,  three-phase  re- 
duction furnace.  It  had  to  be  rebuilt  and 
rebuilt  again,  and  was  not  deemed  a  commercial 
until  1911.    The  furnace  proper  is  a 


well-burned  lime  and  \-{A  pounds  of 
With  coke  at  $6  a  ton  and  power  at  $16  a  kilo- 
watt year,  the  cost  of  these  items  and  for  con- 
sumed electrodes  is  $6.87  per  ton  of  pig  iron 
product. 

New  electric  furnaces  under  construction 
have  an  average  capacity  of  4l/i  tons.  A  23- 
ton  furnace  and  another  of  22  tons  were  com- 
pleted at  Bruckhauseu,  Germany,  just  before 
the  war  broke  out.  In  1911  Germany  produced 
over  60,000  tons  of  electrolytic  iron  or  almost 
as  much  as  all  other  countries  combined.  The 
United  States  production  is  now  (1916)  nearly 
as  large.  The  Heroult  furnace,  developed  in 
France,  is  the  most  popular  type  and  is  used  in 
California,  South  Chicago,  Worcester  and 
other  places  in  the  United  States.  The  first 
Swedish  furnace  was  the  Kjcllin,  which  was 
superseded  by  the  Kochling-Rodenhauser,  and 


Arrangement  of  electric-furnace  stcci  plant.  Oberhauscn,  Germany. 


steel  shell  27  feet  long,  13  wide  and  12  high. 
The  bottom  slopes  toward  the  tap-hole  which  is 
centrally  placed  in  front.  There  are  five  24-inch 
stacks,  extending  15  feet  above  the  roof.  Cylin- 
drical graphite  electrodes  are  used  one  foot  in 
diameter  and  four  feet  long.  They  last  about 
30  days,  but  the  working  is  made  continuous 
by  fastening  a  new  one  to  the  stump  of  the  one 
partially  consumed.  Three  service  transformers 
supply  three-phase  current  at  40  to  80  volts  to 
the  electrodes.  They  arc  each  750  kilowatts,  and 
are  water-cooled  and  oil-immersed.  The  metal 
is  drawn  off  three  times  in  every  24  hours.  It 
is  not  necessary  to  shut  off  the  current  during 
the  charging,  so  the  operation  is  continuous. 
The  charging  is  done  by  cars,  running  to  a  plat- 
form at  the  level  of  the  top  of  the  shafts.  A 
normal  charge  is  500  pounds  of  magnetite  iron 
ore,  140  pounds  of  charcoal.  3'/i  pounds  of 


is  especially  adapted  to  refining  molten  metal. 
It  is  built  in  sizes  up  to  15  tons  capacity,  some- 
thing like  a  great  steel  converter,  having  an 
enormous  steel  tank,  mounted  on  rollers  and 
tipped  sideways  for  pouring.  One  of  these  has 
been  installed  at  I^andstown,  Pa.,  and  uses  300 
kilowatts,  furnished  by  a  25-cyclc  current  at  480 
volts. 

The  success  of  the  electric  furnace  in  the 
iron  and  steel  industry  is  due  to  the  fact  that 
the  product  of  these  furnaces  L*  much  purer 
than  the  blast  furnace,  and  this  notwithstand- 
ing the  blast  furnace  product  has  been  vastly 
improved  in  purity.  Pure  iron  is  essential  to 
making  alloy  steels  with  a  known  percentage 
of  this  or  that  other  metal,  required  for  pro- 
ducing certain  results.  For  further  details  con- 
sult *FJectric  Furnaces  for  Making  Iron  and 
Steel, >  issued  by  the  Bureau  of  Mines. 
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ELECTRIC  GAS-LIGHTING  — ELECTRIC  LIGHTING 


ELECTRIC  GAS-LIGHTING,  a  method 
of  igniting  illuminating  gas  by  which  one  or  a 
large  number  of  jets  may  be  lighted  simultane- 
ously by  an  electric  spark.    In  the  figure  a  sim- 
ple form  of  electric  gas  lighter  is  shown.  A 
metal  tongue  /,  insulated 
from  the  burner,  is  sup- 
^flrj  ported  near  the  tip  as  in- 

^=-*>    ~^mW  dicatcd.     A    metal  rod 

j  W  \  £L      carried  on  suitable  levers 

•JB^— ~tx^r^^    brushes  across  the  tongue 
m      W*^%mL     *  when  the  knob  k  is 
ja  Wtj^^    pulled  down,  thereby  clos- 
Yffi^    I    ing   and   opening,   as  it 
I  \        I    ^ocs  so>  an  c'rctnc  circuit 
R  Jb*  which  includes  the  rod  r, 
W  tongue  /,  battery  b,  of  two 
or  three  dry  cells,  and  a 
spark  coil  m,  consisting  of  a  bundle  of  iron 
wires  surrounded  by  a  coil  of  copper  wire.  At 
the  reopening  of  the  circuit  a  spark  occurs  at 
tongue  /  igniting  the  gas.    For  lighting  the  gas 
jets  in  large  halls  an  electric  circuit  is  carried 
from  one  jet  to  the  next  and  two  terminals  of 
the  circuit  are  upheld  over  the  gas  tip.  The 
spark  jumps  across  from  one  terminal  to  the 
other  when  the  spark  coil  or  static  machine  is 
operated,  thereby  igniting  all  the  jets  in  the  cir- 
cuit.   In  this  arrangement  the  terminals  of  the 
circuit  are  arranged  in  multiple. 

ELECTRIC  GENERATOR.  See  Elec- 
tric Machine;  Electric  Alternating  Current 
Machinery;  Electric  Direct  Current. 

ELECTRIC  HEATER.  If  a  wire  of  more 
or  less  resistance  is  wound  on  a  frame,  and  a 
current  sent  through,  the  resistance  encountered 
by  the  current  develops  heat,  and  this  is  the 
principle  of  the  electric  heater.  The  hot  wire 
or  metal  is  surrounded  by  some  non-inflam- 
mable substance  that  is  a  good  conductor  of 
heat,  as  porcelain.  In  a  well-known  type  a 
metallic  paint  is  fired  upon  mica  strips,  which 
are  formed  into  groups  or  sets,  so  that  a 
heater  can  be  built  up  of  any  size  from  these 
units.  For  heating  an  electric  car  some  six 
sets  of  conducting  wires  are  coiled  around 
porcelain  tubes,  the  current  being  supplied  with 
the  motor.  The  cost  is  stated  at  about  60  cents 
a  car  per  day.  The  method  of  heating  is  waste- 
ful where  the  source  of  heat  is  coal,  and  it 
cannot  be  generally  substituted  for  house  heat- 
ing; but  it  is  excellently  adapted  for  small  in- 
dividual heaters,  where  the  cost  is  less  import- 
ant than  the  convenience,  as  for  flatirons,  ket- 
tles, saucepans,  dinner  plates,  soldering  tools, 
toasters,  dishwashers  and  cookers.  The  indus- 
try of  manufacturing  such  small  heaters  already 
runs  into  several  million  dollars  annually  in 
the  United  States.  A  recent  new  use  for  the 
electric  heater  is  the  stimulation  of  petroleum 
wells  that  are  running  dry.  Heating  coils  are 
lowered  into  the  well  to  melt  out  the  heavy  oil 
accumulation  and  cause  it  to  flow  freely.  In 
the  manufacture  of  armatures,  time  has  been  re- 
duced by  the  use  of  electrically  heated  ovens  to 
dry  out  the  moisture.  The  temperature  can  be 
regulated  so  accurately  that  there  is  no  danger 
of  melting  the  solder.  In  enameling  iron  the 
electric  heater  has  also  found  a  field  of  use- 
fulness, because  it  maintains  a  hiph  and  uni- 
form heat.  The  same  quality  of  uniformity  has 
caused  the  manufacturers  of  linotype  machines 


to  make  an  electric  heater  for  their  melting 
pots. 

ELECTRIC  INDUCTION.  See  Induc- 
tion. 

ELECTRIC  LIGHTING.  In  1800  Sir 
Humphry  Davy  discovered  that  if  two  pieces  of 
carbon  are  joined  by  conductors  to  a  source  of 
electric  current,  and  such  pieces  momentarily 
touched  together,  so  that  the  circuit  is  complete 
and  a  flow  of  current  established,  upon  their 
separation  for  a  short  distance,  a  flame  is  emit- 
ted, and,  if  the  current  be  sufficiently  powerful, 
this  flame  will  continue,  the  carbon  points  will 
become  intensely  hot  and  emit  a  brilliant  light. 
In  separating  the  carbon  points,  the  extra  po- 
tential induced  by  the  self-induction  of  the  cir- 
cuit is  sufficient  to  leap  the  small  air  gap  and 
thereby  vaporizes  a  small  quantity  of  carbon. 
Carbon  vapor,  being  a  conductor,  allows  the 
current  to  flow  across  the  gap.  The  vapor  is  of 
high  resistance,  and  therefore  it  is  heated  to 
a  high  temperature.  In  1809,  Davy  exhibited 
his  arc  light  before  the  Royal  Institution  of 
London,  his  carbon  points  being  charcoal  from 
the  willow,  and  his  source  of  current  a  voltaic 
pile. 

We  do  not  know  in  which  direction  an  elec- 
tric current  flows  through  a  circuit,  and  there 
are  many  reasons  for  believing  that  it  flows 
both  ways  at  the  same  time.  It  is  usual,  how- 
ever, to  assume  that  it  flows  in  one  direction 
only,  namely  — from  what  is  called  the  "posi- 
tive pole*  of  the  generator,  through  the  exter- 
nal circuit  to  what  is  called  the  ■negative  pole.* 
According  to  this  view,  when  a  direct,  continu- 
ous current  flows  between  two  slightly  separated 
carbons  so  as  to  form  an  arc,  the  electricity 
tears  away  particles  of  carbon  from  the  positive 
electrode,  and  deposits  some  of  them  upon  the 
negative  one.  Some  of  the  particles  become 
burned  in  the  passage,  so  that  both  carbons 
waste  away;  but  the  positive  carbon  wastes  the 
faster  ana  becomes  hollowed  out,  while  the 
negative  one  wastes  less  rapidly  and  assumes  a 
pointed  form.  The  temperature  is  high  enough 
to  melt  the  most  infusible  substances,  such  as 
flint,  platinum  and  the  diamond.  The  carbon 
points  emit  the  larger  portion  of  the  light,  and 
the  positive  point  more  than  the  negative.  The 
resistance  of  the  arc  may  vary  from  1  to  100 
ohms.  It  requires  a  current  strength  of  from 
3  to  10  amperes,  and  a  minimum  electromotive 
force  of  40  to  50  volts,  to  maintain  a  satisfac- 
tory lighting  arc. 

Davy  used  wood  charcoal  for  his  electrodes, 
and  while  they  were  of  excellent  quality,  on 
account  of  their  softness  they  lasted  only  a 
short  time.  As^  the  arc  would  burn  away,  it  was 
necessary  continually  to  adjust  them,  or  the 
arc  would  go  out.  Therefore  it  was  found  nec- 
essary to  have  carbons  of  sufficient  density 
to  last  a  reasonable  time,  and  purity  so  that  the 
light  might  be  steady.  Also  to  have  a  mechan- 
ism automatically  to  feed  the  carbons,  and  keep 
them  a  constant  distance  apart,  as  well  as  auto- 
matically bring  them  together  in  order  to  start 
the  arc.  Refined  petroleum  coke,  ordinary  gas 
coke,  or  lamp  black  is  now  taken  for  the  base 
material,  thoroughly  ground  and  mixed  into  a 
stiff  paste,  dried  and  carbonized  out  of  contact 
with  the  air.  A  very  hard  and  uniform  carbon 
is  thus  obtained,  in  any  desired  size,  the  usual 
length  being  12  or  14  inches,  and  diameter 
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7/10,  l/2  or  H  inch.  Broadly,  the  lamps  may 
be  divided  into  two  classes :  series  and  multiple ; 
each  system  into  two  sub-divisions:  the  open 
and  the  enclosed 

The  electric  energy  loss  from  the  point  of 
generation  to  the  lamp  may  be  expressed,  W  ™" 
CR ;  where  W  is  energy  in  watts,  dissipated  as 
heat  in  conductors,  C  is  current  in  amperes,  and 
R  is  resistance  of  circuit  in  ohms. 

From  the  equation  it  may  be  noted  that  the 
loss  is  in  proportion  to  the  square  of  the  cur- 
rent, so  long  as  R  remains  constant.  Therefore, 
in  distributing  electric  energy  to  a  number  of 
arc  lamps,  it  is  more  economical  to  keep  the  cur- 
rent constant,  and  have  the  lamps  joined  in 
series. 

Two  types  of  lamps  were  evolved  to  meet 
these  conditions  as  well  as  a  generator  to  keep 
the  current  at  a  constant  quantity,  (1)  the  dif- 
ferential lamp;  (2)  the  shunt  lamp.  In  the 
differential  lamp,  the  current  must  remain  at  a 
constant  value.  The  main  current  is  carried  to 
a  pair  of  lifting  magnets,  over  which,  but 
wound  in  opposition  thereto,  is  a  coil  of  high 
resistance  called  the  shunt  magnet,  the  terminals 
of  which  are  cut  around  the  arc  itself.  When 
current  is  thrown  into  the  lamps,  the  main  cur- 
rent pulls  the  carbons  apart  until  sufficient 
potential  is  obtained  at  the  arc  to  force  current 
through  the  shunt  magnet,  which  neutralizes  the 
main  magnet,  thereby  securing  a  balance,  and 
maintaining  the  potential  at  the  arc  constant. 
In  the  shunt  type  lamp,  the  shunt  magnet  cir- 
cuit is  so  arranged  as  to  trip  the  dutch  holding 
the  carbon  rod,  thereby  allowing  the  carbons  to 
come  together,  should  the  potential  around  the 
arc  exceed  the  predetermined  amount  This 
lamp  will  burn  upon  any  current  strength,  pro- 
viding it  is  enough  to  operate  the  main  magnet. 

The  conditions  common  to  both  types  of 
series  lamps  are:  (1)  As  the  carbons  burn 
away,  they  must  be  fed  down  gradually  and  not 
allow  the  potential  around  the  arc  to  exceed  a 
certain  voltage.  (2)  Should  the  carbon  rod 
stick,  or  anything  happen  to  disarrange  the 
lamp,  protective  devices  called  cut-outs  come 
into  operation,  so  the  lamp  will  not  be  burned 
up,  or  the  circuit  opened.  These  open  types  of 
lamps  are  now  practically  obsolete. 

The  Enclosed  Arc. —  The  open  arc  was 
superseded  by  what  is  called  the  enclosed  arc. 
It  was  discovered  that  if  the  arc  be  surrounded 
by  a  narrow,  nearly  air-tight  globe,  it  greatly 
modified  the  character  of  the  light  and  the  car- 
bon would  last  much  longer.  The  small  globe 
prevents  the  air  from  having  access  to  the  car- 
bon, thus  diminishing  its  oxidation.  When  the 
lamp  is  started,  it  soon  exhausts  the  oxygen 
contained  in  the  globe,  and  if  the  globe  is  tight, 
the  carbons  will  last  from  80  to  175  hours. 
This  type  of  lamp  held  the  market  for  some 
years  and  then  the  flame  arc  lamp  became  popu- 
lar. This  was  based  on  the  principle  of  intro- 
ducing oxides  into  the  carbons,  to  secure  an  in- 
creased flame  arc,  somewhat  as  the  Welsbach 
mantles  increase  the  luminosity  of  a  gas-flame. 
Calcium  chloride,  and  the  oxides  of  iron,  titan- 
ium chromium,  etc.,  were  employed  with  more 
or  less  success.  In  the  making  of  the  car- 
bons (which  are  commonly  of  petroleum  coke 
ground  fine  and  mixed  with  tar,  forced  through 
dies  and  dried),  the  metallic  oxides  arc  either 
mixed  with  the  mass  or  introduced  in  a  metal- 
lic core.    An  increased  voltage  is  required,  as 
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the  electrodes  are  drawn  farther  apart  to  get  a 
long  flame;  in  some  forms,  as  the  magnetite 
lamp,  the  lower  positive  electrode  is  simply  a 
permanent  knob  of  copper,  while  the  upper 
negative  electrode  carries  the  mineral  salts. 
Such  lamps  give  a  large  body  of  arc  or  flame 
and  do  not  burn  a  crater  in  the  carbon,  but 
consume  a  comparatively  flat  surface  when  di- 
rectly opposed.  In  one  form  two  carbons  are 
employed,  positioned  like  the  sides  of  a  V.  The 
quantity  of  vapor  given  off  by  the  flame  arc 
lamps  necessitated  an  open  globe  at  first,  but 
later  it  was  found  possible  to  draw  out  the 
vapor  by  a  draft  and  largely  to  enclose  them. 

Glowers  and  Vapor  Lamps.— The  Nemst 
lamp  was  the  next  popular  favorite.  Instead 
of  carbons  it  employs  what  is  known  as  a 
glower,  this  being  a  little  tube,  something  over 
an  inch  long,  and  made  of  the  oxides  of  tho- 
rium, zirconium,  yttrium,  etc.,  mixed  with  a 
binding  paste  and  baked  into  a  condition  re- 
sembling porcelain.  This  tube  i>  coated  with 
oxides  and  provided  with  platinum  terminals. 
On  passing  a  current  it  emits  a  soft  white  light. 
The  glower  has  to  be  heated  to  start  it,  and  a 
coil  called  a  heater  is  provided  for  the  purpose : 
there  is  also  a  "ballast1*  or  resistance  to  avoid 
overheating.  After  the  lamp  glows  it  provides 
its  own  heat  and  the  coil  is  automatically 
switched  out.  These  glowers  arc  of  about  50 
candle  power  and  when  more  light  is  demanded, 
several  glowers  are  included  in  one  lamp.  The 
life  of  a  glower  is  about  600  hours  on  direct 
circuit  and  400  on  alternating  current,  thus  far 
outclassing  the  arc  lamps.  They  are  made  for 
both  110  and  220  volt  circuits. 

A  distinct  advance  in  durability  and  long  life 
of  the  working  parts  of  an  electric  lamp  has 
been  scored  by  the  so-called  vacuum  tube 
lamps,  in  which  a  long  tube  is  exhausted  of  air 
and  then  supplied  with  a  small  quantity  of  me- 
tallic vapor,  as  of  mercury,  which  lights  up 
when  an  electric  current  is  passed  through, 
emitting  a  very  soft  diffused  light,  that  does  not 
trouble  the  eyes  with  its  glare,  as  is  the  case 
with  most  strong  lights.  The  Cooper- Hewitt 
mercury  vapor  lamp  was  first  tried  out  in  1903, 
at  the  office  of  the  livening  Post,  in  New  York, 
and  has  since  been  largely  introduced  for  gen- 
eral indoor  use.  The  typical  house-lamp  em- 
ploys a  tube  from  20  to  50  inches  long  and  of 
perhaps  an  inch  diameter,  backed  by  a  metallic 
reflector.  At  one  end  of  the  tube  is  an  iron 
mercury  cup  serving  as  the  positive  electrode, 
while  a  glass  bulb  at  the  other  end  is  the  nega- 
tive terminal.  Platinum  wires  supply  the  cur- 
rent The  air  is  exhausted  from  the  tube,  which 
is  then  scaled.  When  the  current  flows,  a  little 
mercury  is  allowed  to  vaporize  in  the  tube  and 
a  soft  greenish-white  light  of  great  intensity  is 
obtained.  Induction  coils  are  placed  in  the 
body  of  the  fixture,  also  an  adjuster  resistance, 
shunt  resistance  and  cut-out.  Pulling  a  hand- 
chain  operating  a  switch  starts  the  lignt,  and  if 
the  current  fails  and  it  poes  out  through  any 
accident,  an  automatic  device  can  be  had  for 
relighting  it.  Lamps  are  made  for  both  direct 
and  alternating  current.  A  tube  gives  normally 
3,750  hours'  service,  or  the  equivalent  of  10 
hours  a  night  for  one  year.  These  Cooper- 
Hewitt  mercury  vapor  lamps  are  also  manufac- 
tured with  tubes  of  a  great  variety  of  lengths 
and  doublings,  for  use  in  factories,  mills,  ma- 
chine shops,  stores,  photograph  and  moving-pic- 
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ture  studios,  etc.  They  bring  illumination 
wherever  it  is  wanted  commercially,  closely  re- 
producing daylight  conditions  and  obviating 
strain  on  the  eyes  from  glaring  lamps.  For 
outdoor  use  the  Cooper-Hewitt  quartz  lamp  is 
supplied,  which  employs  a  short  tube  of  fused 
silica  (or  quartz  glass),  permitting  a  high  tem- 
perature and  stronger  current  tor  brighter  il- 
lumination, as  in  railway  yards,  parks,  etc. 
Such  lamps  have  lasted  for  months  without  at- 
tention. 

The  Moore  vapor  tube  glow  lamp  is  manu- 
factured in  various  forms,  and  is  much  valued 
for  matching  colors,  owing  to  its  close  ap- 
proximation to  daylight  conditions.  By  the  em- 
ployment of  different  vapors  it  can  be  made  to 
yield  blue,  white,  yellow  or  rose  light.  It  re- 
quires renewal  of  carbon  dioxide  after  1,000 
hours'  use,  but  the  tubes  will  last  four  or  five 
thousand  hours.  It  is  run  on  110-volt  circuits 
at  23  amperes. 

The  Incandescent  Lamp. —  The  great  ob- 
jection attending  the  use  of  the  arc  system  of 
lighting  was  that  the  light  was  too  intense  for 
most  purposes  required  inside.  It  could  not 
be  readily  subdivided.  From  the  earliest  days 
of  electric  lighting,  various  inventors  endeav- 
ored to  subdivide  the  light.  The  idea  of  using 
continuous  conductors,  instead  of  the  discon- 
tinuous as  in  arc  lighting,  was  tried  in  almost 
every  conceivable  form.  These  conductors  were 
to  be  heated  to  a  white  heat  and  rendered  in- 
candescent by  the  passage  through  them  of  an 
electric  current.  The  great  difficulty  arose  from 
the  fact  that  to  give  useful  results,  the  working 
temperature  of  the  material  was  so  near  its 
melting  point,  that  any  slight  increase  in  the 
current  would  destroy  the  conductor.  In  1878  a 
reat  improvement  was  effected  in  the  platinum 
lament  incandescent  lamp,  which  was  obtained 
in  a  condition  safety  to  withstand  a  much 
greater  current  strength.  The  filament  was 
placed  in  a  vacuum,  and  slowly  heated  therein. 
The  occluded  gases  were  slowly  liberated,  and 
it  was  discovered  that  if  a  high  vacuum  were 
maintained  and  the  wire  raised  to  a  point  just 
below  its  melting  point,  the  point  of  fusion  was 
raised,  and  the  physical  character  of  the  metal 
was  considerably  changed.  This  lamp,  how- 
ever, was  never  a  commercial  success. 

Various  inventors  experimented  with  the 
platinum  lamp,  enclosed  in  vacuo,  but  the  great- 
est improvement  was  made  by  the  substitution 
of  carbon  filaments  for  platinum.  This  was 
done  by  an  American,  J.  W.  Starr,  who  em- 
ployed plates  inside  a  glass  vessel  containing  a 
Torricellian  vacuum.  Many  patents  were  taken 
out  in  all  countries  for  lamps  of  various  types, 
but  none  were  commercially  successful;  many, 
perhaps,  for  the  want  of  a  cheap  method  of 
generating  the  electrical  energy,  as  well  as 
through  fault  of  the  lamp  itself. 

The  advent  of  the  first  successful  incandes- 
cent lamp  dates  from  about  1879,  when  Edison 
gave  us  the  carbon  incandescent  lamp,  and  from 
that  time  the  growth  of  the  incandescent  electric 
lighting  industry  has  been  extremely  rapid. 

Every  such  incandescent  lamp  consists  of  a 
carbon  filament  attached  to  two  platinum  wires, 
a  glass  bulb  in  which  a  vacuum  is  formed,  and 
finally  a  threaded  base  attached  to  the  bulb,  and 
designed  to  hold  the  lamp  in  its  socket. 

The  following  is  in  a  general  wav  the  method 
by  which  the  lamps  arc  made.    The  bulbs  are 


blown  at  the  glass  factory  whence  the  manu- 
facturers obtain  them  directly.  The  first  ma- 
nipulation consists  of  preparing  them  for  the 
filament.  The  nature  of  the  filament  varies 
with  different  systems.  There  are  three  kinds 
employed.  Some  (Swan)  employ  cotton 
threads;  others  gelatine  or  vitrified  cellulose 
(Khotinski  Lave-Fox)  ;  and  others  use  vegetable 
fibres  (Edison-Siemens).  Finally,  some  employ 
a  natural  fibre  submitted  to  a  chemical  process 
<  Langhans  Cruto  Seel).  Form  is  given  to  the 
filament  according  to  its  nature,  either  by  means 
of  a  die,  or  between  cylinders,  or  by  cutting  it 
out  while  in  a  plastic  mass.  The  fibre  thus 
obtained  is  transformed  into  compact  carbon  by 
prolonged  baking  at  a  high  temperature  in  a 
crucible  or  by  heating  with  the  electric  current 
itself.  To  give  the  filament  homogeneity  and 
the  desired  resistance  a  layer  of  carbon  should 
be  deposited  on  its  surface.  This  deposit  is 
affected  in  many  ways.  A  very  simple  method 
termed  "flashing*  consists  in  immersing  the  fila- 
ment in  petroleum  and  raising  it  to  a  red 'heat 
in  that  liquid.  The  filament  being  cut  to  the 
desired  length,  Edison  clamps  the  carbon  with 
platinum  wires  and  covers  the  points  of  attach- 
ment with  a  layer  of  electrolytic  copper ;  Lave, 
Fox  and  Swan  deposit  a  greater  quantity  of 
carbon  there,  while  other  manufacturers  employ 
a  special  cement  or  solder.  The  filaments  may 
be  fixed  in  the  bulb  in  two  ways :  either  the 
two  wires  arc  fused  into  a  piece  of  glass  called 
the  budge,  which  is  next  fused  into  the  neck 
of  the  bulb:  or  else  the  wires  are  fixed  sep- 
arately on  the  edges  of  a  glass  socket,  which 
is  then  fused  into  the  bulb.  A  small  tube  is 
also  fused  to  the  top  of  the  bulb  in  order  to 
provide  for  the  production  of  a  vacuum.  The 
exhaustion  of  the  lamps  takes  place  by  means 
of  mercury  pumps.  The  vacuum  obtained,  the 
lamp  is  tested.  Then  the  luminous  intensity 
and  the  resistance  when  cold  are  measured. 
The  dimensions  of  the  filaments  vary  with  the 
luminous  intensity  of  the  lamp ;  they  should  be 
proportionately  greater  as  the  normal  intensity 
of  the  lamp  is  higher.  These  dimensions  depend 
also  upon  the  specific  resistance  of  the  carbon- 
ized substance.  As  to  the  form  of  the  section 
of  the  filament,  the  circular  one  is  preferable 
because  it  presents  the  minimum  resistance  for 
a  given  surface. 

The  reason  for  withdrawing  the  air  from  the 
bulb  is  that  if  the  filament  were  heated  in  the 
air  the  oxygen  of  the  air  would  combine  with 
the  carbon,  causing  combustion  and  consequent 
destruction.  Even  enclosed  as  it  is  in  a  vacuum 
the  filament  is  slowly  destroyed  by  the  intense 
heat  at  which  it  is  operated.  Aside  from  the 
advantage  named  is  the  fact  that  there  is  no 
heat-conducting  medium  between  the  filament 
and  the  globe,  practically  all  the  heat  that  is 
emitted  being  that  which  radiates  from  the 
filament  (a  small  amount  is  lost  bv  conduction 
through  the  leading-in  wires).  If  there  were 
any  gas  or  vapor  within  the  bulb  it  would  con- 
duct additional  heat  to  the  glass  walls,  and  also 
dissipate  heat  by  convection,  so  that  with  a  given 
current  in  a  given  filament  the  temperature  of 
the  filament  would  be  reduced,  and,  therefore, 
less  light  would  be  obtained.  The  destruction 
of  the  filament  referred  to  is  not  due  to  com- 
bustion because  as  just  explained  there  is  no 
oxygen  left  in  the  bulb.  There  is  a  disintegra- 
tion of  the  filament  by  some  process  that  has 


E 


Digitized  by  Google 


ELECTRIC  LIGHTING 


never  been  positively  identified  or  explained,  the 
results  being  that  impalpable  particles  of  carbon 
are  deposited  on  the  inside  surface  of  the  bulb, 
causing  a  gradual  darkening  of  the  glass  that 
is  readily  discernible. 

The  leading-in  wires  are  made  of  platinum 
because  that  metal  has  the  same  coefficient  of 
expansion  by  heat  as  that  of  glass.  Were  the 
coefficient  different,  small  cracks  would  form 
in  the  bulb  and  the  vacuum  would  be  spoiled. 
Carbon  is  an  exception  to  the  general  rule 
that  almost  all  conductors  increase  in  resistance 
when  the  temperature  is  raised.  Its  resistance 
decreases  rapidly  with  an  increase  in  tempera- 
ture up  to  the  red  point.  Thereafter,  up  to 
the  white,  the  resistance  decreases  more  slowly. 
The  ordinary  carbon  filament,  when  at  its  work- 
ing point,  has  about  one-half  the  resistance  as 
when  cold.  The  standard  filament  gives  out  a 
mean  illumination  of  16-candle  power  at  right 
angles  with  the  axis  of  the  lamp  from  base 
to  top. 

The  power  required  for  the  usual  16-candle 
power  standard  lamp  varies  from  50  to  64 
watts,  depending  upon  the  temperature  at  which 
the  filament  is  operated.  The  higher  the  tem- 
perature of  the  filament  the  higher  the  efficiency 
in  watts  per  candle  power,  and  also  the  shorter 
will  be  the  life.  The  life  of  the  filament  in  this 
way  limits  the  efficiency  of  the  lamp.  The 
candle  power  of  the  incandescent  lamp  may  be 
greatly  increased  by  simply  increasing  its  fila- 
ment temperature  by  the  simple  expedient  of 
increasing  the  current,  but  thereby  its  life  is 
shortened.  The  increase  in  candle  power  is 
not  directly  in  proportion  to  the  increase  in 
current  but  in  a  considerably  higher  ratio. 

It  is  important  to  maintain  the  potential  on 
the  terminals  of  an  incandescent  lamp  at  the 
normal  working  point.  Any  slight  excess  ma- 
terially shortens  its  life.  The  resistance  of  an 
incandescent  lamp  filament  is  much  lower  when 
hot  than  cold,  approximately  in  the  ratio  of 
two  to  one;  that  is,  the  resistance  is  twice  as 
high  cold  as  when  hot  when  at  normal  burning 
temperature.  The  illumination  is  rated  in 
candle  power  and  power  consumed  in  watts 
per  candle  measured  when  the  lamp  is  giving 
its  rated  candle  power,  but  this  condition  is  not 
obtained  with  any  incandescent  lamp  through  a 
large  portion  of  its  active  life.  When  a  new 
lamp  is  placed  in  circuit  it  will  usually  give  the 
full  candle  power  or  a  trifle  more  at  the  start, 
and  the  candle  power  will  rise  to  a  value  from 
5  per  cent  to  11  per  cent  higher  than  the  rating. 
It  soon,  however,  begins  to  fall  off  with  a 
constant  diminution  up  to  the  breaking  point. 

The  rise  and  fall  of  candle  power  are  due  to 
changes  in  the  structure  of  the  filament.  The 
resistance  at  first  decreases,  allowing  more  cur- 
rent to  flow  and  consequently  higher  tempera- 
ture and  more  light.  This  is  indicated  by  the 
rise  of  the  curve  from  162  candle  power  to  17.3 
candle  power  during  the  first  50  hours.  Then 
the  diminution  of  resistance  ceases  and  is  fol- 
lowed by  the  gradual  wasting  away  of  the 
filament,  which  causes  a  gradual  increase  in 
resistance,  by  reducing  its  cross  section.  The 
current  thus  gradually  falling  off,  taken  together 
with  the  decreased  surface  of  the  filament  and 
the  deposit  of  carbon  upon  the  globe,  causes  the 
fall  in  candle  power  indicated.  The  decrease 
in  candle  power  is  not  directly  proportional  to 
the  decrease  in  current,  thus  the  energy  per 
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candle  power  increases  rapidly  after  the  first 
few  hundred  hours. 

The  Tungsten  Lamp.— The  tungsten  fila- 
ment has  revolutionized  the  incandescent  light- 
ing industry  and  is  reducing  the  use  of  arc 
lamps.  The  carbon  filament  is  rapidly  going 
out,  and  the  old-fashioned  arc  lamps  are  being 
replaced  either  by  groups  of  tungsten  lamps  or 
Ncrnst  or  vapor  lamps.  The  tungsten  filament 
has  a  life  of  1,000  hours,  and  some  have  been 
made  of  twice  that  durability,  whereas  125  to 
200  hours  is  long  for  other  filaments  and  arc 
lamps.  The  tungsten  also  has  the  advantage 
of  diffusing  the  light  more,  there  being  more 
turns  in  the  filament,  and  it  is  closer  to  day- 
light in  its  coloration.  The  tungsten  is  a  truly 
automatic  light,  requiring  no  attention  beyond 
an  occasional  dusting.  1  ungsten  is  not  so  rare 
a  metal  as  once  supposed,  and  its  great  resist- 
ance to  heat  —  it  melts  at  3200°  C. —  renders  it 
a  most  fit  metal  for  filaments.  At  first  it  was 
found  exceedingly  difficult  to  form  it  into  the 
minute  diameter  wire  form  needed.  It  is  ex- 
ceedingly brittle  and  fragile,  and  early  attempts 
to  draw  it  through  fine  dies,  such  as  are  used 
for  making  the  most  delicate  strands  of  copper 
and  steel  wire,  were  failures.  Kuzel  solved 
the  problem  by  making  a  solution  of  tungsten, 
evaporating  the  surplus  moisture  and  squirting 
the  residuum  through  a  die,  getting  a  thread 
which  would  bear  handling.  Such  a  filament 
is  "flashed*  in  a  mixture  of  steam  and  hydro- 
gen, and  as  the  steam  decomposes  the  oxygen 
unites  with  the  carbon  of  the  filament  Later 
a  method  of  drawing  the  metal  was  worked  out 
successfully  and  is  preferred  to  the  squirted 
film.  The  character  of  tungsten  is  such  that 
a  very  long  and  frequently  lapped  filament  is 
required  to  give  the  necessary  light  This  is 
an  advantage,  reducing  the  glare. 

In  recent  tungsten  lamp  practice  nitrogen 
gas  is  introduced  in  the  bulb  after  extracting 
the  air  as  fully  as  practicable.  It  has  been 
demonstrated  that  the  pressure  of  the  gas  re- 
tards the  wasting  of  the  filament,  more  than  off- 
setting the  heat  lost  by  its  introduction  to  the 
bulb.  As  tungsten  lamps  can  be  made  of  1.000 
to  2,000  candle  power,  and  show  a  life  of  1,000 
to  2,000  hours,  they  have  naturally  become  very 
popular. 

Wiring  and  Fixtures. — The  building  regula- 
tions of  all  large  cities  contain  more  or  less 
stringent  regulations  as  to  the  wiring  of  build- 
ings, the  result  of  somewhat  numerous  fires 
caused  by  careless  wiring  in  the  early  stages  of 
introducing  electric  lighting.  Cables  carrying 
street  wires  are  now  abundantly  insulated,  and 
the  individual  wires  entering  buildings  arc  care- 
fully insulated  and  protected  from  accidental 
abrasion.  At  the  point  of  entering  a  building, 
s  switch-box  is  usually  placed,  with  accommo- 
dation for  one  or  more  fuse-wires.  These  are 
short  connections  made  of  easily  fusible  wire, 
as  a  mixture  of  lead  and  zinc,  so  that  when 
by  accident  a  strong  current  reaches  the  switch, 
the  fuse  is  instantfv  burned  out,  and  the  cur- 
rent can  go  no  further  having  no  wire  conduc- 
tor. Wires  for  incandescent  lighting  are  usu- 
ally covered  and  boxed  in,  under  certain  regula- 
tions of  safety,  and  led  to  the  various  points  of 
use  —  to  ceiling  fixtures,  pendants,  electroliers, 
brackets,  portable  lamps,  etc.  The  pendant, 
with  flexible  cord,  that  can  be  swung  to  any 
convenient  point  within  its  radius,  is  easily  the 
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most  popular  lamp.  The  modern  idea  of  inte- 
rior lighting  of  dwellings  involves  the  use  of 
a  semi-transparent  inverted  half  globe,  as  of 
thin  porcelain,  within  which  the  light  is  hidden, 
casting  its  full  glare  upward  toward  a  white 
ceiling,  from  which  a  soft  radiance  is  reflected 
downward  over  the  surroundings.  This  plan 
diffuses  the  light  in  a  most  acceptable  manner. 

The  low  value  of  the  common  radiants  is 
due  to  the  fact  that  they  are  based  upon  the 
incandescence  of  carbon. 

If  the  conversion  of  coal  into  light  is 
through  the  medium  of  the  incandescent  lamp, 
we  throw  away  95  per  cent  of  theoretical 
energy,  and  secure  as  light  only  95/ UK)  or  prac- 
tically 1  per  cent  of  the  energy  of  the  coal. 

However,  the  incandescent  light  is  almost  a 
perfect  light.  Since  it  gives  off  no  waste  prod- 
ucts of  any  kind,  it  has  no  deleterious  effects 
upon  the  atmosphere  of  the  rooms  or  buildings 
in  which  it  may  be  utilized.  Its  light  is  white, 
soft  and  brilliant,  yet  not  dazzling.  The  lamp 
itself  is  rather  ornamental  than  otherwise,  and 
lends  itself  readily  to  external  ornamentation 
without  danger  of  fire,  since  of  course  it  gives 
off  no  flame.  Nevertheless,  by  way  of  caution 
it  may  be  noted  that,  comparatively  insignificant 
as  is  the  heat  which  the  incandescent  lamp  gives 
out  through  the  glass  bulb,  it  cannot  be  allowed 
to  rest  for  an  undue  time  in  touching  proximity 
to  inflammable  materials,  since  experiments 
have  shown  that  when  such  a  lamp  is  encased  in 
two  thicknesses  of  muslin  for  about  six  min- 
utes, and  fresh  air  is  admitted  to  the  interior, 
the  muslin  has  burst  into  flame.  Again,  an  arti- 
cle of  celluloid  pressed  against  the  lamp  for  three 
minutes  has  ignited;  and  a  newspaper,  under 
similar  conditions,  ignited  in  three-quarters  of 
an  hour. 

ELECTRIC     LOCOMOTIVES.  See 

Traction,  Electric. 

ELECTRIC  MACHINE,  or  Dynamo 
Static  Machine  (now  extensively  employed  in 
therapeutics),  for  exciting  electricity  by  fric- 
tion or  by  static  electric  induction,  as  distin- 
guished from  dynamo  electric  machines  in 
which  electricity  is  excited  by  cutting  magnetic 
lines  of  force.  The  excitation  of  electricity  by 
friction  was  observed  by  the  ancients,  and  the 
word  electricity  is  derived  from  the  Greek  word 
clectrum,  signifying  amber,  in  which  the  at- 
tracting power  of  electricity  after  friction  was 
first  noticed.   See  Electricity,  Fkictional. 

It  was  subsequently  found  that  a  glass  rod 
or  a  rod  of  scaling  wax  also  possessed  this  elec- 
trical property  when  rubbed.  Later  on,  other 
methods  of  exciting  static  electricity,  such  as 
by  the  clectrophorus.  were  discovered.  Such 
methods  were,  however,  slow  and  laborious  and 
better  devices  were  sought  for,  resulting  in  the 
development  of  two  general  types  of  dynamo 
static  machines,  namely,  frictional  machines 
and  induction  machines,  the  first  representing 
the  rubbed  glass  rod  or  wax  type ;  the  second, 
the  electrophorus  type.  These  machines  pro- 
vided means  whereby  the  rubbing  and  the  in- 
duction might  be  performed  continuously  and 
mechanically. 

Frictional  Electric  Machine.— The  first 
continuous  frictional  machine,  due  to  Nairne, 
consisted  of  a  glass  bottle,  or  hollow  cylinder, 
mounted  on  a  horizontal  axis,  well  insulated, 
and  turned  by  a  winch  or  handle  on  suitable 


5 — ELECTRIC  MACHINE 

supports.  (See  Fig.  1).  On  one  side  of  the  cyl- 
inder and  pressing  firmly  against  it,  is  placed 
the  "rubber,''  a  cushion  of  leather,  c,  stuffed 
with  horse-hair,  and  sometimes  faced  with 
amalgam.  From  the  upper  edge  of  the  cushion 
a  silk  flap,  s,  passes  over  the  cylinder,  reaching 
half  way  round.  A  brass  cylinder,  or  a  wooden 
cylinder  plated  with  metal,  p,  termed  the  prime 
conductor,  supported  by  a  glass  or  ebonite  rod, 
R,  is  placed  as  shown.  A  metallic  comb  is  at- 
tached to  the  left  end  of  the  prime  conductor, 
as  indicated  in  figure. 

Before  the  machine  is  set  in  operation  an 
amalgam  of  zinc  and  tin  or  other  suitable 
metals,  is  sprinkled  or  pasted  on  the  surface  of 
the  rubber.  When  the  cylinder  is  turned  elec- 
tric sparks  arc  seen  and  heard  to  play  on  the 
cylinder  from  the  edge  of  the  flap,  negative  elec- 
tricity being  accumulated  on  the  amalgam  sur- 
face and  positive  electricity  on  the  surface  of 
the  cylinder,  due  to  the  friction  between  the 
glass  and  the  amalgam  coated  surface  of  the 
rubber.    As  the  cylinder  is  a  non-conductor  of 


Fig.  I  --  Cylinder  Frictional  Machine. 


electricity  this  positive  charge  is  held  on  its  sur- 
face until  the  cylinder  in  revolving  brings  it  be- 
neath the  comb,  where  it  acts  inductively  on  the 
prime  conductor,  p,  attracting  negative  electricity 
to  its  near  end  and  repelling  positive  electricity 
to  its  far  end ;  the  negative  electricity  escaping 
across  the  points  of  the  comb  as  an  electrical 
breeze,  or  brush  discharge,  uniting  with  and 
neutralizing  the  positive  electricity  on  the  glass 
cylinder  opposite  the  comb,  which  portion  of 
the  cylinder  is  then  ready  to  take  a  positive 
charge  as  before  when  it  again  reaches  the  rub- 
ber. When  the  prime  conductor  by  these  suc- 
cessive charges  of  positive  electricity  has  at- 
tained a  high  potential,  sparks  several  inches 
in  length  will  jump  from  its  far  end  to  the 
hand  or  any  other  ground  connection.  To  ob- 
tain a  continuous  supply  of  electricity  from  the 
prime  conductor,  p,  it  is  necessary  to  connect 
the  rubber,  c,  to  the  ground,  which  is  usually 
done  by  allowing  a  metal  chain  attached  to  a 
steel  plate  on  the  back  of  the  cushion  to  lie  on 
the  floor  or  table,  this  permitting  the  negative 
electricity  excited  in  the  rubber  to  escape  to 
earth.  In  this  way  also  a  negative  stream  of 
electricity  may  be  drawn  from  the  machine.  The 
use  of  the  amalgam  on  the  rubber  has  the  effect 
of  largely  increasing  the  conductivity  of  the 
cushion,  and  also  provides  a  substance,  n.  be- 
tween which  and  glass  the  surface  friction  for 
the  exciting  of  static  electricity  is  greater  than 
that  between  leather  and  glass. 

The  quality  of  the  glass  used  in  electrical 
machines  is  important,  that  containing  most 
silica,  such  as  the  material  from  which  ordi- 
nary pale  green  bottles  are  made,  being  most 
suitable  for  this  purpose. 
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Plate  Electric  Machine.— This  is  another 
form  of  the  frictional  machine.  The  principle 
of  its  operation  is  the  same  as  that  of  the  cylin- 
der machine  just  described.  It  consists  of  a 
circular  plate  of  glass,  or  ebonite,  E,  Fig.  2,  jn 
place  of  the  cylinder.   Two  sets  of  rubbers,  s,  s, 


Pic  2. —  Plate  Friction*!  Machine. 

are  placed  on  opposite  sides  of  the  plate,  and  as 
the  plate  is  rotated  positive  electricity  is  devel- 
oped on  the  glass,  and  is  collected  by  the  prime 
conductor,  P,  virtually  as  in  the  case  of  the  cyl- 
inder machine. 

Static  Electric  Induction  Machine.— These 
machines  depend  for  their  action  upon  static  in- 
duction as  exemplified  in  the  case,  for  instance, 
of  the  electrophorus  which  may  be  briefly  de- 
icribed  here. 

Electrophorus.—  A  simple  electrophorus 
consists  of  a  cake  of  resin  or  vulcanite  12  or  15 
inches  in  diameter  and  one  inch  thick,  resting 
on  a  tin  or  iron  plate.  A  disc  of  metal,  termed 
the  cover  or  carrier,  somewhat  smaller  than  the 
cake  of  resin,  is  provided  with  an  insulating 
handle.  When  the  cake  is  rubbed  with  dry  flan- 
nel it  becomes  negatively  electrified.  If  now 
the  cover  be  placed  on  the  cake,  its  positive 
electricity  is  attracted  to  the  side  of  the  cover 
next  the  cake.  The  electric  charge  on  the  resin 
is  not  discharged  into  the  cover,  however,  be- 
cause, on  account  of  the  slight  accidental  irreg- 
ularities of  the  two  surfaces,  the  cover  will  be 
in  actual  physical  contact  with  the  resin  at  only 
a  few  points, —  perhaps  at  not  more  than  three. 
The  electricity  residing  in  the  resin  at  the  points 
of  true  contact  will  be  discharged,  but  not  that 
at  other  points,  because  the  resin  is  a  non-con- 
ductor, and  so  its  electricity  cannot  pass  directly 
to  the  covering  plate  by  conduction.  Now  if  the 
cover  be  touched  by  the  finger,  its  negative  elec- 
tricity will  escape  to  earth.  If  now  the  cover 
be  lifted  from  the  cake  it  will  contain  free  posi- 
tive electricity  which  may  be  used  for  charging 
a  condenser  or  Leyden  jar.  The  cover  may 
again  be  placed  on  the  cake  and  the  foregoing 
process  may  be  repeated  a  number  of  times  be- 
fore the  charge  in  the  resin  will  be  entirely  ex- 
hausted. The  cake  when  electrified,  with  the 
disc  in  its  place,  and  undisturbed,  will  retain  its 
charge  for  weeks. 

A  number  of  induction  machines  based  on 
the  foregoing  principle  have  been  devised, 
among  the  best  known  being  the  Holtz  and  the 
Wimshurst,  which  arc  sometimes  termed  con- 
tinuous electrophori. 


Holtz's  Electric  Induction  Machine.— This 
consists  of  two  glas*  plates  or  discs  about  two 
feet  in  diameter,  placed  side  by  side  and  sep- 
arated by  a  very  small  air  space.  One  plate  is 
fixed;  the  other  is  rotated,  the  fixed  plate  being 
slightly  larger.  The  moving  plate  is  mounted 
on  a  well-insulated  axle.  On  diametrically 
opposite  points  of  the  fixed  plate  there  are  two 
sector-shaped  holes  or  windows.  On  the  back 
of  the  fixed  plate,  at  the  windows,  are  glued 
paper  inductors  or  armatures,  blunt  tongues  from 
which  they  arc  caused  to  pass  through  the 
windows  until  they  nearly  touch  the  moving 
plate,  which  must  be  rotated  in  the  direction 
opposite  to  that  in  which  the  tongues  point. 
Opposite  the  inductors  there  are  placed  metal 
combs  attached  to  brass  rods  or  electrodes, 
which  carry  brass  balls  that  at  their  terminals 
arc  movable  to  and  from  one  another.  In  start- 
ing the  machine  the  two  balls  are  brought  to- 
gether and  a  negative  charge  from  a  rubbed 
ebonite  rod  .is  given  to  one  of  the  inductors ; 
then  when  the  plate  is  rotated  and  the  balls  are 
separated,  sparks  jump  across  the  space.  The 
action  of  the  machine  is  very  complicated  and 
need  not  be  gone  into  here  further  than  to  say 
that  in  effect  it  is  virtually  similar  to  that  of 
the  electrophorus,  the  initial  charge  imparted  to 
the  armature  inducing  opposite  electricity  in  the 
rotating  disc,  which  in  turn  delivers  a  charge  to 
the  metal  comb,  which  charge  by  successive  ad- 
ditions as  the  disc  rotates  is  augmented  until  it 
attains  a  potential  of  50,000  volts  and  more. 
These  discs  are  rotated  at  a  speed  varying  from 
120  to  450  revolutions  per  minute.  See  Elec- 
trotherapeutics. 

Wimshurst's  Influence  Machine.—  This 
machine,  due  to  Mr.  James  Wimshurst,  is  one 
of  the  most  efficient  and  reliable  of  the  induc- 
tion electric  machines.  It  consists  of  two  glass 
discs,  which  in  practice  have  varied  in  size 


from  14J4  inches  to  7  feet  in  diameter.  These 
discs  suitably  mounted  on  insulated  axles  are 
placed  side  by  side  and  both  are  rotated,  but  in 
opposite  directions.  On  the  outer  surface  of 
each  disc  thin  metal  strips,  or  sectors,  M,  are 
glued,  as  indicated  in  Fig.  3.    Two  adjustable 
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metal  "neutralizing"  rods,  k,  r,  terminating  in 
small  brushes  that  glide  oyer  the  metal  strips, 
are  supported  as  shown,  at  oblique  angles  to  one 
another;  one  opposite  each  disc.  (7-shapcd  col- 
lectors, u  u,  carrying  metal  combs,  diamctric- 
cally  opposite  to  one  another,  arc  metallically 
connected  to  the  electrodes  or  prime  conductors, 
c  c.  These  collectors  are  supported  on  metal 
rods  that  rest  in  what  are  practically  Leyden 
jars  or  condensers,  j  j.  The  best  position  of 
the  brushes  on  rods,  r  r,  relatively  to  each 
other  and  to  the  combs  is  microphone,  found 
by  actual  test  to  be  virtually  as  shown  in  the 
figure. 

The  object  in  employing  condensers,  j  J.  is 
to  add  capacity  to  the  prime  conductors,  therein- 
increasing  the  amount  of  electricity  that  can  be 
accumulated,  and  hence  increasing  the  energy 
of  the  discharge,  and  this  use  of  condensers 
is  common  to  all  static  electric  machines.  The 
action  of  this  machine  in  operation  is  also  com- 
plicated. The  Wimshurst  machine  is  self-cxcit- 
mg,  that  is.  it  starts  without  any  externally 
applied  electric  charge,  as  is  requisite  with  the 
Holtz  machine.  It  has  been  thought  that  the 
initial  charge  is  due  to  the  friction  of  the  air 
in  the  space  between  the  two  oppositely  re- 
volving plates,  this  space  not  exceeding  one- 
eighth  of  an  inch.  Apparently  the  metal  sec- 
tors arc  the  equivalent  of  the  inductors  in  the 
Holtz  machine;  the  neutralizing  rods  serving 
to  allow  the  repelled  electricity  in  one  sector  to 
escape  to  a  diametrically  opposite  sector  on  the 
same  plate,  where  it  in  turn  acts  inductively 
on  the  opposite  sector  on  the  opposite  plate,  the 
tree  electricity  when  it  reaches  the  collectors 
being  carried  off  as  a  discharge  by  the  prime 
conductors.  Frequently  a  small  Wimshurst  ma- 
chine is  used  to  excite  a  larger  Holtz  machine. 

All  static  electric  machines,  owing  to  the 
high  potentials  which  they  develop,  require  ex- 
tra precautions  as  regards  insulation,  even  the 
damp  atmosphere  of  a  room  preventing  their 
successful  operation.  Some  other  insulating 
materials,  such  as  ebonite  and  gutta-percha,  arc 
less  hygroscopic  than  glass,  but  these  materials 
are  not  so  durable  as  glass;  hence  the  latter  is 
given  the  preference  for  the  plates  of  these  ma- 
chines. But  to  add  to  their  insulating  quali- 
ties they  arc  always  covered  with  a  shellac  var- 
nish, and  are  enclosed  in  a  glass  chamber  or 
box  from  which  moisture  is  extracted  by  sul- 
phuric acid  or  other  desiccators,  contained  in 
suitable  vessels  within  the  chamber.  These  ma- 
chines are  now  usually  operated  by  electric  mo- 
tors. Although  the  electro-motive  force  devel- 
oped by  these  machines  is  very  high,  the  current, 
owing  to  the  high  resistance  of  the  machines,  is 
comparatively  low.  Thus  tests  have  shown  the 
output  of  a  Holtz  machine  to  be,  with  a  six- 
inch  spark,  71,000  volts  and  .00048  ampere,  equal 
to  34  watts,  and  with  a  spark  of  18  inches,  180,- 
000  volts  and  .0002  ampere,  equal  to  36  watts 
(Sheldon).  The  efficiency  of  the  machine  is,  in 
the  first  instance,  27  per  cent,  and  in  the  second 
19.5  per  cent.  The  current  is  approximately 
directly  proportional  to  the  rotation  of  the 
plates.  The  Holtz  machine  and  others  of  its 
type  are  continuous  current  machines,  and  at  a 
given  speed  their  current  output  and  electro- 
motive force  are  constant.  By  efficiency  is 
meant  the  energy  given  out  by  the  machine  as 
compared  with  that  expended  in  driving  it.  (The 


efficiency  of  a  dynamo  electric  machine  is  often 
over  90  per  cent.)  The  electric  power  ex- 
pended in  driving  these  machines,  under  test, 
was.  in  the  first  case,  126  watts,  and  in  the  sec- 
ond case,  180  watts.  Later  tests  by  Sheldon  on 
other  static  machines  show  an  efficiency  of  40 
to  46  per  cent,  with  an  output  of  10  to  12 
watts. 

To  increase  the  volume  of  current  from 
static  electric  machines,  the  number  of  plates  is 
increased.  Hence  machines  of  the  Holtz  and 
other  more  or  less  similar  types  are  constructed 
with  from  say  6  revolving  and  6  stationary 
plates  to  16  revolving  and  16  stationary  plates, 
or  more  as  may  be  desired.  In  many  cases  the 
stationary  plates  arc  square  or  oblong  sheets  of 
glass.  For  therapeutic  purposes,  machines,  giv- 
ing at  least  a  12-inch  spark,  are  considered  ad- 
visable. Plates  made  of  micanite  have  been 
tried  for  static  machines,  but  with  some  doubt 
as  to  their  durability.  See  Electrotherapeu- 
it  '  William  Maver,  Jr., 

Consulting  Electrical  Engineer. 

ELECTRIC  MICROPHONE.  The  prin- 
ciple of  this  instrument  was  discovered  by  Prof. 
David  E.  Hughes,  an  American  resident  in 
London,  who  announced  the  discovery  in  a  paper 
delivered  before  the  Royal  Society,  London,  in 
1878.  The  microphone,  as  the  name  implies, 
largely  amplifies  sounds.  It  consists  of  a  verti- 
cal carbon  pencil  pivoted  loosely  at  both  ends 
in  solid  carbon  receptacles  which  are  fastened 
to  a  thin  sounding  board,  which  board  is  suit- 
ably upheld  by  one  edge  on  a  solid  block  or 
base.  When  the  carbon  pencil  is  made  part  of 
■in  electric  circuit  in  which  arc  also  a  small 
battery  and  a  telephone  receiver,  sounds  are 
many  times  amplified ;  even  a  small  cotton  ball 
dropped  on  the  block  is  heard  in  the  telephone 
like  a  bullet  falling  on  the  floor.  A  number  of 
theories  have  been  advanced  to  explain  the  ac- 
tion of  the  microphone ;  one,  adopted  bv  the 
courts  in  this  country  in  a  case  in  which  the 
validity  of  the  Berliner  telephone  transmitter 
was  an  issue,  being  that  the  action  is  due  to 
the  remarkable  effect  of  sonorous  vibrations  in 
varying  the  electrical  resistance  at  a  loose  con- 
tact between  solid  electrodes.  The  most  com- 
mon form  of  carbon  telephone  transmitters  in 
use  to-day  are  varieties  of  the  microphone.  It 
may  be  added  that  Professor  Hughes  gave  this 
instrument  to  the  world  gratis.  The  principle 
of  the  microphone  has  also  been  utilized  in  a 
stethoscope  and  in  a  telephonic  relay. 

ELECTRIC  MOTOR.  The  electric  motor 
is  simply  a  dynamo  reversed,  a  machine  for 
transforming  electrical  energy  into  mechani- 
cal power,  it  takes  its  power  from  off  a  wire, 
as  sent  by  a  dynamo  from  the  source.  To  un- 
derstand the  technique  of  its  construction  and 
operation,  consult  the  articles  on  Electric 
Direct  Current;  Electricity  and  Elec- 
trical Alternating  Current  Machinery. 
The  small  electric  motor  has  displaced  the 
steam  engine  in  a  great  many  uses,  and  con- 
tinues to  supplant  it.  In  1909  there  were  more 
than  half  a  million  small  motors  made  for  man- 
ufacturing establishments  in  the  United  States, 
with  a  total  hor^c  power  of  nearly  3,000,000 
and  a  valuation  of  $32,000,000.  More  and  more 
power  is  being  produced  in  large  plants  utiliz- 
ing some  waterfall  to  rotate  dynamos,  and 
sending  out  current,  much  of  which  is  used  for 
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small  electric  motors,  driving  individual  ma- 
chines. Users  of  machinery  in  almost  all  lines 
now  accept  it  as  the  host  practice  to  equip  all 
large  machines  with  individual  motors,  and  in 
this  way  not  only  make  their  operation  inde- 
pendent of  other  machines,  but  also  save  the  ex- 
pense of  surplus  power  and  of  running  shaft- 
ing and  belts  when  the  machines  are  idle. 
While  electric  motors  have  cost  more  in  some 
cases  than  steam  or  gas  engines,  and  while  the 
charge  for  electric  power  in  many  localities  is 
higher  than  for  direct  steam  power,  yet  the 
convenience  and  the  doing  away  with  cum- 
bersome overhead  shafts  and  belts  has  more 
than  offset  these.  The  individual  motor  per- 
mits machines  to  be  located  without  reference 
to  shafting  lines,  and  makes  for  greater  effi- 
ciency and  output.  With  each  added  machine 
a  new  motor  comes,  and  there  is  no  throw- 
ing out  of  central  engine  plants  to  make  way 
for  larger.  The  small  electric  motor  may  be 
built  in  as  a  part  of  the  machine,  or  it  may  be 
bolted  to  the  floor  or  ceiling.  It  may  be  di- 
rect-connected if  the  speed  of  the  machine  is 
appropriate,  or  it  may  be  connected  by  reducing 
gears,  rendered  nearly  noiseless  by  introducing 
rawhide.  Belt  connection  is  often  used  direct 
or  through  cone  pulleys,  and  where  the  power 
transmitted  is  li^'ht,  a  friction  connection  is 
made  satisfactory  bv  covering  the  smaller  of  the 
opposed  pulleys  with  a  leather  face.  Where 
machines  are  small  it  is  common  to  group 
them  for  motor-driving;  four  or  six  machines 
will  all  be  coupled  to  one  motor,  conveniently 
located  in  the  centre  of  the  group. 

Manufacturers  wind  motors  in  an  almost  in- 
finite number  of  ways  to  suit  an  endless  variety 
of  conditions.  By  placing  resistances  in  the 
shunt  circuit,  a  considerable  variety  of  speed  is 
permitted.  For  printing  presses  a  motor  is 
made  with  a  continuous  current  transformer  of 
variable  ratio.  This  permits  a  slow  speed  with- 
out loss,  as  a  small  current  at  full  pressure  is 
instantly  convertible  to  a  large  current  at  low 
pressure.  Continuous  current  series  motors  arc 
preferred  when  the  work  is  irregular,  as  in 
starting  under  heavy  load,  as  with  a  crane- 
hoist,  or  when  encountering  extra  load  from  fric- 
tion or  dampness,  as  with  cotton  spinning  ma- 
chines on  a  day  of  high  humidity.  Single-phase 
alternating  current  motors  have  special  uses, 
but  are  not  well  adapted  to  sudden  changes  of 
load.  Motors  that  arc  both  shunts  and  scries 
wound  are  in  large  demand.  This  type  is  used 
on  passenger  elevators.  The  driving  drum  that 
carries  the  wire  rope  that  hoists  and  lowers 
the  elevator  is  commonly  d  riven  by  this  type  of 
motor.  To  secure  the  needed  gear  reduction 
without  grinding  noise,  a  steel  worm  and  gun- 
metal  spur  gear  are  run  in  oil.  When  the 
operator  pulls  the  rope  or  lever  in  the  elevator 
he  turns  the  starting  switch  or  controller  on  or 
off.  A  band-brake  on  the  motor  shaft  guards 
against  racing,  and  is  normally  held  out  of 
operation  magnetically.  Thus  if  the  current 
fails  the  brake  slows  up  the  elevator.  An  au- 
tomatic switch  is  placed  to  shut  off  the  current 
at  the  top  and  bottom  of  the  elevator's  travel. 
See  Electrical  Manufacturing  Industry. 

ELECTRIC  NAVIGATION.  Vessels  of 
small  draft  arc  now  propelled  by  electricity. 
The  power  drive*  a  motor,  which  actuates  a 
screw  propeller.    The  current  is  generally  sup- 


plied by  a  storage  battery.  From  their  noise- 
lessness  electric  boats  are  peculiarly  available 
for  nocturnal  torpedo  operations,  and  the  uni- 
versal equipment  of  modern  warships  with  elec- 
tric lighting  and  power  plants  makes  their  use 
possible  at  all  points.  This  type  is  often  termed 
an  electric  launch,  and  most  of  all  electric 
boats  fall  under  this  category 

ELECTRIC  PEN,  a  pen  invented  liy 
Thomas  A.  Edison,  bearing  on  its  head  a  small 
magnet,  arranged  to  rapidly  reciprocate  a 
needle  so  that  it  protrudes  and  withdraws  from 
the  point.  When  connected  with  a  battery  this 
pen  may  be  used  to  write  or  make  drawings 
which  appear  on  the  paper  as  a  series  of  per- 
forations. The  paper  so  perforated  can  be  used 
for  stencil  printing,  and  several  hundred  copies 
struck  off. 

ELECTRIC  PENDULUM,  a  form  of 
electroscope  consisting  of  a  pith  ball  suspended 
by  a  non-conducting  thread. 

ELECTRIC      PHONOGRAPH.  Sec 

Phonograph. 

ELECTRIC  POLICE  SIGNALS.  See 

Electric  Signaling. 

ELECTRIC  POWER.  Sec  Electric  Ma- 
chine; Power. 

ELECTRIC  RAILROAD.  See  Traction. 
Electric. 

ELECTRIC  RAILROAD  BLOCK  SIG- 
NALS. See  Electric  Signaling;  Block  Sig- 
nal System. 

ELECTRIC  REPULSION,  the  mutual 
tendency  of  similarly  electrified  bodies,  or 
similar  electric  charges,  to  repel  one  another. 

ELECTRIC  RESISTANCE,  that  non- 
conducting property  of  a  substance  that  resists 
or  limits  the  passage  of  an  electric  current ;  the 
characteristic  that  goes  to  make  a  good  non- 
conductor or  insulator;  sometimes  called  re- 
luctance. It  is  defined  mathematically  as  equal 
to  the  electro-motive  force  divided  by  the  cur- 
rent-strength. All  metals  present  some  resist- 
ance to  an  electric  current,  mercury  being  the 
most  resistant.  For  the  relative  resistance  of 
metals  sec  table  under  Electric  Conductivity. 
The  resistance  of  a  conductor  varies  directly  as 
its  length  and  inversely  as  its  cross  section.  A 
box  containing  coils  that  are  designed  to  resist 
or  impede  a  current  is  called  a  resistance-box 
or  rheostat.  The  starting-box  of  an  electric 
car  and  the  controllor  of  a  machine  run  by 
motor  arc  based  on  this  principle.  The  unit  of 
electrical  resistance  is  the  ohm.  See  Electrical 
Units. 

ELECTRIC  SIGNALING.  While  it  is 
true  in  a  broad  sense  that  any  method  of  com- 
municating intelligence  to  a  distance  is  em- 
braced in  the  term  telegraphy,  in  the  present  in- 
stance the  term  electric  signaling  will  be  em- 
ployed to  cover  the  signaling  systems  and  meth- 
ods described  in  this  article.  This  term  is  per- 
haps the  more  appropriate  inasmuch  as  certain 
of  the  systems  to  be  outlined  in  reality  partake 
more  of  the  nature  of  mere  signals  than  of  a 
means  of  transmitting  intelligence  as  that  term 
is  generally  understood.  Almost  without  excep- 
tion electro-magnetism  is  employed  in  the  op- 
eration of  electric  signals.  Sec  Electro-Mag- 
netism. 

The  Electric  Door-Bell.— This  is  perhaps 
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the  best  known  and  one  of  the  simplest  methods 
of  electric  signaling  In  its  operation  it  em- 
ploys a  primary  battery,  a  push  button  at  the 
door,  a  vibrating  bell  within  the  house,  and  a 
wire  connecting  the  push  button  and  the  bell. 
The  bell  and  its  armature,  the  connecting  wire, 
the  push  button  and  the  battery,  comprise  the 
electric  circuit.  The  push  button  is  merely  a 
key  consisting  of  two  strips  of  metal  which 
when  pressed  together  allowed  the  current  to 
flow.  The  electric  bell  consists  of  a  coil  of 
wire  wound  around  a  soft  iron  core.  Its 
armature  carries  at  its  free  end  a  small  hammer 
which,  when  the  armature  is  attracted,  strikes 
against  a  small  gong,  ringing  it.  The  vibration 
of  the  hammer  is  brought  about  by  a  very 
simple  device.  Normally  the  armature  rests 
against  a  contact  point  which  is  a  part  of  the 
circuit;  the  armature  itself  also  being  a  part  of 
the  circuit.  The  circuit  is  normally  open  at  the 
push  button.  When  this  button  is  pressed  the 
circuit  is  closed  and  the  armature  of  the  bell  is 
forthwith  attracted,  its  hammer  striking  the 
gong  at  that  instant.  In  the  act  of  moving 
forward,  however,  the  armature  leaves  the  con- 
tact point  against  which  it  had  been  resting, 
with  the  result  that  the  circuit  is  opened  at  that 
point.  This  has  the  effect  of  permitting  the 
magnet  of  the  bell  to  lose  its  magnetism,  where- 
upon the  armature  falls  upon  its  contact  point, 
again  closing  the  circuit  with  the  result  that 
the  armature  is  again  attracted,  which  action  is 
continuously  repeated  so  long  as  the  push  button 
is  pressed  in.  A  small  spiral  or  tension  spring 
suffices  to  keep  the  push  button  normally  open. 
Sec  Electric  ufxl. 

Annunciator  Signals. —  The  "annunciator" 
or  call-bell  systems  so  generally  used  in  hotels 
and  offices  utilize  the  principle  of  the  door  bell. 
Annunciator  systems  in  fact  might  be  termed 
multiple  electric  door-bell  systems.  Usually  a 
wire  runs  from  each  room  to  a  central  point 
or  office  where  the  annunciator  is  placed.  This 
annunciator  contains  within  its  case  a  small 
electro-magnet  for  each  room.  One  battery  is 
caused  to  supply  the  current  for  all  the  circuits 
by  simply  connecting  the  wire  from  each  room 
to  the  terminals  of  the  battery.  In  a  similar 
way  one  bell  at  the  annunciator  is  caused  to 
respond  to  all  the  calls  that  come.  The  arma- 
ture of  each  electro-magnet  within  the  case- 
carries  a  small  shutter,  on  which  is  placed  the 
number  or  letter  of  the  room  with  which  it 
is  connected.  This  shutter  is  held  out  of  sight 
by  means  of  a  small  catch  hook  attached  to 
the  armature  of  the  magnet  until  the  push 
button  in  a  given  room  is  pressed,  where- 
upon the  armature  is  attracted,  releasing  the 
shutter,  which  instantly  drops,  showing  the 
number.  At  the  same  time  the  annunciator  bell 
rings,  directing  the  attention  of  the  clerk  to  the 
call.  In  other  forms  of  annunciators  the  fall- 
ing of  the  armature  is  caused  to  deflect  a  small 
arrow  on  the  face  of  the  case,  beneath  where 
is  marked  the  number,  name  or  letter  of  the 
room.  There  may  be  almost  any  number  of 
rooms  for  1  up  to  100  or  more  connected  with 
one  annunciator.  In  practice  a  single  wire, 
called  the  "common  return"  wire,  is  usually  run 
from  the  battery  and  annunciator  to  all  rooms. 
From  each  room  a  separate,  individual  wire  is 
then  run.  from  the  "common  return"  in  the 
room,  through  the  push  button  and  then  down 
to  the  electro-magnet  in  the  annunciator,  there- 


by supplying  a  separate  circuit  for  each  room. 
In  order  to  restore  the  shutters  to  their  normal 
position  after  the  call  has  been  received,  a  rod 
is  provided  with  a  knob  at  its  lower  end  which 
projects  below  the  under  side  of  the  case  con- 
taining the  annunciator  magnets.  By  pushing 
up  the  rod  a  cross-bar  within  the  case  is  raised 
and  this  cross-bar  in  turn  lifts  up  and  resets 
the  shutter  and  armature  for  the  next  call.  In 
the  later  form  of  annunciators  which  arc  now 
frequently  operated  by  alternating  current  of 
low  voltage,  the  shutters  of  the  annunciator 
are  electro-magnetically  reset  by  merely  push- 
ing a  button,  thereby  closing  the  circuit  of  an 
electro-magnet. 

Burglar  Alarm  Signals. —  For  rimple  do- 
mestic purposes  the  arrangement  employed  for 
burglar  alarm  signals  is  also  closely  akin  to  the 
systems  just  described,  the  main  difference 
being  that  the  finger  push  button  is  displaced 
by  a  circuit  closing  contact  in  the  frame  of  a 
window  or  the  jamb  of  a  door.  To  bring 
about  the  result  desired  the  circuit  closer  is 
placed  on  the  frame  of  the  window  in  such  a 
way  that  the  movable  portion  of  the  circuit 
closer  projects  beyond  the  surface  of  the 
window  frame.  The  contacts  of  the  circuit 
closer  arc  held  apart  normally  by  a  simple 
spring.  In  order  that  when  the  window  is 
closed  this  projection  may  not  be  depressed,  a 
piece  is  cut  out  of  the  window  sash  at  a  point 
directly  opposite  the  projecting  circuit  closer. 
In  an  analogous  manner  the  circuit  closer  is 
attached  to  a  door  jamb.  The  wires  leading 
to  the  circuit  closer  are  concealed  behind  the 
woodwork.  When  a  window  is  raised  or  a 
door  is  opened  by  an  intruder  the  contact  points 
of  the  circuit  closer  are  brought  together, 
whereupon  the  annunciator  bell  is  rung,  giving 
the  alarm,  and  at  the  same  time  the  room  where 
the  door  or  window  has  been  opened  is  indi- 
cated by  the  dropping  of  the  corresponding 
shutter  in  the  annunciator.  The  annunciator  is 
located  in  any  desired  part  of  the  house, 
usually  in  a  bedroom.  The  method  described 
is  termed  an  open  circuit  method.  In  such  sys- 
tems what  is  known  as  open  circuit  batteries, 
such  as  the  ordinary  dry  batteries,  may  be  used. 
In  some  cases,  to  guard  against  a  momentary 
opening  of  a  door  or  window,  such  as  would 
only  occasion  a  short  ring  of  the  alarm  bell, 
not  sufficient  perhaps  to  arouse  a  sleeper,  an 
auxiliary  arrangement  is  provided  at  the  an- 
nunciator consisting  of  a  drop  arranged  to 
close  the  bell  circuit  continuously  until  the  drop 
is  reset.  A  small  switch  is  provided  near  the 
annunciator  by  means  of  which  the  alarm  cir- 
cuit may  be  opened  during  the  daytime  so  that 
needless  alarm  may  not  be  given  by  the  ordi- 
nary opening  of  windows.  Other  switches  are 
also  used  for  the  purpose  of  testing  the  vari- 
ous circuits  to  see  that  they  are  in  proper 
working  condition.   Sec  Electric  Annunciator. 

Central  Office  Burglar  Alarm  System.— 
This  system,  as  the  name  implies,  relates  to  one 
in  which  the  ringing  of  an  electro-magnetic 
alarm  in  a  central  office  will  announce  the 
presence  of  intruders  in  the  building  or  build- 
ings in  which  the  protecting  apparatus  is  in- 
stalled The  central  office  may  be  any  con- 
venient distance  from  the  protected  buildings. 
These  systems  are  frequently  termed  electric 
protective  systems.  The  plan  usually  adopted 
is  to  run  a  net-work  of  wires  through  parti- 
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lions,  across  floors,  skylights,  etc.  These  wires 
are  part  of  a  circuit  extending  to  the  central 
office,  and  the  said  wires  are  so  connected  with 
the  circuit  that  any  interference  with  them, 
after  they  have  been  "set,"  will  cut  out  a  high 
resistance,  consisting  of  a  coil  of  wire,  suitably 
placed  in  the  circuit  of  the  protected  building. 
The  cutting  out  or  short-circuiting  of  this  re- 
sistance will  so  increase  the  strength  of  the 
current  in  the  circuit  as  to  operate  a  "double- 
balanced*  instrument  in  the  central  office.  If 
on  the  other  hand  the  resistance  is  not  "cut  out," 
but  instead  the  wires  of  the  circuit  be  cut  or 
broken,  by  accident  or  design  on  the  part  of 
intruders,  the  consequent  absence  of  current,  or 
even  a  slight  decrease  of  current,  will  likewise 
cause  an  alarm  in  the  central  station.  The 
doublcd-balanccd  instrument  at  the  central 
office  is  usually  a  relay,  the  armature  of  which 
carries  a  needle  that  normally  stands  at  a  zero 
point,  from  which  point  it  may  be  deflected  in 
cither  direction.  An  increase  of  current  on  the 
circuit  deflects  it  in  one  direction  — a  decrease 
of  current  allows  a  spring  or  weight  to  deflect 
it  in  the  other  direction.  In  either  case,  the 
alarm  is  given  when  the  needle  moves  and  an 
attendant  is  despatched  to  the  premises  from 
which  the  alarm  has  emanated.  Each  relay  is  of 
course  suitably  numbered  or  othenvise  desig- 
nated in  the  central  office  so  that  the  building 
with  which  it  is  connected  is  known. 

Telegraph  Message  Service  or  Emergency 
Signals. —  This  service  relates  to  the  supplying 
or  calling  of  messengers,  policemen,  firemen, 
etc.,  at  the  call  of  or  by  a  "subscriber, D  in 
whose  house  or  office  a  "call  box"  has  been 
placed.  This  call  box  is  electrically  connected 
by  means  of  a  wire  with  a  central  office  at 
which  the  messengers  arc  located,  and  from 
which  office  communication  with  police  and  fire 
headquarters  can  quickly  be  made.  Each  call 
box  is  numbered  and  is  supplied  with  what  arc 
termed  "make  and  break"  attachments  which 
are  set  in  operation  by  the  turning  of  a  crank 
on  the  cover  of  the  box.  These  attachments, 
when  thus  operated,  transmit  automatically  to 
the  central  office  the  number  of  the  box,  which 
at  once  indicates  to  that  office  the  location  of 
the  signaling  box.  The  construction  and  opera- 
tion of  the  call  box  arc  as  follows:  A  crank  is 
mounted  rigidly  with  a  recoil  spring  on  a  shaft. 
On  this  shaft  is  also  mounted,  but  loosely,  a 
cog-wheel.  A  "break-wheel,"  having  a  number 
of  slots  in  its  periphery,  is  geared  with  the  cog- 
wheel in  such  a  manner  that  it  receives  a  tend- 
ency to  turn  in  a  given  direction,  but  it  is 
normally  prevented  from  turning  by  the  engage- 
ment of  a  pin  on  its  side  with  a  curved  cam 
which  is  attached  to  a  prolongation  of  the 
crank  arm.  When,  however,  the  crank  lever  is 
turned  to,  say  the  right,  preparatory  to  send- 
ing in  a  call,  the  cam  is  automatically  moved  out 
of  the  path  of  the  said  pin  and  the  break-wheel 
is  then  free  to  move.  By  a  suitable  pawl  and 
ratchet,  the  cog-wheel  is  prevented  from  mov- 
ing when  the  crank  is  turned  to  the  right.  The 
effect  of  turning  the  crank  is  to  wind  the  recoil 
spring.  When  the  crank  is  let  go  the  spring 
unwinds  and  turns  with  it  the  break-wheel 
which  completes  a  revolution;  at  the  end  of 
which  it  is  again  held  by  the  pin  as  before.  The 
break-wheel  is  made  part  of  the  circuit  leading 
from  the  box  to  the  central  office.   A  flat  metal 
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spring  which  is  also  part  of  the  said  circuit 
rests  on  the  periphery  of  the  break-wheel  in 
such  a  manner  that  when  the  wheel  is  making 
its  revolution  the  spring  falls  into  the  slots  on 
the  said  periphery  and  opens  the  circuit  as 
many  times  as  there  are  slots  provided.  If,  for 
instance,  the  number  of  a  given  box  is  24,  there 
will  be  cut  on  the  periphery  two  slots  in  close 
succession,  then  an  interval  of  unbroken  metal 
surface  followed  by  four  slots  in  succession. 
The  circuit  in  such  a  case,  as  the  wheel  rotates, 
will  be  opened  twice  in  succession,  closed  for  an 
interval,  and  then  opened  four  times  in  succes- 
sion, with  the  result  that  a  bell  at  the  central 
office  will  give  out,  first  two  strokes,  and  then 
four  strokes,  on  its  gong.  A  large  number  of 
such  boxes  can  be  placed  on  one  circuit  without 
causing  confusion.  The  call  box  just  described 
suffices  to  send  in  a  swift  call  for  a  messenger. 
When  it  is  desired  to  make  it  possible  to  call  a 
policeman,  doctor  or  fireman  by  the  same  type 
of  box,  it  is  provided  with  a  "stop*  that  projects 
through  the  cover  in  such  a  way  that  the  crank 
cannot  be  moved  beyond  a  certain  point.  The 
ordinary  position  of  the  "stop*  would  be  at 
the  messenger  call,  in  which  case  the  number 
of  the  box  only  would  be  sent  in  when  the 
crank  is  turned.  If,  however,  a  doctor  should 
be  desired,  the  stop  is  moved  to  a  point  marked 
"doctor,*  on  the  cover  of  the  box,  and  in  turn- 
ing the  crank  it  is  moved  up  to  that  point. 
This  farther  movement  of  the  crank  has  the 
effect  of  bringing  into  operation  one  or  more 
additioncl  slots  on  the  periphery  of  the  break- 
wheel  in  consequence  of  which  the  box  number 
is  preceded  by  one  or  more  single  strokes  on 
the  bell,  which  indicate  to  the  central  office 
attendant  that  a  doctor,  fireman  or  policeman, 
as  the  case  may  be,  is  desired. 

Fire  Alarm  Telegraph  Signals. —  The  im- 
portance of  electricity  as  a  time  saver  in  an- 
nouncing the  existence  of  a  fire  can  scarcely  be 
overestimated.  A  special  feature  of  the  electric 
fire-alarm  system  is  that  it  not  only  gives  the 
alarm,  but  also  indicates  to  the  firemen  the  lo- 
cation of  the  fire,  or  within  a  very  short  dis- 
tance thereof.  It  may  be  noted  that  a  simple 
fire-alarm  system  is  in  many  respects  similar 
to  the  systems  just  described,  in  that  it  consists 
of  a  central  office  or  station  in  which  alarm  ap- 
paratus and  battery  are  located,  and  of  signal 
boxes  in  the  street  and  elsewhere  by  which  to 
transmit  alarms  to  the  central  office.  A  wire 
connects  the  central  station  with  the  various  sig- 
nal boxes  in  the  streets  and  fire-engine  stations. 
In  each  signal  box  is  placed  a  break-wheel, 
practically  similar  to  that  used  in  the  call-boxes 
of  the  district  messenger  or  emergency  service ; 
the  main  difference  being  that  owing  to  the 
more  exposed  position  of  the  fire-alarm  boxes 
and  their  greater  relative  importance,  more  sub- 
stantial boxes  are  employed.  In  general  these 
signal  boxes  are  supplied  with  an  inner  and 
outer  door  to  protect  the  apparatus  from  the 
elements.  The  signal  boxes  arc  provided  with 
a  crank  or  a  hook  which  on  being  operated 
causes  an  alarm  to  Ik?  sent  to  the  central  sta- 
tion giving  the  number  of  the  box  from  which 
the  call  has  emanated.  The  signal  box  is  also 
provided  with  a  small  electric  gong,  which 
rings  each  time  the  circuit  is  opened.  This  in- 
timates to  the  one  sending  in  the  alarm  that  the 
alarm  is  being  properly  transmitted.    It  also 
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serves  the  purpose  of  intimating  to  anyone  who 
might  open  an  adjacent  box  to  send  in  an  alarm 
therefrom,  that  the  alarm  is  already  being  sent, 
thus  preventing  interference.  A I  the  central 
station  and  the  various  fire  stations  a  gong  is 
struck  a  number  of  times  corresponding  with 
the  number  of  the  box  from  which  the  alarm 
emanates.  In  the  same  circuit  also  an  ink-re- 
cording register  in  the  central  office  marks  on 
a  paper  strip  the  number  of  the  signaling  box, 
thus  giving  a  permanent  record  of  such  alarm. 
Inasmuch  as  it  is  not  good  practice  to  put 
more  than  25  or  30  signal  boxes  on  one  circuit, 
but  yet  is  very  important  that  all  the  fire  sta- 
tions in  a  given  district  should  receive  the 
alarm,  a  repeating  device  is  utilized  at  the  cen- 
tral station  which  receives  the  alarm  from  any 
one  of  the  circuits  and  thereupon  repeats  it  au- 
tomatically or  manually  to  all  the  other  cir- 
cuits. It  frequently  happens  that  two  or  more 
street  boxes  on  the  same  circuit  arc  pulled  si- 
multaneously by  different  people  To  prevent 
the  confusion  of  signals  that  this  would  ordi- 
narily entail  special  arrangements  have  been 
devised,  termed  the  non-interfering  succession 
signal  fire-alarm  boxes.  These  boxes  not  only 
prevent  interference  with  the  signals  already  in 
process  of  transmission  by  any  given  box,  but 
also  permit  every  box  that  may  have  been 
pulled  simultaneously  to  send  in  its  signal  in 
rotation,  automatically. 

Automatic  Fire-Alarm  Signals.—  In  many 
of  the  large  cities  of  the  United  States  an  aux- 
iliary to  the  regular  fire-alarm  system,  consist- 
ing of  some  form  of  thermostat  included  in  a 
circuit  in  the  building  to  be  protected,  is  em- 
ployed. This  system  again  is  somewhat  analo- 
gous to  the  messenger  telegraph  system  de- 
scribed, the  chief  difference  being  that  in  the 
one  case  the  signal  box  is  manually  operated, 
while  in  the  other  case  an  increase  of  tempera- 
ture, due  to  fire,  by  affecting  the  thermostat 
causes  the  alarm  to  be  transmitted.  Thermo- 
stats are  of  different  types.  On?  type  consists 
of  a  crescent-shaped  spring,  made  up  of  two 
strips  of  metal,  steel  and  copper,  one  over  the 
other.  One  end  of  the  spring  or  strips  is  fas- 
tened to  a  support,  the  other  end  is  adjacent 
to  a  contact  point  of  an  electric  circuit.  As  the 
metals  named  do  not  expand  equally  under  in- 
creased temperature  the  spring  as  a  whole 
bends  or  buckles  when  the  temperature  in- 
creases, and  the  movable  end  makes  connection 
with  the  contact,  therehy  closing  the  alarm  cir- 
cuit with  the  result  desired.  Other  types  of 
thermostats  are  made  of  easily  fusible  alloys. 
Still  another  form  of  thermostat  consists  of  a 
drum-shaped  box,  holding  substances  which 
have  a  high  cxpans:on  under  increased  temper- 
ature. The  expansion  causes  the  ends  of  the 
box  to  bulge,  thereby  closing  an  alarm  circuit. 

Police  Electric  Signals.— These  may  be 
considered  as  more  or  less  amplified  fire-alarm 
systems,  consisting  a<  they  do  of  signal  boxes 
placed  on  poles  and  in  booths  along  the  routes 
of  the  policemen;  from  which  boxes  sipnals  of 
all  kinds  may  be  transmitted  to  and  from  police 
headquarters.  The  sicrnal  boxes  are  connected 
by  a  suitable  wire  with  headquarter*. ;  and  each 
box  has  a  break-wheel,  carrying  the  number  of 
the  box.  A  telephone  outfit  is  also  placed  in  the 
box  bv  means  of  which  the  policemen  may  con- 
verse with  the  main  station.    In  fact  the  tele- 


phone is  used  nearly  exclusively,  the  policeman 
as  he  arrives  at  a  signal  box  sending  in  a  signal 
which  intimates  to  the  attendant  at  headquarters 
the  number  of  the  box  at  which  he  has  arrived 
in  the  course  of  his  beat,  whereupon  the  at- 
tendant communicates  with  the  policeman  and 
takes  his  number,  thus  getting  a  record  of  his 
whereabouts.  If  the  officer  desires  to  send  in 
a  special  signal  of  any  kind,  as  for  an  ambulance 
or  wagon,  or  for  assistance,  he  can  do  so  by  a 
special  arrangment  within  the  box.  In  some 
cities  certain  citizens  are  supplied  with  keys  of 
the  signal  boxes.  Such  citizens  are  authorized 
to  send  in  signals  for  police  assistance  in  cases 
of  emergency,  and  thus  the  police  force  is  prac- 
tically augmented  by  a  volunteer  service.  In 
many  cities  alio  the  police  signal  apparatus  is 
kept  in  a  kiosk  or  sentry-box  on  the  sidewalk 
curb.  On  the  top  of  these  boxes  an  electric 
colored  lamp  is  placed  and  so  connected  that  it 
may  be  lighted  from  police  headquarters  to  call 
a  policeman  to  the  post  for  instructions. 

Railway  Electric  Block  Signals. —  A  block 
system  in  brief  consists  of  a  means  of  showing 
manually  or  automatically  certain  signals  which 
indicate  to  the  engineer  of  a  train  that  a  cer- 
tain portion  or  section  of  the  track  before  him 
is  "clear"  or  occupied.  The  road  is  divided  into 
sections  or  blocks  which  are  of  various  lengths 
depending  in  a  great  measure  on  the  topography 
of  the  route  and  the  amount  of  traffic.  The 
length  of  a  block  varies  from  600  feet  to  several 
miles.  The  signals  employed  in  a  "block"  are 
either  *safety,"  'caution"  or  "danger,"  repre- 
sented by  a  white  light  or  sign,  a  green  light  or 
sign  and  a  red  light  or  sign,  respectively.  The 
sign  usually  consists  of  the  well-known  sema- 
phore arm  or  blade.  In  automatic  electric  sys- 
tems the  circuits  and  apparatus  are  generally 
so  arranged  that  the  entrance  of  a  train  into  a 
"block*  sets  the  danger  signal  and  that  signal  is 
displayed  until  the  train  passes  out  of  that  block 
into  the  next,  when  the  danger  signal  is  lowered 
and  the  caution  signal  is  shown.  When  the 
train  passes  into  a  second  block  ahead  the  cau- 
tion signal  is  lowered  and  safety  is  shown.  The 
part  assigned  to  electricity  in  the  operation  of 
these  signals  consists  in  actuating  electro-mag- 
nets which  are  placed  in  circuits  capable  of 
being  opened,  closed  or  short-circuited  by  the 
car  wheels  of  a  train,  which  electro-magnets 
are  caused  directly  or  indirectly  to  operate  the 
signals.  In  what  is  known  as  the  Hall  Block 
Signal  system  the  blades  are  operated  against 
gravity  by  an  electric  motor  placed  in  a  case 
at  the  top  or  foot  of  the  pole  supporting  the 
signals;  suitable  battery  being  provided  for  the 
operation  of  the  motor.  Thus  when  a  train 
enters  a  given  block  a  circuit  is  closed  which 
starts  the  motor  which  in  turning,  by  a  system 
of  cog-wheel  gearing,  raises  the  blade  to  a  pre- 
arranged point,  at  which  time  the  motor  cir- 
cuit is  automatically  opened  and  the  signal  is 
held  in  position  by  an  elcctro-masmet  until  the 
train  moves  out  of  the  block,  when  the  blade 
is  released  and  falls  bv  gravity,  means  being 
provided  to  graduate  s»nd  safeguard  the  fall  of 
the  blade  by  means  of  friction,  due  to  the  action 
of  a  centrifugal  governor.  Another  electric 
blork  system  uses  a  disc  enclosed  in  a  drum- 
shaped  box  on  the  top  of  a  pole.  This  disc  is 
operated  bv  an  electro-magnet,  the  latter  being 
attracted  by  an  electric  current  which  is  under 
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of  the  engine,  the  latter  operating,  as  it 
passes,  a  heavy  circuit  closer  by  the  side  of  the 
track.  There  is  one  of  these  circuit  closers  at 
the  beginning  and  end  of  a  block.  The  engine 
thus  sets  the  signal  to  danger  as  it  comes  into 
a  block  and  sets  it  at  clear  as  it  leaves  the 
Mock.  A  device  named  the  Miller  Cab  signal 
is  different  from  the  foregoing  systems.  It 
consists  of  suitable  apparatus  and  battery  for 
operating  certain  electric  lights  in  the  engine 
cab.  Normally  a  white  light  is  burning,  but 
when  there  is  another  train  on  the  block  in 
which  the  train  enters,  the  circuits  arc  so  oper- 
ated that  the  white  light  is  cut  out  of  the  cir- 
cuit and  a  red  light  is  lit  up  in  its  place.  This 
notifies  the  engineer  of  the  near  proximity  of 
another  train.    Sec  Block  Sional  System. 

For  a  more  detailed  and  illustrated  account 
of  the  foregoing  systems,  the  reader  may  be  re- 
ferred to  the  author's  'American  Telegraphy 
and  Encyclopaedia  of  the  Telegraph.' 

William  Maver,  Jr., 
Author  of  < American  Telegraphy. > 

ELECTRIC  SMELTING.  See  Electric 
Furnaces  ;  Metallurgy. 

ELECTRIC  STORAGE  BATTERY, 
The.  Electrical  energy  is  developed  in  com- 
mercial quantity  at  the  present  day  almost 
exclusively  by  means  of  a  dynamo-electric 
machine,  driven  in  turn  by  a  steam  engine,  gas 
engine,  water  wheel  or  other  prime  mover.  A 
plant  of  either  of  these  kinds  is  somewhat 
complicated,  so  as  to  require  skilled  care  in  its 
operation ;  the  electrical  energy  is  available  only 
while  the  machinery  is  in  actual  motion,  and 
at  such  points  as  arc  connected  with  the  gen- 
erating plant  by  suitable  electrical  distributing 
circuits. 

A  device  to  supply  electrical  energy,  under 
isolated  conditions,  and  in  such  form  as  to  be 
instantly  available  over  long  periods  of  time  is 
therefore  an  almost  imperative  necessity  and 
the  device  which  science  has  developed  for  this 
purpose  is  known  as  the  electric  storage 
battery. 

The  storage  battery  does  not,  as  its  name 
might  imply,  store  energy  in  the  electrical  form, 
but  rather  in  the  chemical,  and  hence  it  belongs 
to  the  general  family  of  electro-chemical 
apparatus. 

Electro-Chemistry  of  Storage  Battery  — 

The  essential  "working  parts"  of  a  battery, 
broadly  speaking,  are  three  in  number,  namely, 
active  material  of  the  positive  and  negative 
plates,  respectively,  and  the  electrolytic  solu- 
tion, surrounding  and  electrically  connecting  the 
first  two. 

For  the  purpose  of  causing  these  working 
parts  to  function  as  a  battery,  there  are  required 
a  number  of  subsidiaries,  equally  necessary, 
whose  duties  are  mainly  mechanical  and  elec- 
trical in  their  nature.  The  active  material  con- 
sists of  a  more  or  less  cemented  mass  of 
powder,  possessed  in  itself  of  very  little 
mechanical  strength.  To  retain  this  material 
in  working  condition  there  are  required  the 
"grids,"  which,  as  the  name  implies,  are  in 
most  cases  flat  metallic  plates  of  very  open 
grid-like  structure,  with  projections  or  «lugs» 
at  one  corner,  to  serve  for  making  the  electrical 
connections. 

So't  —  T>e  »rti1e  of  siioa  of  the  variou*  figure*  refer*  in 
•Jlewe.10  1 


Since  the  plates  of  opposite  polarity  would 
quickly  discharge  themselves  if  allowed  to 
touch,  they  must  be  kept  apart,  and  this  is 
invariably  accomplished  by  the  insertion  of 
*scparators"  between  them. 

As  the  electrolyte  is  almost  invariably  a 
liquid,  rarely  a  jelly-like  substance,  there  is 
required  a  retaining  vessel,  glass  or  hard  rub- 
ber jar,  lead  lined  tank  or  steel  jar,  according 
as  the  case  may  be. 

Reference  to  Figs.  24  and  25  will  make  clear 
the  general  construction ;  the  plates,  alternately 
positive  and  negative  side  by  side,  with  sep- 
arators between,  and  resting  or  hanging  in  a 
jar  which  holds  the  electrolyte.  A  very  neces- 
sary detail  of  design  is  that  there  shall  be  left 
sufficient  clear  space  Inrneath  the  plates  so  that 
the  sediment  which  gradually  collects  may  settle 
there  without  contacting  with  the  plates  and 
causing  a  short  circuit. 

While  attempts  have  been  made  to  utilize 
all  sorts  of  materials  as  "working  parts*  the 
successful  combinations  have  narrowed  down, 
until  to-day  there  are  practically  only  two  in 
commercial  operation. 

The  older  and  far  the  most  generally  used 
is  known  as  the  lead-sulphurit  acid  type;  the 
newer  as  the  alkaline,  or,  more  generally,  the 
Edison  type.  A  description  of  each  type  sep- 
arately will  be  followed  by  a  brief  analysis  of 
its  characteristics. 

Equations  of  the  Alkaline  Battery.— The 
Edison  battery  is  chosen  as  the  representative 
of  the  alkaline  type  because,  although  other 
varieties  have  been  developed,  and  have  met 
with  limited  success  in  Europe,  yet  Mr.  Edison 
has  carried  the  development  of  the  type  so 
much  beyond  any  of  the  others  that  to-day  his 
is  the  only  alkaline  battery  of  commercial 
importance. 

The  positive  active  material  consists  of 
nickel  peroxide ;  the  negative  of  spongy,  metal- 
lic iron;  the  electrolyte  of  caustic  potash  or 
caustic  soda  solution.  The  chemical  affinity  of 
the  sponge  iron  for  oxygen  constitutes  the 
chief  working  force  of  the  cell,  diagrammat- 
ically  represented  in  Fig.  1,  in  which  A  and  B 
are  the  positive  and  negative  plates  and  C  the 
active  material,  immersed  in  the  electrolyte 
within  the  retaining  vessel. 

The  reaction  of  discharge  may  be  explained 
thus:  KOH  readilv  splits  up  into  the  two 
"ions*  OH  and  K;  the  former  tending  to  travel 
to  the  negative  plate,  and  there  combine  to 
form  FeiO.  and  H*0;  while  the  K  ion  tends 
to  travel  to  the  positive  plate,  and  there  com- 
bine with  part  of  the  oxygen  of  the  NiO,  and 
with  water  from  the  electrolyte,  thus  forming 
again  KOH,  exactly  equal  to  the  initial  quantity. 

The  reaction  may  be  represented  as  follows: 

3Fe+8K0H+6Ni0r  Fc,0.+8KOH+2Ni,0*. 

It  will  be  seen  that  the  net  result  is  a  trans- 
fer of  oxygen  from  the  positive  to  the  negative, 
accompanied  by  a  concentration  of  caustic 
potash  at  the  positive  and  a  dilution  at  the 
negative;  the  total  amount  of  caustic  in  solu- 
tion remaining  constant  throughout.  The  re- 
action of  discharge  is  held  in  check,  and  the 
electricity  is  furnished  to  the  electrodes  much 
as  in  the  lead  cell,  described  more  f nil v  on  a 
subsequent  page.  During  the  process  of  charge 
the  reactions  are  exactly  reversed,  with  metallic 
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iron  as  the  result  at  the  negative  plate  and 
nickel  peroxide  at  the  positive. 

The  reaction  on  charging  however,  does  not 
take  place  directly  in  proportion  to  the  amount 
of  current,  with  the  result  that  the  charge  must 
always  considerably  exceed  the  discharge  in 
order  to  restore  the  cell  to  its  initial  condition. 
Moreover,  the  active  materials  in  discharge  are 
never  completely  converted  according  to  the 
reactions  shown ;  there  always  remain  large 
proportions  of  metallic  iron  and  nickel  peroxide, 
even  in  a  discharged  cell. 

Description  of  Edison  Cell. —  Caustic 
potash  solution  has  but  slight  effect  upon  steel 
and  none  upon  metallic  nickel ;  hence  nickel 
plated  sheet  steel  constitutes  an  ideal  material 
for  almost  all  the  structural  parts  of  an  alkaline 
cell,  and  is  used  for  positive  and  negative  plates, 
as  well  as  for  retainer. 

The  positive  plate,  Fig.  2,  consists  of  a 
number  of  thin-walled  steel  tubes  placed  side 
by  side  and  united  by  a  surrounding  frame, 


Frc.  t. 
Diagram  of  Edison  Cell. 


likewise  of  sheet  steel,  nickel  plated.  Kach 
tube  is  made  up  of  a  spirally  wound,  and  double 
seamed,  strip  of  thin  sheet  steel  very  finely 
perforated  and  filled  with  the  active  material, 
nickel  peroxide.  This  material,  however,  hap- 
pens to  be  an  extremely  poor  electrical  con- 
ductor, and  in  order  to  give  it  the  necessary 
conductivity  the  material  within  the  tube  is 
interspersed  with  extremely  thin  transverse 
discs  of  metallic  nickel,  about  80  of  them  ncr 
inch  length  of  tube.  The  nickel  is  prepared  in 
the  shape  of  extremely  thin  flakes,  and  a  meas- 
ured quantity  of  these  is  fed  into  the  tube, 
alternately  with  a  measured  quantity  of  nickel 
hydroxide  (which  is  later  converted  into  nickel 
peroxide).  After  each  double  charge  of  flake 
and  hydroxide  a  ramrod  enters  the  tube  and 


compresses  the  contents  which  are  thus  grad- 
ually built  up  till  the  tube  becomes  full,  when 
it  is  pinched  off  and  later  assembled  with  others 


into  a  complete  plate.  The  usual  diameter  of 
the  tubes  is  about  one-fourth  inch,  though  lat- 
terly a  smaller  size  is  also  used  to  some  extent. 
In  assembling  the  plates  right  and  left  wound 
tubes  are  used  alternately  to  eliminate  twisting 


Fig.  3. 

Edison  Negative  Plate  —  Vehicle 

and  General  Sctvk*  —  i/.i 


tendencies,  and  each  tube  is  strengthened  by  a 
number  of  tight-fitting  steel  rings  at  frequent 
intervals. 
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The  detail  with  which  the  manufacture  of 
this  plate  has  been  worked  out  is  extremely  in- 
teresting, but  limitations  of  space  preclude  a 
full  description. 

The  negative  plate  (Fig.  3)  is  somewhat 
similar  in  design,  with  the  difference  that  the 
active  material,  in  this  case  metallic  sponge  iron, 
initially  introduced  as  oxide  of  iron,  is  con- 
tained within  small  rectangular  pockets  or  boxes 
of  perforated  sheet  steel.  The  surface  of  the 
boxes  is  corrugated  to  give  strength,  but  as 
the  iron  inside  is  a  good  conductor  there  is  not 
required  the  mechanical  pressure  which  necessi- 
tates the  cylindrical  form  of  the  positive  tu1>cs. 
The  pockets  are  about  one-eighth  inch  in  thick- 
ness and  are  locked  by  pressure  into  a  surround- 
ing frame  of  sheet  steel  very  similar  to  that  of 
the  positive. 

Positive  and  negative  plates  are  assembled 
alternately,  with  small  hard  rubber  insulating 
strips  between;  and  the  plates  of  each  kind  are 
united  by  a  bolt  extending  across  the  whole 
group,  through  the  holes  at  the  top  corner,  as 
shown  in  Fig.  4.    Hard  rubber  frames  around 


Pro.  4. 

Edis  in  Cell  —  for  Vehicle  and 
General  Serviic     Plates  lifted 
to  show  mtthnd  of  assembling. 
About  l/S  site. 

the  edges  and  bottom  of  the  group  insulate  it 
effectively  from  the  steel  case  which  holds  the 
electrolyte  and  retains  the  whole  cell  as  a 
working  unit. 

The  steel  case  is  closed  bv  a  cover  of  the 
same  material,  which  is  welded  all  around  so 
as  to  be  perfectly  air  tight.    This  feature  is 


necessary  in  order  to  exclude  the  carbonic  acid 
of  the  atmosphere,  which  is  readily  absorbed 
by  caustic  solution,  and  which  if  allowed  thus 
to  enter  into  an  alkaline  cell  exercises  a  very 
detrimental  effect  upon  its  operation.  A  check 
valve  in  the  cover  permits  the  egress  of  oxygen 
and  hydrogen  liberated  during  charge,  while  it 
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Pic  5. 
Diagram  of  Lead  Cell. 

excludes  all  atmospheric  air  with  its  contamina- 
tion of  carbonic  acid. 

The  Fdison  cell  of  to-day  is  a  very'  highly 
developed  piece  of  electro-chemical  apparatus, 
hearing  ample  witness  to  the  genius  of  its 
inventor.  The  fact  of  its  being  built  of  nickel 
plated  steel  throughout  gives  it  a  ruggedness 
and  a  finished  appearance  which  can  hardly  be 
matched  by  other  types.  If  operated  under 
favorable  conditions  it  will  last  for  a  long  time, 
often  upwards  of  1,000  cycles  of  charge  and 
discharge. 

It  possesses  on  the  other  hand  certain  ap- 
parently inherent  properties  which  very  much 
limit  its  application,  and  which  absolutely  ex- 
clude it  from  many  of  the  fields  to  which 
storage  batteries  are  applied  ■  under  the  heading 
of  characteristics  these  points  will  be  more 
fully  brought  out. 

Electro-Chemical  Equations  of  the  Lead- 
Sulphuric  Acid  Battery. —  The  oldest  and  most 
generally  used  type  of  storage  battery  employs 
as  its  active  materials  peroxide  of  lead  for  the 
positive  plate,  spongy  metallic  lead  for  the 
negative,  and  fnr  the  electrolyte  an  aqueous 
solution  of  sulphuric  arid,  of  about  25  to  40  per 
cent  slrcngth. 

A  cell  of  this  kind  is  diagrammatirally  shown 
in  Fig.  S,  in  which  A  and  B  arc  the  positive 
and  negative  plates,  respectively,  each  with  a 
coating  or  cake,  C,  of  active  material,  held  in 
contact  with  it,  while  both  plates  arc  immersed 
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in  the  sulphuric  acid  electrolyte,  held  in  a 
suitable  containing  jar. 

Between  sulphuric  acid  and  metallic  sponge 
lead  there  exists  a  strong  chemical  affinity, 
which  constitutes  the  basic  operating  force 
of  the  lead  cell. 

So  soon  as  the  internal  reactions  are  per- 
mitted to  take  place,  by  the  closing  of  the 
external  circuit,  the  sulphuric  acid,  HsSO«,  be- 
gins to  split  up,  SO.  going  to  the  negative  plate, 
there  combining  with  the  sponge  lead  to  form 
lead  sulphate,  PbSO.,  and  in  so  doing  liberating 
at  the  negative  plate  a  quantity  of  minute  nega- 
tive charges  carried  by  the  individual  SO. 
•ions*  (as  these  disengaged  groups  are  termed)  ; 
and  at  the  same  time  the  hydrogen,  H»,  pro- 
ceeds to  the  positive  plate,  there  combining 
with  one  part  of  the  oxygen  of  the  lead  per- 
oxide to  form  water,  and  giving  up  an  equiva- 
lent quantity  of  minute  positive  charges,  carried 
on  the  individual  H  "ions."  Simultaneously  the 
PbO,  which  results  from  this  action,  unites 
with  another  part  of  H,SO.  to  form  lead 
sulphate  and  a  second  molecule  of  water. 

The  reaction  may  be  represented  as  follows : 
Pb+2HaSO.+ Pb01--PbSO.+2HJ0+PbSO,. 

The  discharge  thus  results  in  the  formation 
of  lead  sulphate  at  both  plates,  the  disappear- 
ance of  sulphuric  acid,  and  the  formation  of 
water  at  the  positive.  It  may  be  said,  in  brief, 
that  these  reactions  are  held  in  check  by  the 
fact  of  the  charge  upon  the  negative  plate 
acting  to  repel  the  negatively  charged  SO. 
ions;  while  the  charge  upon  the  positive  plate 
in  like  manner  repels  the  positively  charged 
H  ions.  Immediately  the  respective  charges  upon 
the  two  plates  are  lessened  by  closing  the  ex- 
ternal circuit  (i.e.,  the  potential  difference  be- 
tween them  is  reduced),  the  equilibrium  between 
electrical  and  chemical  forces  ceases  and  the 
ions  rush  to  the  respective  plates  and  discharge 
their  minute  unit  charges,  thereby  maintaining 
the  potential  difference  of  the  cell  nearly 
constant. 

But  if  there  be  applied  to  the  cell  terminals 
a  potential  difference  slightly  greater  than  that 
of  equilibrium,  the  chemical  forces  are  over- 
balanced by  the  electrical,  with  the  result  that 
these  various  internal  movements  are  reversed, 
so  that  the  original  condition  of  the  "working 
parts"  is  restored,  as  indicated  in  Fig.  5. 

During  charge  there  are  thus  restored  to 
the  electrolyte  the  two  parts  of  HiSO.,  ab- 
sorbed by  the  plates  in  discharge,  and  simul- 
taneously there  are  removed  the  two  parts  of 
water  given  off  in  discharge;  at  all  times  there 
icmains  a  surplus  of  HaSO.  in  solution. 

It  is  to  be  noted  that  in  charge  these  re- 
actions arc  quite  complete,  so  that  the  active 
materials  arc  entirely  converted  into  metallic 
lead  and  peroxide  of  lead,  respectively;  but 
that  on  discharge  they  arc  never  in  practice 
carried  to  the  theoretical  limit,  and  a  large 
proportion,  usually  above  60  per  cent,  of  the 
metallic  lead  and  lead  peroxide  remains  even 
after  a  cell  is  completely  discharged.  The  fully 
charged  condition,  however,  is  not  accomplished 
with  100  per  cent  efficiency ;  the  charge  (in 
ampere  hours)  must  exceed  the  discharge  by 
10-15  per  cent,  the  loss  manifesting  itself  by 
the  evolution  of  hvdrogen  and  oxvgen. 

Brief  Historical  Sketch  of  the  Lead  Bat- 
tery.—The  lead  storage  battery  of  to-day  exists 
in  several  distinct  types,  and  as  each  is  the 
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'  survivor  of  many  unsuccessful  attempts,  and 
as  development  has  been  gradual,  it  is  con- 
venient to  treat  it  historically. 

About  the  year  1860  Plantc,  experimenting 
with  a  number  of  electrolytic  cells,  placed  a 
couple  of  lead  plates  in  a  vessel  containing  weak 
sulphuric  acid,  through  which,  in  scries  with  a 
galvanometer,  he  passed  an  electric  current. 
After  the  current  had  flowed  for  some  time  in 
one  direction,  he  stopped  it,  and,  bringing  the 
two  cell  terminals  together,  was  surprised  to 
find  from  a  reverse  swing  of  the  galvanometer, 
still  in  circuit,  that  the  cell  gave  back  some  of 
the  electrical  energy  that  had  been  applied  to  it. 
Repetition  of  the  experiment  showed  that  the 
cell  slowly  but  steadily  gained  in  capacity  for 
storing  energy,  while  occasional  reversals 
greatly  accelerated  the  gain. 

The  explanation  of  the  phenomenon  as  we 
now  understand  it  is  this :  Metallic  lead,  when 
placed  in  sulphuric  acid,  is  immediately  at- 
tacked, with  the  formation  of  a  thin  skin  of 
lead  sulphate,  which,  being  insoluble,  protects 
the  metallic  lead  inside  and  prevents  further 
action.  Electrolysis,  however,  converts  the 
sulphate  upon  the  positive  to  peroxide  of  lead 
and  permits  the  sulphuric  acid  to  work  a  little 
further  into  the  metal  beneath ;  and  it  is  thus 
that  the  action  is  cumulative  and  the  amount 
of  lead  in  a  porous  or  "active™  state  con- 
tinually increases.  Electrolysis  affects  the  net^a- 
tivc,  however,  merely  in  reducing  the  lead  sul- 
phate to  metallic  lead,  so  there  is  here  but  little 
cumulative  action,  and  hence  occasional  reversal 
is  necessary  to  build  up  the  thin  skin  of  "active 
material*  on  both  plates  together. 

Months  of  charge,  discharge  and  reversal 
were  required  to  build  up  a  layer  sufficiently 
thick  to  make  a  battery  of  useful  capacity. 
Hence  other  inventors  set  about  to  shorten  this 
arduous  process,  known  as  "formation,"  and 
finally  Faure,  in  France,  and  Brush,  in  America, 
about  simultaneously  discovered  that  they  could 
apply  to  the  plates  a  thick  coating  of  lead 
oxide,  made  into  a  sort  of  putty-like  paste  with 
sulphuric  acid,  which,  by  means  of  a  single 
slow  charge,  was  converted  into  thoroughly 
porous  active  material. 

Subsequent  improvements  on  Plante's  proc- 
ess have  shortened  it  until  now  it  is  about  as 
quick  and  as  cheap  as  Faure's  process,  so  that 
at  the  present  time  both  are  successfully  em- 
ployed, the  Faure  very  much  the  more 
extensively. 

Plante  and  Pasted  Types  Compared — 
The  Plantc  and  "pasted*  types  as  now  used 
differ  very  distinctively  in  their  design,  though 
electrically  the  difference  is  much  less  than 
would  be  expected.  The  Plante  plate  consists 
of  pure  lead,  upon  the  surface  of  which  there 
is  "formed"  a  thin  layer  of  "active  material" 
having  a  thickness  of  the  order  of  a  few 
hundredths  of  an  inch.  The  layer  is  necessarily 
thin  in  order  to  prevent  its  peeling  off  readily; 
hence  a  vcrv  large  surface  is  required,  and  this 
is  usually  obtained  by  making  the  lead  plates 
in  the  form  of  a  number  of  parallel  transverse 
leaves,  as  shown  in  Figs.  13  and  14. 

The  surface  is  increased  by  this  construc- 
tion anvwhere  up  to  8  or  10  times  that  of  a 
plain  sheet  of  equal  superficial  area. 

The  "pasted^  (Faure)  type,  on  the  other 
hand,  is  characterized  by  a  relatively  thick  mass 
of  porous  active  material,  retained  by  an  open- 
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work  grid  or  lattice  of  lead-antimony  alloy, 
as  shown  in  Figs.  6,  7  and  8. 

Both  types  of  plate  can  be  used  as  either 
positive  or  negative,  but  certain  characteristics 
make  the  one  or  the  other  better  suited  to 
particular  classes  of  service,  as  will  appear 
hereafter. 

Negative  Plates. —  Exide  Negative. —  The 
negative  plate  of  a  lead  storage  battery,  at  least 
theoretically,  is  quite  a  simple  matter;  the 
sponge  lead  which  constitutes  the  active  ma- 
terial has  considerable  mechanical  tenacity  and 
is  therefore  relatively  easy  to  hold  in  place 
upon  the  skeleton  frames  or  "grids-0  to  which  it 
is  applied.  There  is  no  destructive  action  upon 
the  lead-antimony  alloy  of  which  these  grids 
arc  made,  and  they  may  therefore  be  as  light 
as  methods  of  manufacture  will  permit.  Fig.  6 
shows  a  negative  grid  of  the  type  which  is 
now  standard  in  the  United  States,  and  which 
is  still  best  known  under  its  original  name  of 
the  "Exide."  Fig.  7  shows  a  cross-section  of 
the  same  grid,  and  shows  how  the  active  ma- 
terial occupying  the  interior  spaces  is  locked 


Pic.  6. 
Exide  Negative  Grid. 
About  1/5  site. 

in  place  so  as  to  be  both  retained  and  protected, 
while  Fig.  8  shows  the  finished  plate,  the  active 
material  filling  all  the  interior  spaces.  This 
type  of  plate  is  used  in  sizes  from  about  three 
square  inches  surface  up  to  700,  in  thickness 
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Pig.  7. 

Cross  Section  —  Exide  Grid. 

from  threc-thirty-scconds  to  one-fourth  inch, 
and  for  every  variety  of  purpose  for  which  lead 
batteries  are  employed. 

Box  Negative. —  For  some  purposes,  how- 
ever, it  is  desirable  to  have  a  plate  which  will 
give  the  maximum  possible  life,  consequent  in- 
creased weight  being  a  secondary  consideration. 
To  meet  this  requirement  the  "box*  negative 


shown  in  Fig.  9  is  used.  This  plate  may  be 
considered  as  a  development  of  the  exide  type, 
inasmuch  as  the  active  material  is  held  within 


Fig.  8. 
Exide  Negative  Plate  — 
Vehicle  and  General  Service. 
Approx.  1/5  size. 

two  protecting  surfaces,  which,  in  the  case  of 
the  box  plate,  consist  of  finely  perforated  lead 
sheets,  while  in  the  exide  type  they  consist  of 
parallel  bars  with  relatively  large  openings 
between. 

The  box  plates  are  used  almost  entirely 
where  long  life  is  the  main  consideration,  but 
the  greater  weight  of  grid,  with  consequent 
greater  cost,  has  caused  them  for  most  purposes 
to  be  superseded  by  the  Exide  type. 

The  grids  of  the  Exide  type  arc  castings  of 
antimony-lead  alloy,  made  as  light  as  possible 
consistent  with  necessary  mechanical  and  elec- 
trical conductivity.  The  box  grids  are  com- 
posite, consisting  of  perforated  lead  sheets,  upon 
which  are  cast  intersecting  ribs,  or  bars,  of 
antimony-lead  alloy,  which  gave  the  necessary 
strength ;  and  each  plate  consists  of  two  parts 
riveted  together,  with  the  active  material  en- 
closed between  them. 


Pig.  9. 

Box  Negative  Plate  —  General 

Stationary  Service  —  I -10  size 

While  any  oxide  of  lead  may  be  used  for 
the  active  material  of  negative  plates,  a  long 
process  of  elimination  has  finally  resulted  in 
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the  universal  adoption  of  litharge  PhO,  for  this 
purpose,  applied  as  a  putty-like  mass,  made  by 
mixing  the  litharge  with  dilute  sulphuric  acid. 
An  initial  charge,  or  "formation,"  converts  the 
litharge  into  metallic  sponge  lead,  giving  the 
plate  a  characteristic  light  slate  color. 

Planle  Negative. — There  are  still  a  few 
Plante  negatives  used,  in  this  country  only, 
such  a  one  being  shown  in  Fig.  10.  but  thctr 
weight  and  cost  arc  against  them,  and  they 
arc  to-day  almost  a  thing  of  the  past. 

Positive  Plates. —  The  positive  plate  offers 
a  more  complicated  problem,  chiefly  because 
lead  peroxide,  under  the  conditions  which  exist 
in  a  storage  battery,  does  not  possess  much 
sustained  mechanical  strength,  but  gradually 
becomes  soft,  and  in  time  is  loosened  from  the 
plate,  falls  to  the  bottom  of  the  cell  and  thence- 
forward plays  no  useful  part  in  the  life  of  the 
battery. 

To  maintain  the  capacity  over  an  extended 
period  of  charges  and  discharges  three  distinct 
methods  are  employed. 


Pig.  to. 
Plants  Negative  Plate  for  Train 

Lighting —  1/6  tize. 

Pasted  Positive. — In  the  pasted  type  of  plate, 
when  new,  only  a  part  of  the  lead  peroxide 
is  available  for  entering  into  the  chemical  re- 
actions of  the  cell,  as  the  acid  penetrates  only 
partially  into  the  interior  of  the  mass.  As  the 
surface  wears  away  the  action  penetrates  far- 
ther in,  and  thus  the  inner  part  of  the  mass 
acts  as  a  reserve  and  maintains  the  capacity 
for  a  number  of  cycles,  roughly  stated  at  300 
to  500.  By  making  the  plate  very  thin,  say  of 
the  order  of  one-eighth  inch,  the  reserve  of 
active  material  is  cut  down  to  a  minimum,  hence 
giving  a  plate  of  maximum  capacity  per  unit 
of  weight,  but  of  relatively  shorter  life. 

Positive  plates  of  the  pasted  type  arc  uni- 
versally employed  where  lightness,  or  maximum 
capacity  for  given  weight,  is  the  primary  con- 
sideration, and  the  correct  balance  between 
thick,  heavy  plates  of  long  life  and  thin,  light 
ones  of  shorter  life,  to  meet  special  conditions, 
is  a  continual  problem  to  the  designer.  The 
general  trend  of  modern  practice,  however,  is 
toward  much  thinner  plates  than  were  thought 
practicable  a  few  years  ago,  a  thickness  of 
thrce-thirty-seconds  inch  being  quite  common. 

The  Exidc  type  of  pasted  plate.  Fig.  11, 
which  has  become  standard  in  the  United  States, 
and  largely  so  in  Europe,  is  very  similar  to  the 
negative  plate,  except  as  to  its  active  material. 
The  grid,  Fig.  12,  is,  however,  more  substantial 


in  its  design  than  the  negative,  in  order  to 
withstand  the  greater  corrosion  and  mechanical 
stresses  to  which  it  is  subject.  While  various 
oxides,  or  mixtures  of  such,  are  used  by  differ- 


Pro.  It 

Exide  Potitive  Plate  —  Vehicle 
and  General  Service. 
Approx.  1/5  fixe. 


cnt  manufacturers  as  positive  active  material, 
the  usual  material  is  red  lead,  PbjOi,  mixed 
to  a  putty-like  mass  with  weak  sulphuric  acid, 
or  ammonium  sulphate  solution.  The  initial 
charge,  or  formation,  converts  this  into  lead 
peroxide,  a  material  which  when  dry  has  about 
the  consistency  of  plaster  of  Paris  and  a  very 
characteristic  dark  chocolate  brown  color. 

Plante  Positive. —  The  Plante  plate  is  also 
subject  to  the  continual,  slow  washing  away  of 
its  lead  peroxide,  but  the  original  layer  is  more 
durable  than  the  peroxide  made  from  red  lead, 
so  it  lasts  a  considerable  time  in  spite  of  its 


Fig.  12. 
Exidc  Positive  Grid. 
About  1/5  size. 

thinness.  Moreover,  all  the  while  that  the 
original  layer  is  disintegrating  and  falling  away, 
the  electrolytic  action  is  penetrating  farther 
into  the  metallic  lead  of  the  plate  and  forming 
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fresh  active  material,  in  the  manner  of  the 
Plantc  formation,  and  thus  there  is  a  balance 
between  loss  and  gain,  and  the  capacity  of  the 
plate  is  maintained  for  a  long  period,  say  abotit 
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Fic  13. 

Cross-Section  Tudor  P<>sitive  Plate. 

two  or  three  times  as  long  as  in  the  case  of  the 
pasted  plates.  For  effecting  this  extended  life, 
however,  there  is  required  a  large  reserve  of 
pure  lead ;  so  that  in  actual  practice  the  Plantc 
plates  weigh  from  twro  to  three  times  as  much 
as  pasted  plates  of  equal  capacity. 

Figs.  13  and  14  show  a  Plantc  type  of  plate 
known  in  this  country  as  the  "Tudor,"  used 
largely  in  Europe,  and  consisting  of  an  integral 
one-piece  casting;  while  Fig.  10,  though  actually 
a  negative,  may  be  used  as  illustrating  the 
Could  type,  made  from  rolled  sheet  lead,  by  a 
spinning  process. 

In  this  country  and  in  England  a  modified 
Plantc  plate,  known  as  the  *  Manchester,"  has 
largely  superseded  all  of  the  above,  chiefly  on 
account  of  its  superior  mechanical  construction 
The  Plantc  plate  is  made  of  pure  lead,  because 
this  metal  is  attacked  by  the  electrolytic  action 
at  about  the  right  rate  to  replace  the  loss  of 
lead  peroxide;  but  pure  lead  is  very  soft,  hence 
these  plates  arc  much  subject  to  buckling  and 
breaking.  The  Manchester  plate  (Fig.  15) 
differs  in  that  a  rigid  grid,  or  frame,  of  anti- 


Fic.  14. 

Tudor  Positive  Plate  for  Train 
Liuhtinjf.    J/5  sixe. 

mony-lead  alloy  furnishes  mechanical  strength, 
while  small,  pure  lead,  spirallv  wound  "but- 
tons™ (Fig.  16)  inserted  in  holes  of  the  grid 
(Fig.  17)   furnish  the  active  material  which 


performs  the  electro-chemical  function  of  the 
plate. 

The  combined  mechanical  and  electrical  en- 
durance of  this  type  of  plate  has  given  it  a  very 
broad  field  of  application ;  its  weight,  roughly 
triple  the  pasted  type,  and  its  consequent  cost 
constitute  its  chief  limitations. 


Pre.  IS. 
Manchester  Positive  Plate  — 
General  Stationary  Service. 
1/10  xizc. 

Ironclad  Type.—  During  the  past  five  years 
a  third  type  "of  positive  plate  has  come  into 
prominence  in  this  country,  founded  on  the 
principle  first  successfully  developed  by  Phili- 
part,  in  France,  alwut  the  year  18°8.  This 


Fig.  16. 

[Manchester  Button.     About  1/2  size. 

plate,  known  as  the  "Ironclad,"  is  shown  in 
Fig.  18,  and  differs  from  those  heretofore  dis- 
cussed in  that  a  porous  exterior  envelope  retains 
the  active  material  in  place,  so  that  the  large 
reserve  necosary  with  other  types  is  here 
unnecessary- 


Fig.  17. 
Section  of  Manchester  Plate. 

Approx.  2/3  site. 

The  plate  consists  of  a  number  of  cylindrical 
pencils,  one  of  which  is  shown  in  section  in 
Fig.  19;  a  central-lead  ant  mony  core  fur- 
nishes support  and  conductivity  for  the  sur- 
rounding mass  of  active  material,  itself  again 
enveloped  bv  the  perforated  hard  rubber  tubes 
(Fig.  18).   The  perforations  in  the  tube  consist 
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of  minute  saw  cuts  of  the  order  of  one  one- 
hundredth  inch  wide;  and  so  effective  arc  these 
tubes  as  "retainers"  that  the  plates  which  em- 
ploy  them  have  a  life  approximating  1,000 


Pir..  18. 

Ironclad  Poaitive  Plate  —  Vehicle 

and  General  Service. 
Approx.  1/5  sixc. 


cycles  of  charge  and  discharge,  being  two  to 
three  times  that  of  the  flat  plates.  Fig.  11,  in 
which  the  active  material  is  left  exposed. 

The  life  of  the  Ironclad  plate  is  thus  about 
the  same  as  that  of  a  Tudor  or  Manchester 
plate,  while  its  capacity-weight  ratio  is  about 
on  a  par  with  the  pasted  types. 

With  the  Ironclad  plate  loosening  and  wash- 
ing out  of  the  active  material  is  reduced  to  a 


Pic.  19. 

Vertical  Section  Ironclad  Tube 
Approx.  \/2  site. 


minimunij  and,  contrary  to  what  might  be  ex- 
pected, tnc  protective  rubber  tube  offers  but 
very  slightly  increased  resistance  to  the  passage 
of  the  elect: ic  current. 

Til i s  type  of  plate,  in  conjunction  with  an 
cxide  negative  of  suitable  thickness,  is  fast 
becoming  standard  in  this  country  in  all  portable 
service  where  durability  is  a  prime  factor. 

Separators. —  Thus  far  we  have  limited  our- 
selves to  the  question  of  the  plates  of  the  lead 
battery*;  but  though  they  undoubtedly  constitute 
the  greater  problem  of  storage  battery  design, 
yet  the  manner  in  which  they  arc  assembled  is 
almost  as  important  as  the  design  of  the  plates 
themselves;  and  next  in  order  of  importance 


come  the  "separators.''  Considerations  of  space, 
weight  and  electrical  resistance  all  demand  that 
adjacent  positive  and  negative  plates  be  main- 
tained as  close  together  as  possible,  yet  without 
touching  anywhere.  To  fulfil  these  require- 
ments spacers  or  separators  of  some  sort  are 
inserted  between  them.  Here  again  countless 
schemes  have  been  tested  out,  but  to-day  prac- 
tically only  two  types  have  survived,  and  these 
often  used  in  conjunction. 

The  older  of  the  two  is  the  perforated  rub- 
ber separator,  shown  in  Fig.  20,  as  a  flat  sheet 
of  perforated  hard  rubber,  and  often,  when 
used  alone,  provided  with  a  series  of  parallel 
ridges  on  one  side,  to  afford  sufficient  acid 


Pic.  20. 

Plat  Perforated  Rubber  Separator 
Approx.  1/S  aue. 


space  between  plates.  When  so  used,  however, 
even  though  the  holes  be  small,  "trees"  of  lead 
are  very  apt  to  develop  on  the  negative  plates, 
which  in  time  find  their  way  through  to  the 
positives  and  cause  short-circuits. 

The  perforated  rubber  separator  used  by 
itself  is  therefore  not  satisfactory  and  has  been 
almost  entirely  replaced  by  the  wood  separator, 
examples  of  which  are  shown  in  Figs.  21  and  22. 


Pic.  21. 
Grooved  Wood  Separator  — 
Vehicle  and  General  Service. 

I  IS  site. 

In  the  one  case  the  separator  is  a  veneer  about 
one-sixteenth  inch  thick,  winh  split  wood  dowels 
slipped  over  it  to  pivc  the  necessary  space 
between  plates ;  in  the  other  it  is  made  of  a 
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thicker  piece,  grooved,  and  in  either  instance 
treated  by  a  special  chemical  process.  The  dis- 
tinctive feature  of  the  wood  separator  is  that 
it  is  not  perforated,  with  the  result  that  short- 
circuits  arc  practically  eliminated,  while  its 
electrical  resistance  is  nevertheless  almost  neg- 
ligible. 


Pic.  22. 

Flat  Wood  Separator  General  Stationary 
Service.    1  10  size 


In  many  cases  the  grooved  separator  and 
lain  perforated  rubber  are  used  together,  the 
at  of  the  wood  against  the  negative  plate,  this 
making  an  excellent  combination,  used  in  most 
of  the  vehicle  propulsion  and  many  other  port- 
able batteries. 

The  flat  veneer  with  split  dowels  is  used 
chiefly  in  large  stationary  batteries,  where  the 
grooving  would  constitute  too  great  a  wastage 
of  wood. 

Containers.— The  vessels  which  contain  the 
complete  clement  —  plates,  separators  and  acid  — 
are  of  three  different  kinds:  hard-rubber  jars, 
where  lightness  and  rugKcdness  are  required, 
that  is,  for  all  kinds  of  portable  service;  glass 
jars  for  stationary  service  in  the  smaller  sizes ; 
lead-lined  wooden  tanks  for  the  larger  station- 
ary installations. 

Electrolyte.— The  electrolyte  in  lead  bat- 
teries is  dilute  sulphuric  acid  of  the  highest 
available  purity  and  of  strength  varying  ac- 


Fic.  23. 

Assembled  Plate  Groups  for  Auto  Starting  Battery  of 
Fig-  26.    1/6  sixe. 


cording  to  conditions.  Where  space  and  weight 
are  of  utmost  importance,  stronger  acid,  about 
1.280  specific  gravity,  is  employed,  but  where 
these  items  are  non-essential  a  greater  bulk  of 
weaker  acid,  say  1,200  specific  gravitv,  answers 
better,  in  that  it  causes  less  loss  from  local 
action,  especially  on  the  negative  plates. 

VOL  10—9 


General  Assembly.— So  much  variety  ex- 
ists in  the  details  of  assembly  employed  by  dif- 
ferent manufacturers  and  for  different  purposes 


Fic.  24. 

Ironclad  Exide  Cell  for  Vehicle  and 
General  Service.    About  I  /5  sire. 


that  it  will  be  possible  to  mention  only  a  few 
of  the  controlling  factors  and  to  give  a  few 
illustrations  of  complete  cells  (Figs.  24,  25 
and  28). 

In  all  present-day  designs,  positive  and  nega- 
tive plates  arc  placed  alternately  side  by  side, 
all  of  like  polarity  being  firmly  united  into 
"groups"  by  means  of  "lugs*  which  project 
from  the  upper  corners.    Fig.  23  shows  a  posi- 


Pic.  25. 

Manchester-Box  Stationary  Cell. 
1/10  size. 


tive  and  a  negative  group  as  used  in  the  small 
auto  starting  battery  of  Fig.  26;  and  these  illus- 
trations also  show  the  general  manner  in  which 


Digitized  by  Gc 


130 


ELECTRIC  STORAGE  BATTERY 


the  plates  arc  united,  by  a  lead  welding  process, 
to  the  connecting  straps  which  form  the  termi- 
nals of  the  cell. 

The  corrosive  action  of  the  acid  electrolyte 
makes  this  lead  welding  necessary,  and  in  most 
instances  it  is  applied,  not  only  in  fastening  the 
plates  to  the  cell  terminals,  but  also  in  fasten- 
ing  adjacent  cell  terminals  together,  so  that 


of  electro  deposited  lead.  In  Fig.  27  is  shown  a 
connector  as  used,  not  only  for  auto  starting 
batteries,  but  for  most  other  portable  and  semi- 


Pic.  26. 

Three-cell  Auto  Starting  Battery. 
Approx.  1/6  size. 

there  is  a  solid  metallic  contact  from  cell  to 
cell  throughout  the  whole  battery. 

Between  the  plates,  and  thus  keeping  them 
apart,  lie  the  separators ;  the  whole  element  so 
proportioned  as  to  fill  the  container,  tightly  in 
portable  batteries,  somewhat  loosely  in  station- 
ary ones. 

The  plates  are  usually  either  supported  upon 
ridges  projecting  upward  from  the  bottom  of 
the  jar  (Fig.  24)  or  arc  suspended  from  the 
top  of  the  jar  (Fig.  25)  or  from  the  lid  or  in 
some  equivalent  manner. 

Tight  covers  for  the  containers  have  to  be 
provided  only  for  portable  service;  stationary 
cells  arc  generally  left  open  for  ready  inspection 
and  access. 

General  Principles  of  Complete  Battery 
Assembly. —  Till  now  we  have  dealt  with  only 
the  single  cell,  which  forms  the  electrical  unit 
of  which  a  battery  is  built  up.  This  unit  has 
a  current  outpul  dependent  upon  the  number 
and  size  of  plates  which  it  contains,  while  its 
elect ro-molive  force  has  a  fixed  value,  roughly 
two  volts,  virtually  independent  of  its  size. 
Hence  the  current  requirements  of  a  given  bat- 
tery determine  the  size  of  cells  to  be  employed, 
and  the  voltage  requirements  the  number  of 


Pig.  2B. 

Large  Stationary  Cell.  Stand-by 
Service.   Contains  45  plates  as  in 
Fig.  29.     Approx.  1/20  size. 

portable  types.  Composed  of  lead,  or  alloy,  it 
is  made  to  fit  over  the  tapered  terminal  posts 
(Fig.  23),  to  which  it  is  permanently  secured 
by  means  of  a  hydrogen  flame,  or  its  equivalent, 
which  melts  the  lead  of  both  post  and  connector 
till  they  flow  together  and  become  united 

In  Fig.  25  there  are  no  connectors  proper, 
the  pure  lead  straps  to  which  the  plates  are 
attached  having  prolongations  adapted  to  be 
bolted  together  from  ccfi  to  cell. 


Pig.  27. 
Inter-cell  Connector  —  Auto 
Starting  Service.    Approx.  1/4  site. 

cells  to  be  used  in  series.  As  the  field  of  the 
storage  battery  is  very  broad,  so  the  design 
varies  greatly,  including  almost  every  con- 
ceivable combination  from  the  small  three-cell 
battery  for  auto  starting  (Fig.  26)  to  the  large 
central  station  batterv  of  150  cells,  as  shown 
in  Fig.  30. 

Inter-Cell  Connectors. —  For  connecting  the 
individual  cells  together  electrically  various 
forms  of  "connectors"  and  "bus  bars"  arc  in  use, 
usually  made  of  lead  or  lead-antimony  alloy, 
occasionally  of  copper,  protected  by  a  coating 
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Fig.  29. 

Large  Exide  Plate  tor  Stand-by 
Service.    Each  plate  ISO  amp. 
I  hour.    I/IS  site. 


In  the  large  stationary  batteries  the  plates 
of  adjacent  cells  are  as  nearly  as  possible 
welded  directly  together,  each  plate  (Fig.  29) 
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having  a  projecting  *lug*  which  reaches  part 
way  over  the  edge  of  the  cell  where  all  are 
united  to  a  substantial  lead  bus  bar,  as  in  Fig. 
30  and  at  «D»  in  Fig.  28.  The  bus  bar  "C»  in 
this  figure  is  one  of  the  battery  terminals,  and 
the  lead  is  reinforced  by  a  large  tapered  plate 
of  copper,  to  which  is  bolted  the  copper  bar  that 
connects  the  battery  to  the  switchboard. 

In  Fig.  30  arc  shown  a  number  of  these 
terminals  with  the  large  coppers  leading  off. 
In  this  instance  the  battery  is  so  arranged  that 
the  number  of  cells  in  circuit  may  be  varied 


r"  Pig.  30. 

Urge  Stand-by  Battery.  ISO  Cell*.  167  Plate*  (Pig.  29)  each. 
Capacity  1 2.400  amp.  (or  one  hour.    Each  cell 
stands  about  four  fee  t  high. 

by  means  of  a  motor  operated  "end  cell  switch,* 
so  as  to  vary  the  voltage  at  will,  or  more  usually 
to  maintain  the  voltage  constant  by  throwing 
in  additional  cells  as  the  E  M  F  or  each  falls 
off  during  the  progress  of  discharge. 

Insulation. —  In  the  small  portable  batteries, 
such  as  the  auto  starting  type,  insulation  of  the 
individual  cells  is  easily  accomplished  by  the 
rubber  jars  themselves,  which  accordingly  arc 
placed  side  by  side  in  a  box  of  suitable  size. 
When,  however,  a  number  of  such  cells,  say 
40  or  morCj  are  connected  in  series,  as  in 
Fig.  36,  it  is  found  necessary  to  divide  the 
series  amongst  a  number  of  boxes,  or  "trays,* 
each  one  preferably  containing  not  more  than 
8  or  10  cells. 

In  small  stationary  batteries  a  flat  glass 
tray  under  each  cell  is  often  used,  as  shown  in 
Fig.  25,  a  little  sand  being  placed  in  the  bottom 
to  give  an  even  seat  for  the  glass  jar.  Larger 
stationary  cells  are  usually  provided  with 
double  insulation  of  some  kind;  thus  in  Fig.  28 
the  tank  rests  upon  a  glass-oil  insulator,  "B," 
which  in  turn  is  supported  by  a  large  inverted 
stoneware  cup,  "A.* 

Characteristics  of  the  Storage  Battery. — 
The  primary  useful  quantities  furnished  by  a 
storage  battery  arc  electromotive  force,  or 
P.D.  (measured  in  volts),  and  current  (meas- 
ured in  amperes)  ;  since  the  time  during  which 
a  given  current  may  be  maintained  is  frequently 
of  controlling  importance  there  arises  a  third 
quantity  called  the  capacity,  the  product  of  the 
current  and  the  time  which  the  battery  can  fur- 
nish it.  Frequently  the  relation  of  these  three 
primary  attributes  to  the  weight  of  the  battery 
is  a  vital  factor;  while  the  effects  of  internal 
resistance  and  temperature  are  scarcely  less 


important.  The  characteristics  of  a  battery 
therefore  consist  of  the  relations  of  these  quan- 
tities one  with  another.  In  the  following  dis- 
cussion the  unit  considered  is  in  every  case  a 
single  cell. 

In  speaking  of  the  discharge  of  a  battery, 
the  term  discharge  rate  is  very  frequently  used, 
commonly  expressed  in  terms  of  the  time  dur- 
ing which  the  discharge  can  be  maintained ;  the 
four-hour  rate  for  instance  being  that  rate 
which  the  battery  can  hold  for  four  hours. 
The  so-called  "normal  rate,"  originally  that  for 
which  the  battery  was  intended,  is  actually  of 
but  little  significance,  since  the  modern  battery 
may  be  discharged  at  almost  any  rate  without 
injury. 

The  capacity  is  limited  by  the  fall  of  voltage 
to  a  point  where  usefulness  ceases,  this  point 
being  again  arbitrary,  but  through  large  experi- 
ence fairly  well  denned  as  about  1.60-1.80  for 
the  lead  cell,  about  0.6-1.0  for  the  Edison  type. 

Many  variations  exist  in  the  design  of  mod- 
em storage  batteries,  and  each  design  possesses 
its  own  characteristics;  the  curves  which  fol- 
low are  chosen  as  fairly  representative,  but  of 
course  cannot  pretend  to  fit  all  cases. 

Characteristics  of  the  Edison  Cell.— 
Capacity  —  Temperature. —  Trie  capacity  of  a 
given  Edison  cell  is  very  nearly  a  constant 
quantity  independent  of  the  rate  of  discharge, 
amounting  under  ordinary  conditions  to  about 
11.5  ampere  hours  per  pound.  The  capacity  is, 
however,  very  markedly  dependent  upon  tem- 
perature, to  an  extent  which  varies  with  the 
discharge  rate.  This  variation  with  tempera- 
ture is  so  great  that  there  results  a  critical 
point,  below  which  the  Edison  cell  becomes 
practically  inoperative;  and  since  this  point  is 
from  30-50°  F.,  depending  on  conditions,  it 
constitutes  one  of  the  chief  limitations  to  the 
usefulness  of  this  form  of  battery.  If  given  a 
chance  to  discharge  rapidly,  when  slightly  below 
the  critical  temperature,  trie  battery  will  grad- 
ually warm  itself;  but  for  immediate  action  at 
low  temperatures  it  is  unworkable. 

Voltage  —  «P.D.a— Fig.  31  shows  a  typical 
voltage  curve  of  an  Edison  cell  during  its 
•normal*  or  five-hour  rate  of  discharge,  and 
during  the  corresponding  charge.  At  lower 
rates  of  discharge  the  voltage  is  higher,  while 
at  higher  rates  it  becomes  lower.  Fig.  32  sum- 
marizes a  number  of  discharge  curves  by  giving 
the  initial,  the  mean  and  the  final  voltage  at 
rates  up  to  six  times  the  normal.  It  is  notice- 
able that  the  voltage  falls  off  very  rapidly  with 
increasing  discharge  rates  and  that  the  maxi- 
mum current  obtainable  is  only  about  14  times 
the  normal,  while  the  maximum  watt  output 
is  reached  at  about  seven  times  the  normal  rate. 

It  is  of  interest  to  notice  that  the  mean  volt- 
age of  the  Edison  cell  is  about  60  per  cent  that 
of  the  lead  type  and  that  the  percentage  drop 
during  discharge  is  about  triple  with  the 
Edison.  It  is  thus  necessary  to  employ  at 
least  65  per  cent  more  cells  of  Edison  type  for 
a  given  discharge  voltage;  and  still  more  than 
this  if  the  discharge  rate  be  high. 

Efficiency. —  Comparing  the  mean  values  of 
the  two  curves  of  Fig.  31  we  arrive  at  the 
value  —  72  per  cent  —  as  the  mean  volt  effi- 
ciency ;  the  corresponding  ampere  hour  efficiency- 
is  approximately  88  per  cent,  while  the  watt 
hour,  or  energy  efficiency,  the  product  of  these 
two,  is  63  per  cent. 
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In  actual  practice,  the  charging  is  frequently 
done  from  a  fixed  source  of  voltage  equal  to 
or  slightly  exceeding  the  maximum,  175  in  the 
present  case ;  hence  under  these  conditions,  the 
•commercial"  voltage  efficiency  is  but  68  per 
cent. 

Also,  in  practice  the  charge  required  is 
greater  than  that  shown  in  Fig.  30,  so  that 


show  that  at  ordinary  temperatures  and  mod- 
erate discharge  rates  the  Edison  battery  may 
give  excellent  service  At  high  rates,  or  low 
temperatures,  however,  its  performance  is  so 
limited  that  it  is  now  seldom  used  where  such 
conditions  prevail.  It  is  these  conditions  which 
have  excluded  it  entirely  from  the  field  of  auto 
self -starting;  while  on  the  other  hand,  in  other 
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actually  the  ampere  efficiency  is  about  80  per 
cent.  The  commercial  watt  hour  efficiency  of 
the  Edison  battery,  where  worked  to  its  full 
capacity  and  charged  from  a  source  of  constant 
voltage,  is  thus  found  in  actual  practice  to 
average  hardly  above  55  per  cent.  Where 
charged  from  a  source  of  variable  voltage,  and 
where  worked  to  partial  capacity  only,  the  effi- 


service,  as  for  instance,  train  lighting  and  mine 
lamps,  it  has  proved  very  satisfactory. 

Characteristics  of  the  Lead  Cell.— 
Capacity. —  The  capacity  of  a  given  lead  cell  is 
mainly  dependent  upon  two  variable  factors: 

(1)  the  rate  at  which  it  is  discharged,  and 

(2)  its  temperature. 

I.  The  effect  of  varied  discharge  rates  is 
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ciency  may  be  much  higher,  depending  on  actual 
conditions. 

Capacity  and  Weight  —  The  energy  capacity 
of  the  Edison  cell  at  normal  rate  and  tempera- 
ture is  about  14  watt  hours  per  pound.  W  ith 
higher  rates,  or  lower  temperatures,  this  value 
falls  very  markedly. 

Summary. —  The  characteristics  noted  above 


shown  by  the  curved  line  in  Fig.  33,  from  which 
it  will  be  seen  that  the  capacity  varies  inversely 
with  the  rate,  though  not  in  direct  ratio.  While 
the  abscissa?  of  this  figure  show  the  discharge 
rate  in  terms  of  the  normal,  vertical  lines  at 
intervals  give  the  rate  in  terms  of  the  duration 
of  discharge. 

The  shape  of  this  curve  is  very  characteris- 


Digitized  by  Google 


ELECTRIC  STORAGE  BATTERY 


ias 


tic  of  all  lead  batteries,  though  differences  in 
design  modify  it  appreciably.  Thinner  plates 
tend  to  give  a  flatter  curve,  thicker  ones  a 
more  sloping  one. 

A  very  important  corollary  of  the  variation 
of  capacity  with  rate  exists  in  the  fact  that 
a  lead  cell  which  has  been  completely  dis- 
charged at  a  high  rate,  if  allowed  to  stand  for 
some  hours,  will  largely  recover,  so  as  to  give 
a  considerable  further  discharge.  In  the  case 
of  a  continuous  discharge  of  diminishing  rate, 
the  ultimate  capacity  approaches  that  which 
would  have  obtained  had  the  final  rate  been 
maintained  throughout.  In  the  operation  of 
an  electric  vehicle  the  rates  on  starting,  up 
grades,  etc.,  exceed  the  normal  rate  by  five 
to  one  or  more ;  yet  owing  to  the  periods  of 
rest,  or  low  rate,  the  capacity  attainable  is 
practically  identical  with  that  of  a  continuous 
normal  rate  discharge.  The  normal  rate  for 
batteries  of  this  kind  is  usually  that  corrc- 
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proaches  a  slanting  straight  line.  Referring 
again  to  Fig.  33,  the  three  upper  lines,  with 
the  scale  of  ordinate;  at  the  right  hand  side, 
summarize  the  effect  upon  voltage  of  various 
discharge  rates  up  to  10  times  the  normal. 
It  is  of  interest  to  note  that  at  10  times  normal 
the  mean  voltage  has  lost  but  20  per  cent; 
that  the  maximum  watt  output  occurs  at  about 
25  times  normal ;  and  that  short  circuit  gives 
about  50  times  normal  discharge  current.  Com- 
parison  between  these  curves  and  the  corre- 
sponding ones  for  the  Edison  battery.  Fig.  32, 
is  very  significant.  The  Edison  battery  is 
inferior  (a)  in  that  it  has  a  much  greater  per- 
centage drop,  in  voltage  during  discharge  at  any 
given  rate,  and  (b)  in  that  the  lead  battery  can 
discharge  at  about  three  times  as  high  a  rate 
as  the  Edison. 

2.  Acid  Change  (*Gratrity*). —  It  has  been 
pointed  out  in  discussing  electric-chemical 
equations,  that  the  amount  of  free  sulphuric 
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sponding  to  a  continuous  discharge  of  four 
or  five  hours. 

2.  Temperature  at  time  of  discharge  exer- 
cises a  direct  influence  upon  capacity  to  the 
extent  of  about  6'/j  per  cent  per  10  degrees 
F.  It  thus  comes  about  that  at  0°  the  lead 
battery  has  about  54  per  cent  normal  capacity, 
and  that  it  is  perfectly  workable  at  temperatures 
much  lower  even  than  this,  especially  where 
the  discharge  rate  is  lower  than  normal. 

Discharge  Phenomena. —  1.  Voltage  (or 
PD). —  Of  equal  importance  with  the  capacity 
of  a  battery  is  its  voltage  characteristic,  a 
typical  curve  of  which  is  shown  in  Fig.  34. 
Starting  off  at  approximately  two  volts,  there 
is  a  gradual  falling  off,  till  the  end  approaches, 
when  the  voltage  rapidly  drops  below  a  use- 
ful value.  The  curve  shown  is  for  the  normal 
rate,  but  is  fairly  indicative  of  rhe  general 
behavior  of  a  lead  cell  on  discharge.  With 
higher  rates,  however,  the  curve  is  lower 
throughout  its  length,  and  more  nearly  ap- 


acid  varies  as  discharge  proceeds,  and  the 
third  curve  of  Fig.  34  shows  for  a  particular 
case  what  this  change  amounts  to.  Barring 
the  fact  of  a  lag  at  the  start,  the  change  of 
acid,  measured  by  hydrometer,  varies  directly 
with  the  ampere  hours  drawn  from  the  cell; 
but  the  amount  of  change  depends  so  entirely 
upon  the  relative  volume  of  acid  contained  in 
a  given  cell,  that  the  numerical  values  of  this 
curve  in  Fig.  34  have  no  general  significance. 

3.  Temperature  Change. —  The  lead  cell  to 
a  slight  extent  is  a  thermo-electric  accumu- 
lator, inasmuch  as  a  slight  disappearance 
of  heat  accompanies  the  discharge.  This  phe- 
nomena is  graphically  shown  in  the  lower  curve 
of  Fig.  34,  where  it  is  seen  that  the  tempera- 
ture dropped  9°  F.  during  discharge.  At 
higher  rates,  the  heat  generated  by  internal 
electric  friction  overbalances  that  absorbed,  and 
at  the  one  hour  rate  the  temperature  rises 
about  to  the  same  amount  as  it  dropped  at 
normal  rate.    The  absorption  of  heat  on  dis- 
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charge,  while  of  much  theoretic  interest,  is  of 
little  practical  value. 

Internal  Resistance. —  One  of  the  most 
valuable  attributes  of  the  lead  battery  is  its 
high  conductivity,  which  enables  it  to  yield  up 
its  stored  energy  at  extremely  high  rates.  It 
is  impossible  to  state  the  resistance  definitely 
owing  to  variation  of  design;  but  by  way  of 
illustration  it  may  be  said  that  a  cell  of  the 
type  from  which  Fig.  34  was  taken,  having  a 
normal  rate  of  35  amperes,  has  an  internal  re- 
sistance of  about  .0014  ohms  at  beginning,  and 
.0028  ohms  at  end  of  discharge.  Since  it  is 
mainly  through  its  influence  upon  voltage  that 
internal  resistance  is  of  interest,  the  data  fur- 
nished by  the  curves  of  Fig.  33  give  the  prac- 
tical information  required  better  than  an  at- 
tempted formula  for  calculating  resistance. 

Efficiency. —  During  charge,  the  P.  D.  of  a 
lead  cell  starting  at  about  two  volts  rises  gradu- 


ditions,  the  volt  efficiency  is  about  75  per  cent, 
the  watt  hour  efficiency  about  65  per  cent. 
These  conditions  are  the  most  prevalent,  except 
when  a  battery  is  charged  directly  from  a 
generator,  whose  voltage  is  made  to  vary  ac- 
cording to  the  charging  curve. 

Capacity  Weight  Ratios. —  The  capacity  per 
unit  weight  of  lead  storage  batteries  varies  all 
the  way  between  1.4  ampere  hour  per  pound  of 
cell  in  the  heavier  stationary  types,  such  as  Fig. 
25,  to  about  5.5  in  the  lightest  thin  plate  types 
for  portable  service.  Fig.  26.  These  figures,  as 
a  basis  of  comparison,  refer  in  all  cases  to  a 
discharge  rate  approximating  the  five-hour.  To 
find  the  corresponding  values  for  other  rates, 
reference  should  be  had  to  the  capacity  curve 
of  Fig.  33,  bearing  in  mind  that  100  per  cent  in 
this  figure  corresponds  to  an  actual  capacity  of 
4.6  ampere  hours  per  pound. 

Since  the  mean  discharge  voltage  under 
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ally  and  finally  becomes  constant  at  a  rather 
indefinite  value,  from  2.5  to  2.6  volts,  follow- 
ing the  general  trend  of  the  upper  curve  of  Fig. 
34.  The  mean  height  of  this  curve  is  2.3  volts; 
that  of  the  discharge  curve  1.95  volts.  Hence 
the  volt  efficiency  is  85  per  cent. 

In  commercial  operation,  it  is  found  neces- 
sary that  the  charge  exceed  the  discharge  by 
about  15  per  cent,  so  that  the  ampere  hour 
efficiency  is  about  87  per  cent,  the  watt  hour 
efficiency  about  75  per  cent.  When  worked  to 
less  than  100  per  cent  capacity,  both  voltage  and 
current  efficiency  are  higher;  so  that  in  such 
cases  it  may  reach  or  even  exceed  90  per  cent, 
as  in  regulating  service,  where  charge  and  dis- 
charge succeed  each  other  rapidly  and  for  a 
few  minutes  duration  only. 

Where  a  battery  is  charged  from  a  fixed 
voltage,  on  the  other  hand,  this  voltage  must  at 
least  equal  that  at  the  end  of  the  charge;  hence 
where  worked  to  full  capacity  under  these  con- 


tin^-  conditions  is  approximately  1.95  it  fol- 
lows that  the  energy  capacity  of  a  conserva- 
tively designed  battery  for  portable  service  (as 
in  Fig.  24)  is  about  9  watt  hours  per  pound  ;  for 
the  lightest  types  in  commercial  use  (Fig.  26) 
about  11. 

It  is  a  prevalent  and  quite  natural  idea  that 
because  the  ordinary  storage  battery  is  made  of 
lead,  it  is  therefore  unduly  heavy.  But  when  it 
is  stated  that  each  pound  weight  of  battery  can 
store  up  24,000  foot-pounds,  it  may  be  readily 
appreciated  that  the  electric  storage  lattery  of 
to-day  is  by  far  the  most  effective  piece  of 
mechanism  known  for  storing  energy.  Put  in 
slightly  different  form,  it  may  be  stated  that  the 
modern  battery  of  conservative  and  substantial 
design,  as  in  Fig.  24,  can  give  out,  in  the  space 
of  five-hours,  electrical  energy  sufficient  to  lift 
itself  approximately  five  miles  high. 

Care  and  Operation. —  To  give  a  complete 
treatise  on  battery  operation,  covering  the  whole 
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varied  field  to  which  batteries  are  applied,  would 
be  beyond  the  scope  of  this  article;  but  a  few 
fundamental  principles  which  are  applicable  to 
all  cases  may  be  briefly  stated. 

1.  Care  of  Electrolyte. —  Evaporation  of  the 
water  of  the  electrolyte  is  constantly  taking 
place,  especially  while  the  cell  is  gassing  freely 
at  the  end  of  charge;  this  must  be  made  up  by 
periodic  additions  of  water.  Since  the  amount 
of  water  thus  added  during  the  life  of  a  bat- 
tery is  many  times  the  original  amount  con- 
tained, any  impurities  in  the  water  accumulate 
quite  rapidly.  Hence  it  is  very  important  to 
use  only  pure  water  for  this  purpose,  and 
among  the  impurities  commonly  present 
chlorine  and  iron  in  any  form  are  especially  to 
be  avoided.  Addition  of  acid  should  be  avoided. 

2.  Regulation  of  Charge. —  If  a  battery  be 
habitually  charged  too  little,  the  active  material 
becomes  gradually  more  and  more  converted 
into  lead  sulphate,  until  in  time  it  ceases  to 
function.  Very  long  continued  charge  is  then 
necessary  to  restore  it  to  a  working  condition. 
If  on  the  other  hand  it  be  charged  too  much, 
the  gas  bubbles  liberated  from  the  plates  give 
rise  to  a  softening  and  eroding  action  upon  the 
positive  material,  which  detaches  it  from  the 
plates,  and  in  time  leaves  the  grids  bare,  and  no 
longer  workable.  Experience  has  demonstrated 
that  best  results  are  obtained  when  each  charge 
exceeds  in  ampere  hours  the  previous  discharge 
by  about  15  per  cent. 

Several  methods  are  in  use  for  determining 
the  correct  amount  of  charge,  as  follows :  (a) 
The  "ampere  hour*  metre  snows  directly,  both 
the  current  withdrawn  on  discharge  and  that 
put  in  on  charge,  from  which  the  latter  may  be 
regulated;  a  very  generally  effective  method 
when  the  discharge  current  is  not  too  low,  say 
10  per  cent  of  the  normal,  (b)  The  battery 
may  be  charged  till  the  voltage  ceases  to  rise; 
one  of  the  older  and  less  reliable  methods,  (c) 
The  best  indication  of  the  state  of  charge  is 
that  based  upon  specific  gravity  of  the  electro- 
lyte. If  the  specific  gravity  be  read  at  regular 
intervals  during  charge,  it  will  be  found  to  rise 
steadily  for  a  time,  and  then  become  constant. 

When  three  successive  readings  covering  a 
period  of  about  an  hour  show  no  change  in 
gravity,  it  means  that  chemical  action  between 
plates  and  electrolyte  has  ceased,  and  hence  that 
the  charge  is  complete,  and  should  he  stopped. 

This  method  of  determining  charge  is  far 
the  most  reliable,  and  should  be  used  wherever 
possible;  and  in  any  case  should  be  used  from 
time  to  time,  to  check  up  and  make  certain  that 
charging  is  being  done  correctly.  A  single  cell 
is  usualTy  selected  as  a  "pilot*  for  taking  read- 
ings with  this  method. 

While  the  life  of  a  battery  may  he  much  in- 
creased by  careful  regulation  of  the  charge, 
according  to  the  above  principles,  yet  many 
hundreds  of  thousands  of  batteries  arc  in  suc- 
cessful operation,  where  the  only  care  observed 
in  charging  is  to  arrange  that  it  is  ample,  re- 
gardless of  other  considerations. 

The  strength  of  electrolyte  used  in  storage 
batteries  is  not  standardized,  but  varies  with 
different  makes  and  designs,  and  even  with  the 
individual  cells  of  a  given  battery.  In  general 
where  weight  is  a  prime  factor,  higher  gravity, 
usually  about  1280  specific  gravity,  is  used; 
where  weight  and  bulk  arc  not  important  lower 
gravity,  1200  or  even  1.180,  are  preferably  em- 


ployed. In  the  former  case  the  voiume  of  acid 
is  small,  and  the  drop  of  acid  during  discharge 
is  correspondingly  large,  so  that  in  discharged 
condition  it  may  be  1,150;  in  the  case  of  a 
stationary  cell,  where  there  is  no  close  limit  to 
bulk,  the  ami  which  reads  perhaps  1,200  on 
charge  will  drop  during  discharge  to  about  the 
same  point  as  tnc  other,  namely,  1,150-1,170.  It 
is  thus  impossible  to  give  any  generally  ap- 
plicable values  for  the  specific  gravity  of  the 
electrolyte,  but  the  theory  of  charging  till  a 
maximum  is  reached  holds  universally  true. 

The  specific  gravity  of  sulphuric  acid  of  the 
concentration  used  in  batteries  varies  with 
temperature,  a  rise  of  10°  F.  causing  a  drop  of 
.003  specific  gravity;  and  as  a  matter  of  refer- 
ence it  is  usual  to  correct  all  reading*  to  70°  F. 

Applications  of  the  Storage  Battery. — 
The  field  of  the  storage  battery  to-day  is  so 
broad  that  a  few  of  the  most  important  appli- 
cations only  may  be  enumerated,  as  follows : 

Propulsion  of  Automobiles  and  Commercial 
Trucks. —  Usually  40  or  42  cells,  capacity  of 
100-250  ampere  hours,  type  of  cell  as  per 
Fig.  24. 

Propulsion  of  Mine  Locomotives.— 40-88 
cells,  200-300  ampere  hours  capacity.    Fig.  36. 

Propulsion  of  Small  Industrial  Trucks. — 
Usually  12-16  cells,  100-200  ampere  hours 
capacity,  type  of  cell  as  per  Fig.  24. 

Propulsion  of  Submarine  Torpedo  Boats, 
while  running  submerged. —  Usually  120  cells, 
4,000-14,000  ampere  hours  capacity. 

Electric  Lighting  of  Railway  Trains. —  Each 
rar  equipped  with  a  f«utcry,  usually  16  cells, 
150-350  ampere  hours  capacity.    Fig.  35. 
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Two  Cell  Unit  of  Train  Lighting  Battery,  which 
consists  of  16  Cells  in  all.    Appro*.  1/10  sue. 


Starting  and  Lighting  of  Automobile. — 
Usually  3  cells,  designed  to  give  150-250  am- 
peres for  short  intervals  of  a  few  minutes  du- 
ration.   Fig.  26. 

Airplane  Motor  Ignition. —  Usually  4  small 
cells,  to  insure  motor  reliability. 

Mine  Lamps. —  One  or  two  cells,  8-12  am- 
pere hours  capacity. 

Railway  Signal  Sendee,  for  operating  the 
signals  which  control  the  movements  of  trains. 

Wireless  Telegraphy  as  the  source  of  power, 
both  ashore  and  afloat,  in  army  and  navy,  as 
well  as  commercial  service. 

Telephone  Stations  furnishing  power  for  the 
telephone  systems.  Practically  every  central  is 
provided  with  a  battery,  charged  from  a  small 
dynamo,  and  for  the  purpose  of  assuring  con- 
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tinuity  of  operation.  Batteries  from  15  to 
2,400  ampere  hours  capacity;  Fig.  25  shows  a 
typical  cell. 

Lit/hi  and  Power  Plants,  in  great  variety. 
Fig.  37  shows  a  small  16  cell  battery,  charged 
from  a  low  power  gasoline  engine  and  dynamo, 


Pig.  36. 

Electric  Locomotive  Battery.  48  Cells,  21  Plates  each, 
capacity  210  amperes  for  I  hour.    Appro*.  1/25  sise. 


and  suitable  for  lighting  the  buildings  on  a 
form.  Fig.  30  shows  a  mammoth  size  central 
station  batten',  used  as  a  reserve  or  stand-by  in 
connection  with  a  large  central  power  station. 

Between  these  extremes,  batteries  of  all 
kinds  and  sires  are  employed,  in  steam,  water 
and  oil  operated  power  plants. 

As  an  indication  of  the  importance  of  the 
storage  battery  in  the  United  States,  it  may  be 
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[16  Cell  Battery  for  Small  Isolated  Lighting  Plant  — 
Capacity  8  amperes  for  8  hours.    About  1/30  size. 

stated  that  their  manufacture  gives  direct  em- 
ployment to  some  14,000  persons{  with  many 
more  indirectly  employed;  that  it  is  among  the 
three  largest  consumers  of  lead  in  the  country ; 
and  that  the  annual  output  approximates  2,- 
000,(XX)  horse  power  hours  capacity. 

Bibliography.—  Dolczalck,  'Theory  of  the 
Lead  Accumulator'  (tr.  by  Van  Ende,  1904)  ; 
Lyndon,  Lamar,  'Storage  Battery  Engineering' 
(1911);  Morse,  Harry  W.,  "Storage  Batteries' 
(1916);  Wade,  E.  J..  'Secondary  Batteries' 
(London  1902). 

EowAKn  Wanton  Smith,  Ch.E., 
Factory  Engineer,  The  Electric  Storage  Battery 
Company,  Philadelphia. 

ELECTRIC  STORM,  a  sudden  and  violent 
change  in  the  normal  magnetic  currents  of  the 
earth,  with  oscillations  of  potential,  interfering 
with  the  action  of  telegraph  and  telephone  in- 
struments, sometimes  suspending  their  opera- 
tion and  even  diverting  the  current  so  as  to 
stop  trolley  cars;  called  also  magnetic  storm. 
Without  any  advance  warning  the  magnetic  nee- 
dles will  swing  a  long  way  out  of  normal  posi- 
tions, because  of  the  disturbed  earth  currents. 
The  electric  potential  of  the  earth  is  ordinarily 
stated  as  zero,  and  all  electric  currents  arc  meas- 
ured from  that  basis  or  standard,  which  repre- 
sents the  balance  that  electricity  seeks.  The 
earth  is  a  huge  dynamo,  \vi»h  magnetic  currents 
continually  flowing,  and  it  will  absorb  any 
amount  of  electric  current  that  the  machines 


of  man  can  collect  without  any  apparent  effect 

on  this  vast  storehouse  of  nature.  But  the  sun 
is  also  a  natural  dynamo,  of  vastly  greater  ac- 
tivities and  subject  to  electric  stresses  of  a  vio- 
lence far  transcending  anything  we  have  or 
can  experience  on  this  earth.  One  of  the  ap- 
parent effects  of  the  electric  and  chemical  ac- 
tivities of  the  sun  is  displayed  in  the  sun-spots, 
which  occur  there  with  irregular  frequency,  ap- 
pearing to  come  and  go  in  undetermined  cycles. 
The  cause  of  these  sun-spots  is  largely  conjec- 
tural, but  the  view  is  generally  accepted  that 
they  represent  openings  or  vortices  in  the  outer 
gaseous  envelope  of  the  sun.  However  this 
may  be,  it  is  apparent  that  they  are  in  some  way 
connected  with  the  electric  storms  or  violent 
changes  of  magnetism  that  occur  on  the  earth. 
These  electric  stresses  occur  at  intervals  that 
cannot  be  predicted,  but  arc  comparatively  fre- 
quent, and  perhaps  once  or  twice  a  year  th« 
violence  of  the  magnetic  changes  is  sufficiently 
abnormal  to  be  characterized  as  a  great  storm, 
which  for  a  short  time  paralyzes  the  action  of 
more  or  less  electric  machinery,  much  as  a 
great  storm  of  wind  and  rain  paralyzes  the 
traffic  of  a  large  city. 

For  the  past  25  years  or  longer  many  scien- 
tists and  a  number  of  observatories  have  been 
more  or  less  engaged  in  studying  the  phenomena 
of  these  storms  and  have  striven  to  formulate 
a  correct  theory  of  their  origin  and  progress. 
The  difficulty  is  not  that  reasons  cannot  be 
found  for  such  irregularities  of  the  earth's  po- 
tential, but  rather  that  there  arc  so  many  plaus- 
ible explanations  which  cannot  all  be  true,  that 
the  investigators  are  puzzled  which  clues  to 
follow.  Early  observations  disclosed  a  periodic- 
ity in  the  electrical  storms,  that  clearly  tended 
to  follow  the  displays  of  sun-spot  activity.  If 
these  spots  were  the  direct  cause  it  would  be 
reasonable  to  expect  the  following  electrical 
storm  on  the  earth  to  come  at  a  definite  interval ; 
but  the  fact  is  that  an  electric  storm  always 
lags  behind  the  sun-spot  activity,  and  lags  all 
the  way  from  a  few  hours  to  a  few  days.  While 
the  average  lag  is  about  38.4  hours,  the  lag  in 
great  storms  is  only  about  20  hours,  indicating 
that  the  more  violent  the  influence  the  swifter 
the  travel. 

Another  sort  of  evident  periodicity  in  elec- 
trical storms  is  their  recurrence  at  periods  of 
about  a  month.  Some  observers  have  figured 
numerous  intervals  corresponding  with  the 
lunar  month,  while  others  have  noted  a  close 
correspondence  with  the  synodic  months  of  29 
and  a  fraction  days,  this  synodic  month  repre- 
senting the  dates  on  which  the  earth,  sun  and 
moon  come  almost  or  quite  into  a  direct  line. 
This  suggests  that  the  storms  are  influenced  by 
the  sun  and  moon  jointly,  or  that  in  some  way 
the  moon  directs  these  extraordinary  electric 
activities  of  the  sun  toward  this  planet. 

Certain  other  well-established  phenomena 
have  been  established  with  reference  to  these 
storms.  Not  only  arc  they  coincident  with 
sun-spots  to  a  marked  degree,  but  also  with  dis- 
plays of  the  aurora  borealis  or  "northern 
lights.*  Evidently  the  aurora  is  but  a  visual 
evidence  of  magnetic  disturbance.  Another 
pertinent  fact  discovered  is  that  the  magnetic 
storm  is  about  twicr  as  apt  to  occur  in  the  night- 
time as  in  daylight,  which  is  accounted  for  on 
the  supposition  that  the  ravs  strike  the  earth's 
atmosphere  at  a  great  height  and  arc  deflected 
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by  the  earth's  magnetic  currents,  being  mainly 
manifest  on  the  hemisphere  opposite  the  sun. 
They  are  by  no  means  confined  to  the  dark 
hemisphere;  in  fact  they  frequently  strike  the 
earth  and  circle  it  several  times  before  their 
force  is  spent.  Prof.  L.  A.  Bauer,  of  the  Car- 
negie Institute  at  Washington,  discovered  that 
in  two  gTeat  electrical  storms  (in  1902  and 
1903)  the  magnetism  circled  the  earth  at  a 
speed  of  about  7,000  miles  a  second,  requiring 
3#  to  4  seconds  only  to  complete  the  cir- 
cumference. It  had  previously  been  supposed 
that  all  magnetic  needles  felt  the  storm  at  the 
same  instant.  He  not  only  demonstrated  this 
travel,  but  showed  that  some  storms  traveled 
from  west  to  east,  others  from  east  to  west. 
Other  things  we  know  about  electric  storms  are 
that  the  smaller  storms  are  comparatively  local, 
being  termed  equatorial  storms  and  polar 
storms  according  to  the  portion  of  the  earth's 
surface  affected.  There  are  also  types  recog- 
nised as  positive  and  negative  storms. 

Within  recent  years  a  new  theory  has  de- 
veloped, which  may  be  summed  up  with  the 
idea  that  pencil-shaped  emanations  or  shafts  of 
Roentgen  or  cathode  rays,  or  perhaps  of  nega- 
tively charged  particles,  are  shot  out  by  the 
sun  during  periods  of  sun-spots,  and  that  when 
the  earth  runs  into  one  of  these  the  effect  here 
is  an  electric  storm.  This  hypothesis  assumes 
that  the  same  electric  activities  that  produce 
sun-spots  also  produce  these  pencil-shaped 
shafts  of  rays  and  not  that  the  sun-spots  are 
responsible  for  them.  Professor  Bauer- points 
out  that  the  fact  that  electric  storms  may  travel 
in  either  direction  around  the  earth  is  against 
this  pencil-like  shaft  theory,  as  these  should 
intercept  the  earth  always  in  the  same  way. 
The  professor  has  also  noted  that  these  storms 
seem  to  break  at  a  height  of  about  75  miles  in 
the  earth's  atmosphere  and  that  as  they  come 
closer  to  the  surface  their  effects  are  felt  more 
severely.  He  contends  that  the  energy  of  elec- 
tric storms  is  supplied  by  the  earth  itself  and 
not  by  the  sun  or  sun-spots ;  that  the  same  ac- 
tivities in  the  sun  that  cause  sun-spots,  set  in 
motion  the  electric  storms  very  much  as  a  trig- 
ger sets  in  motion  the  activities  of  the  powder 
in  a  gun. 

Prof.  Kr.  Birkeland,  of  Christiania,  has 
made  exhaustive  experiments  with  vacuum  tube 
apparatus  of  his  own  designing,  in  the  effort 
to  prove  the  theory  of  cathode  ray  origin  or 
something  similar.  He  has  succeeded  in  dupli- 
cating much  of  the  phenomena  of  the  electric 
storm  and  made  many  valuable  records,  but  his 
theories  have  not  been  generally  accepted. 

ELECTRIC  STRESS,  the  force  that 
causes  the  deformation  of  the  surface  of  a  sub- 
stance within  an  electric  field. 

ELECTRIC  SUNSTROKE,  a  stroke  that 
prostrates  a  person  in  a  manner  resembling 
sunstroke,  brought  on  by  prolonged  exposure  to 
a  strong  electric  light. 

ELECTRIC  TELEGRAPH.    See  Tele- 
graphy. 

ELECTRIC  TELEGRAPH  CABLE.  Sec 

Cable;  Telegraphy. 

ELECTRIC  TELEPHONE.    See  Tele- 
phone. 

ELECTRIC  TENSION.  See  Electric 
Batteries;  Electricity;  Electro- motive  Force. 
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ELECTRIC  TORPEDO,  a  torpedo  oper- 
ated by  electricity.  There  are  various  kinds  of 
electric  torpedoes.  The  Sims-Edison  torpedo  is 
driven  by  an  electric  motor  and  its  motions  are 
controlled  from  the  shore  by  electricity.  The 
torpedo  proper  is  carried  some  distance  below 
the  surface  of  the  water  by  a  vessel  immediately 
above  it,  from  which  it  is  suspended  by  two 
rigid  bars.  In  the  torpedo  is  a  cable  reel  on 
which  the  conducting  cable  is  disposed.  An 
electric  motor  and  controlling  gear  are  also 
contained  within  the  torpedo.  In  its  front  the 
explosive  is  placed.  It  is  driven  by  a  screw 
propeller  actuated  by  the  electric  motor.  As  it 
moves  it  pays  out  cable  so  that  it  has  no  cable 
to  draw  after  it  through  the  water,  the  cable 
lying  stationary  in  the  water  behind  it.  This 
avoids  frictional  resistance  to  its  motion.  The 
maintenance  of  the  torpedo  at  a  proper  depth  is 
one  of  the  advantages  of  the  system  over  other 
methods. 

ELECTRIC  TRANSMISSION  OF  EN- 
ERGY, Long  Distance.  An  electric  trans- 
mission of  energy  obviously  occurs  when  the 
relay  of  a  Morse  telegraph  circuit,  or  the  sensi- 
tive mirror  used  in  submarine  cable  telegraphy, 
responds  to  the  feeble  current  impulse  origi- 
nated at  the  transmitting  end  of  the  wire.  It 
is  also  obvious  that  wc  have  the  electric  trans- 
mission of  power  in  the  ordinary  use  of  electric 
light  or  electric  motors  even  when  the  generator 
is  stationed  in  the  building  in  which  that  light 
or  power  is  used.  But  generally  speaking  the 
term  electric  transmission  of  energy  denotes  the 
transmission  of  energy  on  a  large  scale  bv  means 
of  overhead  or  underground  conductors  or 
cables  and  its  transformation  into  light,  heat, 
chemical  energy  or  mechanical  power  at  the 
remote  end  of  the  conductors.  When  the  dis- 
tance to  which  this  electric  power  is  trans- 
mitted exceeds  say  15  or  20  miles  it  is  usually 
spoken  of  as  the  long  distance  transmission  of 
electric  energy  or  power. 

In  cities  like  New  York  where  electric  energy 
for  lighting,  power  and  railway  traction  is  trans- 
mitted distances  ranging  from  less  than  a  mile 
to  15  or  18  mi'es  from  the  power  house  the 
conductors  are  usually  placed  in  cables  in  under- 
ground conduits  and  the  maximum  electro- 
motive force  transmitted  is  about  11,000  volts. 
This  pressure  is  directly  generated  by  a  steam- 
driven  alternating  current  generator  and  is 
transmitted  over  the  conductors  to  sub-stations, 
where  by  means  of  step-down  transformers  the 
pressure  is  dropped  to  say  600  volts  alternating 
current  which  when  direct  current  is  desired 
by  rotary  converters  is  converted  into  direct 
current  for  the  street  mains,  the  feeders  of  the 
railway  system  and  for  charging  storage  bat- 
teries which  in  turn  give  out  direct  current  at 
times  of  heavy  demand  or  when  otherwise  re- 
quired; or  when  alternating  current  is  required 
for  service  mains  the  11.000  volts  is  transformed 
to  say  240  volts.  When  water  power  is  avail- 
able, as  at  Niagara  Falls  and  innumerable  other 
places  in  this  and  other  countries,  the  electric 
transmission  of  power  on  a  large  scale  to  dis- 
tances of  25,  50,  100  and  200  miles  from  its 
source  is  not  uncommon. 

In  order  that  electric  power  may  be  trans- 
mitted economically  to  long  distances  the  use 
of  high  electric  pressure  or  tension  is  essential, 
since  otherwise  the  cost  of  copper  in  the  con- 
ductors would  be  excessive.    For  example:  It 


Digitized  by  Google 


ELECTRIC  TRANSMISSION   OF  ENERGY 


has  been  calculated,  on  the  basis  of  5,000  volts, 
that  to  transmit  2,356  kilowatts  a  distance  of 
100  miles  would  require  about  22^62,737  pounds 
of  copper  in  the  conductors,  assuming  a  line 
drop  of  750  volts,  or  15  per  cent  of  the  total 
electro- motive  force,  whereas  with  40,000  volts 
the  total  amount  of  copper  required  would  be 
about  357,230  pounds.  Even  doubling  the  pres- 
sure would  quarter  the  amount  of  metal  re- 
quired for  a  given  distance  and  given  line  drop. 
In  the  electric  transmission  of  power  to  long 
distances  the  use  of  alternating  current  is  gen- 
eral, and  transformers  are  utilized  to  increase 
the  electro-motive  force  on  the  transmission  line 
and  for  reducing  it  at  the  points  of  distribution. 
Where  the  electro-motive  force  on  the  line  does 
not  exceed  10,000  volts  generators  developing 
that  electro-motive  force  may  be  employed. 
When  that  line  voltage  is  exceeded  the  station 
voltage  adopted  is  about  2,300  volts ;  this  being 
stepped  up  by  transformers  to  the  electro-motive 
force  desired  on  the  line.  This  moderate  voltage 
admits  of  the  use  of  lighter  copper  wires  or 
conductors  in  the  station  apparatus  than  higher 
voltages  would  require.  In  present  day  prac- 
tice, however,  the  use  of  150,000  volts  is  not 
uncommon  and  line  insulators  and  transformers 
to  withstand  this  pressure  arc  now  employed. 
Indeed,  manufacturers  are  prepared  to  supply 
transformers  capable  of  operating  at  200.000 
volts.  In  North  Carolina  and  South  Carolina 
over  1,000  miles  of  100,000- volt  transmission 
circuits  are  in  operation  on  the  system  of  the 
Southern  Power  Company,  which  derives  its 
power  mainly  from  hydro-electric  developments. 
In  California  there  is  a  150,000-volt  circuit  from 
Big  Creek  to  Los  Angeles,  a  distance  of  240 
miles,  on  the  system  of  the  Pacific  Light  and 
Power  Corporation.  The  conductors  of  this 
circuit  are  supported  on  steel  towers.  In  addi- 
tion this  company  has  in  operation  105  miles  of 
60,000-volt  circuits,  240  miles  of  50.000-volt  cir- 
cuits and  831  miles  of  15,000-volt  circuits.  These 
last  circuits  arc  supplied  with  current  from  the 
150,000-volt  circuits  at  various  distribution 
points  by  means  of  step-down  transformers  in 
sub-stations. 

Modern  usage  in  the  matter  of  type  of  alter- 
nating current  employed  leans  largely  toward 
three-phase.  (See  Electric  Altf.knatinc  O'R- 
rkst  Machinkry).  For  each  circuit  this  re- 
quires three  conductors  which  arc  arranged  on 
the  poles  and  cross-arms  usually  in  an  equilat- 
eral triangle,  the  wires  being  separated  from 
one  another  by  a  distance  of  six  or  eight  feet. 
The  wires  arc  in  some  cases  transposed  on  the 
poles,  to  form  in  effect  a  long  horizontal  spiral. 
This  is  generally  done  to  prevent  inductive 
effects  on  the  telephone  wires  used  for  signaling 
on  the  same  or  adjacent  poles,  although  some 
engineers  also  think  that  spiraling  the  con- 
ductors diminishes  the  impedance  of  the  cir- 
cuit. So  far  as  the  telephone  line  belonging  to 
the  transmission  company  is  concerned  the  sim- 
plest way  to  avoid  inductive  effects  is  to  spiral 
the  telephone  circuit.  While,  as  just  intimated, 
the  long-distance  transmission  of  energy  is  car- 
ried on  chicflv  by  means  of  the  alternating  cur- 
rent, transformers,  etc.,  high  potential  trans- 
mission in  at  least  one  instance  in  Europe  has 
been  effected  with  continuous  current.  In  this 
instance  the  line  pressure  is  60.000  volts,  which 
is  generated  directly  on  the  line  by  six  dynamo 


machines  in  series,  each  generating  10,000  volts. 
Al  the  point  of  distribution  six  motors  are  con- 
nected in  series  and  each  motor  is  caused  to 
drive  a  generator  which  in  turn  develops  elec- 
trical energy  of  a  desired  potential  and  current 
output. 

For  the  supports  of  the  transmission  line 
the  choice  is  practically  between  the  use  of 
wood  poles  or  steel  towers.  The  land  of  wood 
employed  for  the  poles  varies  somewhat  with 
the  locality,  cedar  being  used  in  the  northern 
States  and  redwood  in  the  Pacific  Coast  States. 
These  poles  must  be  of  sufficient  height  to  afford 
ample  clearance  from  ground  and  sufficiently 
strong  to  withstand  wind  strains,  etc.  Poles 
fitted  to  meet  these  requirements  and  to  carry 
two  three-wire  circuits  should  be  at  least  35 
to  40  feet  in  height,  set  5  to  6  feet  in  the 
earth  and  be  12  to  14  inches  in  diameter  at  the 
butt  and  at  least  8  inches  at  top.  The  use  of 
steel  towers  permits  longer  spans  and  conse- 
quently diminishes  the  total  number  of  insu- 
lators necessary.  With  wooden  poles  the  maxi- 
mum length  of  span  is  180  feet;  minimum 
80  feet.  With  steel  towers  using  12  to  the  mile 
the  span  between  towers  is  440  feet  On  one 
long-distance  transmission  the  towers  are  made 
up  of  four  galvanized  angle  iron  posts  40  feet 
in  length,  3  inches  by  6  inches  with  three-six- 
teenths inch  angles,  the  posts  being  stayed  with 
suitable  angles  and  cross  rods. 

For  the  very  high  potentials  used  on  long- 
distance transmission  lines  extra  precautions  as 
to  insulation  are  requisite,  both  where  the  wires 
leave  the  power-houses  and  on  the  poles  or 
towers.  For  insulating  the  conductors  from 
the  poles  or  towers  large  porcelain  discs  are 
now  commonly  used,  in  a  series  of  four  or  more 
(arranged  somewhat  like  Japanese  dinner 
gongs),  termed  suspension  insulators,  the  upper 
disc  of  which  is  attached  to  the  pole  or  tower. 
The  conductor  is  attached  to  the  lowest  disc. 
Much  care  is  required  in  the  manufacture  of 
these  insulators.  This  series  arrangement  of 
insulators  has  largely  increased  the  amount  of 
electro-motive  force  that  can  be  successfully 
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employed  in  electrical  transmission  of  power  as 
the  electric  potential  is  divided  between  the 
individual  discs.  Other  types  of  insulators  for 
high  tension  service  consist  of  large  petticoat 
insulators  about  12  inches  in  diameter  across 
the  top,  12  inches  in  height  and  weigh  18  to 
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20  pounds.  They  are  supported  on  the  cross- 
arms  or  on  the  pole  itself  by  wooden  or  iron 
pins.  For  pressures  up  to  about  25,000  volts 
wooden  pins  arc  found  fairly  satisfactory,  but 
above  that  pressure  they  are  found  to  char  by 
a  peculiar  action  of  the  current,  and  it  is  ad- 
visable on  this  account,  as  well  as  for  mechanical 
reasons,  to  employ  cast  iron  or  metal  composi- 
tion pins-  These  pins  are  from  15  to  17  inches 
in  height  and  they  maintain  the  insulator  about 
12  inches  from  the  pole  or  cross-arm.  (See 
illustration,  which  shows  an  iron  tower,  a  three- 
wire  circuit,  with  cross-arms,  pins  and  porcelain 
insulators;  also  the  openings  in  the  gable  of 
power-house  by  which  the  high  tension  con- 
ductors pass  out). 

The  choice  of  metal  for  the  conductors  in 
this  service  is  virtually  confined  to  copper  and 
aluminum.  It  is  known  that  there  is  a  tendency 
to  a  brush  discharge,  termed  corona,  in  the  air 
between  conductors  conveying  currents  at  high 
pressures  that  leads  to  a  waste  of  electric  energy 
when  with  wires  of  given  diameter  a  critical 
electromotive  force  is  reached.  The  critical 
electromotive  force  also  varies  with  the  dis- 
tance between  the  wires.  It  was  at  one  time 
thought  that  this  effect  would  constitute  the 
limiting  factor  in  the  long-distance  transmission 
of  electric  power,  but  in  Prof.  Harris  J.  Ryan's 
paper,  'Conductivity  of  the  Atmosphere  at  High 
Voltages'  (consult  'Proceedings'  American  In- 
stitute Electrical  Engineers,  Vol.  XXI.  No.  3), 
he  shows  that,  regardless  of  the  metal  employed, 
by  increasing  the  diameter  of  the  conductors, 
whereby  the  electric  gradient  is  kept  below  the 
breaking  down  point  of  the  air  in  the  vicinity 
of  the  wire,  this  effect  is  avoided.  For  example, 
to  avoid  atmospheric  losses  between  conductors 
separated  by  an  air  space  of  four  feet,  with 
barometric  pressure  of  29.5  inches  of  mercury, 
temperature  70°  F..  the  conductors  must  have, 
for  an  operating  electromotive  force  of  50,000 
volts,  a  diameter  of  at  least  .058  inch;  for 
100.000  volts,  .192  inch;  for  150.000  volts.  .430 
inch;  for  250.000  volts,  .990  inch.  On  this 
account  it  has  been  deemed  advisable  in  numer- 
ous cases  to  employ  aluminum  conductors,  since 
weight  for  weight  its  diameter  is  much  greater 
than  that  of  copper. 

For  instance,  on  a  150-mile  line  in  California 
transmitting  745  kilowatts  (10,000  horse  power) 
at  40,000  volts,  aluminum  conductors  seven- 
eighths  inch  in  diameter  are  used.  In  a  100-mile, 
60,000-volt  transmission  line  in  Mexico  a  copper 
wire  three-eighths  inch  in  diameter  is  used. 
The  transmission  line  from  Shawanigan  Falls 
to  Montreal,  Canada,  employs  aluminum  con- 
ductors carrying  12,000  horse  power  at  50,000 
volts.  Steel-cored  aluminum  conductors  are 
also  used  for  this  purpose  and  in  some  of  the 
latest  high  tension  transmission  lines  steel-cored 
copper  conductors  arc  utilized. 

To  provide  a  system  that  will  be  as  nearly 
absolutely  reliable  as  practicable  duplicate  cir- 
cuits are  in  the  majority  of  cases  constructed, 
in  order  that  if  one  circuit  becomes  inoperative 
the  other  may  immediately  be  brought  into 
service.  In  some  cases  the  two  circuits  arc 
erected  on  one  set  of  poles.  In  others  two 
separate  pole  lines  are  built. 

Wherever  possible  private  rights  of  way  arc 
obtained  for  the  transmission  line  and  it  is  of 
advantage  to  have  this  way  so  wide  that  danger 
from  falling  trees  shall  be  avoided.    Rights  of 
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way  along  steam  railway  tracks  are  not  con- 
sidered desirable  for  the  reason  that  the  smoke 
from  the  engines  very  soon  so  impairs  the 
insulating  quality  of  the  insulators  that  frequent 
cleaning  and  washing  of  the  insulators  is 
rendered  necessary.  Even  on  private  routes  the 
cleaning  of  the  insulators  is  at  times  essential 
to  maintain  the  insulation. 

The  distance  to  which  electric  energy  can 
be  profitably  transmitted  from  a  source  of  elec- 
tric power  is  not  yet  definitely  determined. 
Much  depends  on  the  cost  of  fuel  at  the  dis- 
tributing points  and  the  amount  of  energy  to  be 
delivered.  In  California,  where  coal  is  dear, 
electric  energy  is  now  being  commercially  trans- 
mitted from  a  number  of  water-power  plants  in 
that  State  to  an  amount  exceeding  100,000  horse 
power  at  a  pressure  of  40,000  to  60,000  volts 
and  to  distances  ranging  from  50  to  230  miles. 
In  Switzerland  electric  energy  from  water 
power  is  transmitted  to  the  point  of  consumption 
and  sold  at  $20  per  horse-power  hour  per 
annum.  There  the  price  of  coal  is  $6  to  $8  per 
ton,  but  lal>or  is  cheap.  Electric  energy  gen- 
erated by  the  force  of  falling  water  and  trans- 
mitted 85  miles  by  wire  is  sold  in  Montreal, 
Canada,  at  $15  per  horse  power  per  annum  at 
a  profit.  But  while  as  stated  the  distance  to 
which  electric  energy  may  be  commercially 
transmitted  is  yet  undetermined,  calculations 
have  been  made  by  reputable  electrical  engineers 
which  indicate  that  under  proper  conditions 
electric  power  may  ultimately  be  profitably 
transmitted  in  large  quantities,  say  200,000  kilo- 
watts, and  at  a  pressure  of  170.000  volts,  to  a 
distance  of  500  miles.  This  transmission  would 
entail  the  employment  of  copper  wires  of  a 
diameter  so  large  that  the  dissipation  of  energy 
by  brush  discharges  between  the  conductors 
would  be  avoided.  Should  this  conception  be 
realized  it  would  obviously  bring  New  York, 
Chicago  and  other  large  cities  within  reach  of 
the  electrical  energy  developed  at  Niagara 
Falls.  Indeed  the  calculation  just  referred  to 
was  based  upon  the  amount  of  mechanical  power 
utilized  in  New  York.  Consult  'Proceedings 
American  Institute  of  Electrical  Engineers,  De- 
cember 1904.'    Sec  Power.  Transmission  ok. 

William  Mavf.r,  Jr., 
Consulting  Electrical  Engineer. 

ELECTRIC  UNDERGROUND  CABLES 
AND  CONDUITS.  In  the  first  attempts  to 
operate  the  electric  telegraph,  over  60  years 
ago,  both  in  this  country  and  in  Europe,  the 
wires  were  placed  in  cables  underground;  but 
owing  to  imperfection  in  the  methods  of  in- 
sulating the  wires,  as  well  as  in  the  type  of 
conduit  or  pipe  employed,  and  of  the  manner 
in  which  the  conduits  were  laid  in  the  earth, 
the  cables  and  conduits  failed  after  compara- 
tively short  service  and  the  use  of  overhead 
wires  supported  on  poles  was  resorted  to  and 
became  the  universal  practice,  which  continued 
almost  without  interruption  for  a  quarter  of  a 

century- 
Beginning  about  1890.  however,  there  has 
been  a  movement  in  all  the  principal  cities  ot 
America  and  Europe  to  place  all  electric  wires 
underground  in  order  that  the  streets  may  be 
freed  from  the  encumbering  poles  and  overhead 
wires.  In  New  York  city,  especially,  the  move- 
ment to  this  end  was  carried  on  vigorously  and 
persistently,  with  the  result  that  for  many  years 
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there  has  not  been  a  pole  supporting  telegraph, 
telephone,  electric  light  or  trolley  wire  in  any 
part  of  Manhattan  borough,  such  wires  all  being 
placed  in  cables  in  conduits  under  the  surface 
of  the  streets. 

Electric  Underground  Cables. —  The  type 
of  underground  cable  used  for  telephony,  teleg- 
raphy and  electric  light  and  power  purposes 
varies  greatly.  For  example,  the  conductors 
used  in  telephony  have  a  diameter  of  .040  inch ; 
those  for  telegraph  purposes  about  .080  inch; 
those  for  electric  light  and  power  range  from 
one-quarter  of  an  inch  to  one  inch  and  over  in 
diameter.  The  smaller  electric  power  wires  arc 
employed  in  high  potential  and  comparatively 
light  current  work ;  the  larger  wires  in  low 
tension  and  heavy  current  work.  It  is  thus 
feasible  to  place  about  400  telephone  conductors, 
or  100  telegraph  conductors,  in  one  cable  in  a 
three-inch  underground  duct  or  pipe,  while  it 
is  only  practicable  to  place  two,  three,  or,  at 
most,  five  electric  light  or  power  conductors 
in  a  similar  duct.  The  insulating  material  used 
for  telephone  conductors  is  usually  a  wrapping 
of  tissue  paper  in  narrow  strips,  laid  on  spirally 
over  each  conductor.  The  insulating  material 
of  telegraph  underground  cables  is  usually  a 
rubber  compound  or  strips  of  paper  saturated 
with  oils,  the  thickness  of  the  wall  of  which  is 
about  .038  inch.  The  insulating  material  of 
electric  light  and  power  cables  is  usually  a  rub- 
ber compound,  oil  paper  or  varnished  cambric, 
which  is  from  one-eighth  of  an  inch  to  nearly 
half  an  inch  thick,  depending  on  the  electric 
pressure  to  be  withstood,  which,  in  the  case  of 
low  potential  circuits,  is  about  220  to  600  volts, 
and  in  the  case  of  high  potential  circuits  may 
range  from  1,000  to  30,000  volts.  Gutta-percha, 
which  has  been  employed  for  the  insulation  of 
long  submarine  cables,  is  not  used  for  under- 
ground cables,  owing  chiefly  to  its  low  softening 
point  under  heat,  120°  F..  which  temperature  is 
not  infrequently  encountered  in  subways  in 
cities. 

Cables  designed  for  underground  work  are 
encased  in  a  lead  envelope  to  protect  the  in- 
sulating material  from  water,  moisture  and  the 
effects  of  gases,  acids,  etc.,  in  the  underground 
conduits.  For  crossing  rivers  such  cables  arc 
also  armored  with  iron  wires  in  addition  to  the 
lead  covering,  as  a  mechanical  protection. 

The  term  cable  includes  the  conductor 
("core"),  the  insulating  material,  the  lead  cov- 
ering and  the  armor  when  the  latter  is  cm- 
ployed.  Copper  is  practically  the  only  metal 
used  for  the  conductors  of  electric  cables. 
Aluminum  is  not  used  because  of  its  bulk  for 
a  given  conductivity,  which  bulk  is  about  1.6 
greater  than  copper.  The  increased  amount  of 
insulating  material  and  lead  covering,  as  well 
as  space  in  the  conduits,  that  would  be  required 
in  the  case  of  aluminum  for  a  given  con- 
ductivity would  be  virtually  prohibitive  of  its 
use  for  underground  cables. 

The  copper  wire  used  in  cables  is  drawn  to 
the  required  size  in  the  wire  factory  If  the 
wire  is  to  be  insulated  with  a  rubber  compound 
it  is  "tinned"  to  prevent  any  chemical  action 
between  the  sulphur  used  in  the  rubber  com- 
pound and  the  copper.  When  the  covering  is 
paper,  linen  or  fibre  the  wire  i*  not  tinned. 
The  tinning  process  consists  in  passing  the  wire 
through  a  vat  of  molten  tin.  For  electric  light 
and  power  cables,  when  the  conductors  do  not 


exceed  .204  inch  diameter,  they  are  usually 
solid,  or  of  one  wire;  above  that  size  they  are 
generally  stranded  to  obtain  flexibility.  The 
wires  are  stranded  in  a  stranding  machine  in 
one  process,  the  wires  being  wound  on  reels, 
which  arc  held  on  suitable  spindles  on  the  frame 
of  the  machine.  A  single  wire  is  held  in  the 
centre  of  the  frame  and  is  slowly  drawn  through 
a  guide.  The  wires  for  the  first  laver  are 
wound  spirally  around  the  central  wire;  the 
wires  for  the  second  layer  are  held  on  another 
frame  and  are  laid  over  the  first  layer  in  an 
opposite  direction,  and  so  on  for  the  additional 
layers  required.  The  strand  is  wound  upon  a 
drum  and  is  then  ready  for  the  insulating 
process. 

Rubber  Insulation. —  The  rubber  used  in 
the  insulating  material  for  cables  is  pure  Para 
rubber.  After  the  rubber  has  undergone  treat- 
ment by  washing  and  kneading  to  remove  the 
impurities  which  it  always  contains  in  its  crude 
state,  it  is  then  mixed,  by  suitable  machinery, 
with  the  ingredients  that  go  to  make  up  the 
compound,  such  as  litharge,  whiting,  blue  lead 
and  sulphur.  The  compound  is  then  ready  for 
placing  over  the  wire.  There  are  two  general 
methods  by  which  this  is  done,  termed,  re- 
spectively, the  seam  and  seamless  methods.  In 
the  seam  process  the  rubber  compound  is  calen- 
dered into  a  sheet  of  any  required  thickness, 
which  is  then  cut  into  long  strips.  These  strips 
are  then  passed  between  two  grooved  rollers 
having  sharp  cutting  edges.  The  wire  to  be 
covered  also  passes  in  the  centre  of  the  grooves 
of  these  rollers,  and  as  it  does  so  the  rubber 
strips  are  pressed  closely  around  it,  the  knife 
edges  of  the  rollers  cutting  off  the  surplus 
rubber  strip.    The  wire  thus  insulated  is  fre- 


Fig.  1.— Rubber  Covering  Machine. 


qucntly  wrapped  spirally  with  a  tape,  after 

which  it  is  placed  in  a  vulcanizing  oven  and 
vulcanized.  In  the  seamless  method  the  com- 
pound is  placed  in  a  plastic  condition  around 
the  conduits  by  pressure,  while  passing  through 
a  die.  The  conductor,  c,  Fig.  1,  is  drawn 
through  a  metal  chamber  or  box,  b.  which  con- 
tains the  plastic  compound.  A  worm  gearing,  w. 
within  the  chamber,  pushes  the  compound 
toward  the  opening  or  die,  d,  in  the  end  of  the 
chamber.  The  compound  is  fed  into  b  at  the 
aperture  a.  The  chamber  is  kept  at  a  desired 
temperature  by  a  hot  water  or  steam  jacket. 
After  leaving  the  chamber  the  insulated  wire 
is  drawn  slowly  along  a  table,  through  powdered 
talc  to  prevent  sticking,  to  a  drum,  on  which  it 
is  then  taken  to  the  vulcanizing  box  or  re- 
ceptacle, unless  it  is  first  to  be  taped.  The 
taping  process  is  somewhat  analogous  to  that 
of  stranding  the  wire.  A  vertical  taping  ma- 
chine is  shown  in  Fig  2,  in  which  the  insulated 
wire  xv  is  seen  coming  through  the  floor  to 
the  guides  c  c,  in  each  of  which  there  is  a  slot 
through  which  tape  from  the  small  reels  r  r 
passes  to  and  around  the  wire.  The  wheels  on 
which  the  reels  r  r  are  carried  revolve  in  oppo- 
site directions,  this  action  laying  the  tapes  on 
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the  wire  in  reverse  spirals.  The  wire  thus 
taped  passes  to  the  "take  up"  drum  t,  thence  to 
the  reel  d.  In  the  case  of  rubber-covered  wires 
the  next  proceeding  is  to  immerse  them  in  a 
water  tank  for  12  or  24  hours,  after  which  they 


Pic.  2. —  Taping  Machine. 


are  electrically  tested  for  defects  in  the  insula- 
tion that  may  be  due  to  air-holes,  foreign  sub- 
stances in  the  insulation  or  any  other  cause. 

The  vulcanizing  process  consists  in  placing 
the  insulated  wire  in  an  oven,  where  it  is  kept 


Pig.  3. —  Paper  Covering  Machine. 


at  a  temperature  of  250"  to  300°  F.  until  the 
rubber  compound  is  brought  to  a  desired  degree 
of  hardness  and  tenacity,  the  proper  time  for 
effecting  which  is  a  matter  of  experiment  and 
varies  with  different  compounds.   Sulphur  is  the 


chief  ingredient  in  the  compound  that  brings 
about  these  results.  The  compound  usually 
enters  the  oven  a  yellowish  compound  and 
comes  out  a  dark-blue  color.  This  color  may 
be  varied  by  using  different  ingredients  in  the 


Pic.  4.—  Telephone  Cable.  Paper  Covered. 

compound,  and  in  some  cables  certain  of  the 
conductors  are  colored  by  this  means  to  act  as 
"markers,"  or  distinguishing  wires  for  testing 
purposes. 

Paper  Insulation.— The  conductors  intended 


Pre.  5  —  Telegraph  Cable, 


for  telephone  work  arc  covered  very  loosely 
with  two  layers  of  dry,  soft  paper,  laid  on 
spirally,  in  practically  the  manner  in  which 
tape  is  placed  over  the  rubber  insulated  wire. 
This  type  of  insulation  is  found  to  be  the  most 


Pig.  6.—  High  Tencion  Cable. 

satisfactory  yet  devised  for  telephone  cables,  its 
capacity  being  quite  low,  about  .080  microfarad 
per  mile  of  conductor.  The  insulation  resistance 
of  each  conductor  is  about  500,000,000  ohms  per 
mile.    The  wires  thus  insulated  are  twisted  in 


Pig.  7.—  Duplex  Cable,  Electric  Light. 

pairs  with  a  lay  of  about  three  inches,  the 
pairs  being  laid  up  in  reversed  layers  and  built 
up  into  cables  of  50.  100  and  200  pairs,  after 
which  they  are  lead  covered  as  a  protection 
against  moisture.  Paper  cables  for  electric  light 
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and  power  and  telegraph  service  are  made  up  of 
reversed  layers  of  strips  of  manila  paper  to  a 
desired  thickness  by  means  of  a  paper-covering 
machine  such  as  is  indicated  in  Fig.  3.  In 
this  figure  w  is  the  wire  moving  in  the  direc- 
tion of  the  arrow.  By  suitable  motive  power 
the  reels  r  carrying  the  paper  strips  arc  revolved 
in  opposite  directions  around  the  wire. 


Pic.  8. —  Heavy  Current  Cable. 

When  thus  covered  the  conductor  is  wound 
on  a  reel  and  placed  in  an  oven  until  all  moisture 
is  driven  out  of  the  paper.  The  reel,  with  the 
insulated  conductor,  is  then  immersed  in  a  vat 
of  boiling  oil  for  several  hours  until  the  paper 
is  thoroughly  impregnated  with  the  oil. 

Varnished  cambric  insulation  consists  of 
strips  of  varnished  and  oiled  linen  cambric, 
which  are  placed  over  the  conductor  in  as  many 
layers  as  may  be  desired,  varnish  being  applied 
between  the  layers. 

When  insulated  the  conductors  arc  ready  for 
their  lead  covering,  if  to  be  used  as  single  con- 
ductors; or  if  to  be  employed  in  cables,  they 
are  now  ready  for  cabling.  In  the  latter  case 
the  number  of  conductors  in  a  cable  will  vary 
with  the  purpose  for  which  the  cable  is  designed. 
Telephone  cables  for  underground  use  may  con- 
sist of  as  many  as  400  conductors,  which  are 
first  twisted  in  pairs  and  are  then  cabled  bv  a 
cabling  machine  virtually  similar  to  a  stranding 
machine.  For  telegraph  uses  single  conductors, 
to  the  number  desired,  arc  laid  up  spirally  in 


Pic.  o._  A  Jacketed  7,000  to  10.000  Volt  Paper  Cable. 


the  cable.  For  long  underground  telegraph 
working  a  special  type  of  cable  has  been  devised 
to  avoid  the  effects  of  static  induction  between 
conductors.  This  is  termed  a  screened  cable 
from  the  fact  that  each  conductor  after  being 
insulated  is  covered  with  a  thin  copper  ribbon 
laid  on  spirally  and  overlapping.  The  con- 
ductors thus  screened  are  cabled  in  practically 


the  usual  way.  The  copper  ribbon  over  each 
insulated  conductor  is  grounded  by  connecting 
it  with  the  lead  covering  of  the  completed 
cable.  The  static  lines  of  force  set  up  by  the 
telegraph  currents  in  the  conductor  expend  their 
energy  in  setting  up  induced  currents  in  the 
copper  ribbon  and  thus  the  conductors  proper 
are  protected  or  screened  from  the  effects  of 
parallel  static  induction. 

For  electric  light  and  power  purposes,  espe- 
cially for  high  potential  circuits,  three  conduc- 
tors in  one  cover  are  now  generally  used.  These 
conductors  are  laid  up  spirally  and  taped,  the 
spaces  between  the  conductors  being  filled  with 
jute  rope,  in  the  act  of  cabling.  In  other  in- 
stances the  three  conductors  arc  bunched  and 
a  "jacket"  of  paper  is  laid  over  them.  This 
is  termed  a  jacketed  cable  or  "split"  insulation. 
The  cable  thus  laid  up  is  then  taped  after  which 
it  is  ready  for  the  lead  covering. 

The  process  of  lead-covering  cables  is  as 
follows:  The  cable  is  drawn  through  a  die  in 
a  die-block,  and,  as  it  nasscs  through  this  die, 
hot  lead  in  a  semi-plastic  state  is  pressed  in  a 
uniform  thickness  around  the  insulating  material 
by  pressure  from  a  hydraulic  ram.  The  pres- 
sure exerted  on  the  end  of  this  ram  sometimes 
amounts  to  500  tons. 

Illustrations  of  various  types  of  underground 
cables  are  given  in  the  accompanying  figures. 
Fig.  4  represents  a  telephone  cable;  Fig.  5  a 
telegraph  cable;  Figs.  6  and  7  a  one-conductor 
and  two-conductor  cable  for  high  tension  elec- 
tric light  and  power  circuits,  respectively ; 
Fig.  8  a  low  tension,  heavy  current  cable  for 
electric  light  and  power;  Fig.  9  a  three-con- 
ductor electric  power  cable  for  10,000- volt  cir- 
cuits. In  this  cable  each  conductor  c  is  made 
up  of  a  strand  of  37  copper  wires,  each  .082  inch 
in  diameter,  p  is  the  oil-saturated  paper  or 
varnished  cambric  around  the  conductor,  .17 
inch  thick,  F  is  the  jute  filling,  j  is  the  paper 
jacket,  also  .17  inch  thick,  l  is  the  lead  cover- 
ing, .13  inch  thick.  The  lead  is  usually  alloyed 
with  2  or  3  per  cent  of  tin.  The  outside 
diameter  of  this  cable  is  2.56  inches.  The 
weight  of  each  conductor  is  4,000  pounds  per 
mile;  the  weight  of  the  lead  covering  is  about 
13  tons  per  mile. 

Rubber  and  paper  cables  arc  now  made  to 
withstand  pressures  of  25,000  volts,  and  some 
miles  of  cable  carrying  current  at  this  pressure 
are  to-day  in  operation  in  underground  con- 
duits, but  the  ordinary  operating  pressure  to-day 
is  from  say  2,000  to  11,000  volts  for  under- 
ground cables. 

Electric  Underground  Conduits. —  The 
most  obvious  method  of  placing  wires  under- 
ground'would  be  to  provide  a  tunnel  under  the 
streets,  in  which  not  only  the  electrical  con- 
ductors but  also  the  gas  and  water  pipes  of  a 
city  might  be  placed.  This  method  is,  how- 
ever, so  expensive  that  it  has  only  been  adopted 
in  two  or  three  places  in  the  world,  and  then 
for  only  comparatively  short  distances  in  very 
crowded  thorogh fares.  For  instance,  there  are 
several  such  tunnels  in  London,  England, 
namely,  the  Holborn  Street  tunnel,  about  seven 
feet  in  height  by  12  wide;  the  Queen  Victoria 
Street  subway  and  the  Victoria  Embankment 
tunnel,  seven  feet  by  nine  feet.  The  total  length 
of  these  London  tunnels  is  about  six  miles  and 
they  cost  approximately  $140,000  per  mile,  in- 
cluding ventilators,  side  passages  and  entrances. 
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In  some  of  these  tunnels,  water  and  gas  pipes, 
pneumatic  tubes  and  telephone,  telegraph  and 
electric-light  wires  have  been  placed.  In  Paris 
at  one  time  some  of  the  sewers  were  utilized 
for  the  same  purpose,  but  this  plan  was  not 
greatly  favored  and  has  .iot  been  followed  else- 
where. Tunnels  for  electrical  conductors  were 
also  built  in  Detroit.  Mich.,  the  longest  of  which 
is  about  232  feet  in  length.  It  is  six  feet  six 
inches  by  three  feet  six  inches  in  the  cross-sec- 
tion. 

Solid  Conduits. —  Another  plan  which  has 
been  utilized  for  this  purpose  is  one  in  which 
the  conductors  are  well  insulated  and  laid  di- 
rectly in  the  earth ;  or  in  which  the  conductors 
are  laid  in  notches  in  a  tube  or  duct,  by  which 
means  they  are  kept  apart.  The  tube  is  then 
filled  with  an  insulating  compound,  which,  when 
it  hardens,  holds  the  conductors  securely  in  po- 
sition. This  is  termed  a  "solid"  conduit.  One 
of  the  earliest  forms  of  solid  conduit  was  that 
used  by  Morse,  between  Washington  and  Balti- 
more. This  consisted  of  five  wires  insulated 
with  cotton  and  placed  within  a  lead  tube  which 
was  laid  directly  in  the  earth.  In  different  parts 
of  Europe,  in  the  middle  of  the  last  century 
and  afterward,  wires  were  laid  directly  in  the 
earth  without  other  covering  than  the  insulating 
material  around  them,  which  was  usually  a  bitu- 
men compound  or  gutta-percha.  Insulation  laid 
in  this  way  is  not  long  lived.  One  of  the  first 
solid  conduits  used  in  this  country  for  electric 
lighting  was  one  in  which  a  lead-covered  cable 
is  laid  directly  in  a  wooden  trough,  the  cable 
being  uncoiled  directly  from  a  cart  reel,  the  box 
being  then  filled  with  an  insulating  compound. 
To  protect  the  cable  from  injury,  a  thick  plank 
was  placed  over  the  box. 

In  many  European  cities  solid  conduits  are 
placed  under  the  sidewalks.    The  cables  C  are 


Pic.  10. —  Sirlewalk  CV>r>dtiit. 


laid  on  a  bed  of  sand,  s,  as  indicated  in  Fig.  10. 
A  galvanized  iron  wire  netting,  k,  is  placed  over 
the  sand,  separating  it  from  a  bed  of  concrete, 
N.  upon  which  the  asphalt,  a,  of  the  sidewalk  is 
laid.  The  object  in  using  the  wire  netting  is 
to  warn  workmen  of  the  presence  of  the  cables. 
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Edison  Solid  or  Iron  Tube  Conduit.—  This 
is  the  conduit  adopted  by  Edison  for  the  dis- 
tribution of  electric  current  by  the  three-wire 
system,  for  light  and  power  in  cities.  It  con- 
sists of  an  iron  tube  about  20  feet  in  length, 
into  which  the  three  conductors,  usually  copper 


Fig.  tl. —  Ediion  Junction  Box. 


rods,  separated  from  one  another  by  hemp  or 
jute  cords,  are  inserted.  An  insulating  com- 
pound is  then  forced,  under  heavy  pressure, 
into  the  tube  at  a  temperature  of  about  300"  F. 
The  copper  rods  project  about  two  inches  at 
each  end  out  of  the  tube.  The  tubes  are  laid 
end  to  end  in  the  earth,  when  the  conductors  in 
one  tube  are  connected  to  those  in  the  next  by 
a  flexible  copper  strand.  A  split  iron  box  is 
then  jointed  and  clamped  over  the  ends  of  the 
tube  and  the  box  is  then  filled  with  an  insulat- 
ing compound  through  an  openini;,  which  is 
then  closed  by  a  screw  plug.  In  this  system  no 
manholes  are  employed,  but  instead,  at  suitable 
distances,  water-tight  junction  Ikjxcs  are  used, 
into  which  the  conductors  arc  led,  as  outlined 
in  Fig.  11.  This  is  really  a  switch-box,  by 
means  of  which  the  current  from  the  "feeder" 
conductors  is  distributed  to  the  "mains"  or 
"service"  conductors.  These  boxes  arc  also 
utilized  to  break  up  the  mains  into  shorter  sec- 
tions ;  to  open  the  circuits  for  testing  and  other 
purposes. 

The  disadvantage  of  "solid"  conduits  is  that 
in  case  of  defects  in  the  cables  there  is  no  means 
of  repairing  them  short  of  tearing  up  the  streets. 
Neither  is  it  convenient  to  add  to  or  take  from 
or  to  increase  or  diminish  the  size  of  conductors 
used  in  the  "solid"  system.  These  disadvan- 
tages do  not  exist  in  the  case  of  what  is  termed 
the  "drawing  in"  conduit  system,  to  be  described 
presently. 

Bare-wire  Conduits. —  Still  another  plan 
utilized  in  some  parts  of  Europe,  and  known 
as  the  "bare  wire"  conduit,  consists  of  uninsu- 
lated, or  bare,  strips  or  rods  of  copper  placed 
in  tubes  underground  and  held  in  position  by 
insulators,  or  else  the  conduit  itself  is  com- 
posed of  an  insulating  material  and  is  protected 
from  moisture.  This  plan  is  not  in  extensive 
use. 

Drawing-in  Conduit. —  The  method  which 
is  now  most  generally  employed  in  this  country 
is  that  known  as  the  "drawing-in"  conduit.  In 
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this  system  as  many  ducts  as  may  be  necessary 
arc  laid  in  a  trench  side  by  side  and  in  layers, 
and  manholes  arc  built  at  intervals  of  200,  300 
or  400  feet  to  give  access  to  the  conduits  and 

to  afford  means  by  which  the  cables  may  be 


PlC.  12.—  Standard  Manhole. 


drawn  into  the  ducts.  In  a  "drawing  in*  con- 
duit system  the  ducts  containing  the  "feeder* 
cables  or  cables  for  arc  circuits  are  termed 
■trunk*  ducts  and  arc  usually  the  lower  tier  or 
layer  of  ducts.  The  ducts  carrying  the  distrib- 
uting cables  arc  termed  "distributing  ducts"  and 
are  placed  at  the  top.  So-called  "hand-holes" 
are  laid  flush  with  the  surface  of  the  street 
every  40  or  50  feet  to  give  access  to  the  distrib- 
uting ducts  and  cables  for  electric  light  and 
power  service.  One  type  of  manhole  is  shown 
in  Fig  12.  This  is  a  brick  manhole;  others  are 
made  of  concrete.  The  hand  pump  shown  is 
used  to  provide  fresh  air  where  gas  is  prevalent 
in  the  streets.  The  size  of  the  manholes  and 
number  of  ducts  varies  with  the  requirements 
of  a  given  locality.  Some  manholes  are  from 
4  to  5  feet  square;  others  arc  12  to  15  feet  deep 
and  6  to  8  feet  wide.  The  number  of  ducts  in 
a  conduit  may  ranpe  from  2  to  3  ducts  to  200 
or  300  ducts;  the  larger  number  usually  being 
near  the  power-house  or  the  telephone  or  tele- 
graph headquarters.  The  manholes  and  hand- 
holes  are  provided  with  double  iron  covers. 
Some  of  the  covers  arc  designed  to  make  the 
manholes  air-  and  water-tight;  other  covers  arc 
perforated  to  ventilate  the  conduits,  to  pre- 
vent the  accumulation  of  gas  from  adjacent  gas- 
mains,  which  occasionally  causes  explosions  in 
the  subways.   The  respective  conductors  in  the 


cables  are  joined  together  by  twisting  or  by 
copper  sleeves,  in  the  manholes;  the  conductors 
being  separated  from  one  another  by  insulating 
material.  A  lead  sleeve  is  then  placed  over  the 
joints  and  soldered  to  the  main  cable.  A  hot 
insulating  substance,  as  wax  or  paraffin,  is 
poured  into  the  sleeve  through  a  small  hole  in 
the  sleeve,  the  holes  being  soldered  thereafter. 
For  telegraph  and  telephone  distribution,  pipes 
arc  run  from  the  manholes  into  the  vaults  of 
an  adjacent  building,  from  which  point  the 
wires  arc  led  to  the  subscribers'  offices  in  the 
block. 

The  cables  are  drawn  into  the  ducts  by 
means  of  a  rope  and  windlass;  they  are  usually 
too  heavy  to  be  drawn  by  hand.  Electric  mo- 
tors carried  on  wagons  arc  also  used  to  draw  in 
the  cables,  the  current  for  the  motor  being  sup- 
plied by  a  storage  battery,  an  adjacent  power 
wire  or  a  portable  gas  engine.  In  order  to  get 
the  rope  through  the  duct,  a  wire  is  sometimes 
placed  in  the  duct  as  it  is  laid.  More  frequently, 
however,  the  ducts  are  rodded  by  means  of  a 
stiff  steel  wire,  or  by  means  of  screw  and  socket 
rods,  similar  to  those  used  by  chimney  sweeps, 
one  rod  being  screwed  into  its  predecessor, 
which  is  then  pushed  along  the  duct  until  the 
distant  manhole  is  reached,  when  a  rope  is  at- 
tached to  one  end  of  the  rods  and  drawn 
through  the  duct. 

For  the  ducts  used  in  the  drawing-in  sys- 
tem different  material  and  varying  lengths  of 
pipe  or  tube  arc  employed.  At  one  time, 
wrought-iron  pipe,  3  inches  in  diameter  and  20 
feet  in  length,  joined  together  by  thread  coup- 
lings and  laid  in  hydraulic  cement,  was  exten- 
sively used  in  this  country.  About  5,000,000  feet 
of  such  pipe  were  laid  and  are  still  in  service, 
but  in  recent  years  earthenware,  terra-cotta  or 
vitrified  brick,  stone  and  cement-lined  pipe  are 
mostly  employed.  The  iron  pipe  and  cement- 
lined  ducts  are  round,  about  three  inches  in  di- 
ameter. Many  of  the  holes  in  the  vitrified 
brick  ducts  are  square,  with  an  opening  of 
about  three  inches.  Fig.  13  illustrates  a  section 
of  cement-lined  pipe  under  construction.  These 
tubes  are  of  riveted  sheet  wrought  iron  and 
lined  with  five-eighths  of  an  inch  of  pure  ce- 
ment. The  tubes  are  six  to  seven  feet  long  and 
two  to  three  inches  in  diameter,  as  required.  A 
large  quantity  of  these  tubes  arc  in  use  in  this 
country  and  Great  Britain. 


Pto.  13. —  Cement-lined  Conduit. 


In  Fig.  14  is  shown  a  12-duct  vitrified  clay 
conduit  entering  a  manhole.  Conduits  of  this 
type  are  made  in  blocks  or  two.  three,  four  and 
six  ducts.  The  four-  and  six-duct  blocks  are 
six  feet  long;  the  two-  and  three-duct  blocks 
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are  three  feet  in  length.  These  blocks  are  laid  in 
cement,  end  to  end,  and  arc  held  in  position  rela- 
tive to  one  another  by  dowel  pins.  The  walls 
of  these  blocks  are  five-eighth*  of  an  inch 
thick  A  wrapping  of  wet  muslin  is  laid  around 
each  joint  and  over  the  muslin  cement  mortar 
is  placed.  Earthenware  conduits  are  also  made 
in  single  ducts,  18  inches  in  length. 

Wood  pipe  conduits  consisting  of  wooden 
tubes  which  have  been  especially  prepared  to 
withstand  decay  are  used  quite  largely.  The 
single  tubes  are  about  eight  feet  in  length  and 
have  socket  joints.  The  tubes  are  laid  in  the 
trench  in  tiers,  the  lower  tier  resting  on  plank- 
ing. In  the  various  types  of  underground  con- 
duits mentioned  and  others  the  ducts  are 
•broken*  to  add  strength  to  the  structure.  Care 
is  taken  in  laying  these  ducts  to  exclude  cement, 
stones  or  any  other  obstacle  that  would  ob- 
struct or  injure  the  cables  in  the  'drawing  in* 
process. 


In  the  case  of  conduits  for  electric  traction, 
the  ducts  arc  laid  at  the  side  of  the  tracks, 
underground,  and  wide  manholes  arc  provided 
at  street  intersections.  For  the  "feeders1*  and 
other  cables  of  the  New  York  subways,  conduits 
are  laid  in  the  wall  of  the  structure  and  access 
is  given  by  openings  in  the  wall  at  suitable  in- 
tervals. 

It  is  well  known  that  frequent  interruptions 
to  overhead  telegraph  and  telephone  lines  are 
occasioned  by  severe  win4  snow  and  sleet 
storms  in  this  country  and  Europe,  and  in  con- 
sequence  the  question  of  placing  all  such  wires 
in  underground  conduits  has  frequently  been 
raised.  The  great  cost  of  such  an  undertaking, 
however,  together  with  the  fact  that  the  speed 
of  telephoning  and  telegraphing  would  be 
greatly  diminished,  owing  to  the  increased 
electro-static  capacity  of  the'cablcs  as  compared 
with  overhead  lines,  combined  with  other  elec- 
trical obstacles,  has  been  prohibitory  of  the  at- 
tempt to  carry  out  such  a  plan  in  this  country 
on  a  large  scale.  In  Great  Britain  an  emer- 
gency underground  cable  system  has  been  laid 
between  Birmingham,  London  and  Edin- 
burgh. For  this  purpose  an  iron  pipe  contain- 
ing a  76-conductor  telegraph  cable,  with  open- 
ings at  certain  intervals-  to  give  access  to  the 
cable,  is  employed.  In  the  United  States  long 
stretches  of  underground  telephone  cahles  have 
been  constructed,  notably  between  New  York, 
Philadelphia  and  Washington,  D.  C.  The  suc- 
cessful _  operation  of  underground  telephone 
(metallic)  circuits  at  such  distances  has  been 
made  possible  by  the  use  of  the  Pupin  induct- 
ance coils  placed  at  certain  intervals  along  the 
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circuit  and  by  the  use  of  the  audion  telephone 
repeater. 

William  Maves,  Jr., 
Ex-Electrician,   Consolidated    Telegraph  and 
Electrical  Subway  Co.,  New  York. 

ELECTRIC  VEGETABLE  GARDEN- 
ING, Experiments  carried  on  at  the  govern- 
ment agricultural  station  at  Amherst,  Mass., 
since  1910,  show  that  the  use  of  electricity  by 
the  farmer  is  a  distinct  and  valuable  stimulus 
to  nature  and  exerU  a  marked  iufiuence  upon 
the  germination  of  seeds  and  the  growth  of 
farm  products.  Scientists  argue  that  roaming 
around  loose  in  the  atmosphere  there  is  a  vast 
fund  of  electrical  force,  which,  by  means  of 
specially  devised  apparatus,  can  be  attracted  to 
the  earth  and  distributed  through  the  ground 
where  the  gardener  has  sown  his  seeds.  The 
apparatus  by  means  of  which  the  electricity  is 
caught  and  harnessed  has  been  tested  at  Am- 
herst and  has  proved  to  be  a  complete  success. 
Briefly  described  it  consists  of  a  number  of 
copper  spikes  which  are  elevated  at  the  top  of  a 
50-foot  metallic  pole.  These  spikes  gather  the 
electric  fluid  from  the  atmosphere  and  convey 
it  to  the  foot  of  the  pole,  where  it  is  caught 
by  wires  buried  a  few  feet  beneath  the  ground 
and  distributed  over  as  large  a  section  as  the 
gardener  desires.  Each  of  the  poles  will  gather 
and  distribute  enough  electricity  to  cover  sev- 
eral acres  of  ground.  With  this  apparatus  ex- 
periments have  been  made  which  may  be  sum- 
marized as  follows:  After  seeds  have  been 
subjected  to  the  electric  treatment  for  a  period  of 
24  hours,  it  was  found  that  over  30  per  cent  more 
seeds  were  germinated  by  the  aid  of  electricity 
than  in  a  like  quantity  of  seeds  sown  in  ground 
that  lacked  the  electrical  stimulant.  As  the 
scientists  in  charge  of  the  experiments  wished 
to  make  a  very  complete  test,  the  electric  cur- 
rent was  applied  to  seeds  that  were  allowed  to 
stay  in  the  ground  for  48  hours.  In  this  case 
it  was  found  that  20  per  cent  more  seeds  had 
germinated  in  the  electrified  ground  than  in  the 
soil  where  the  seeds  had  been  left  to  sprout 
under  normal  conditions,  and  in  72  hours  this 
percentage  had  dropped  to  6,  thus  showing 
that  the  use  of  the  current  for  the  purpose  of 
stimulating  germination  under  all  the  tests  was 
a  decided  success. 

In  the  various  tests  seeds  subjected  to  only 
a  temporary  current  of  electricity  have  been 
found  to  show  the  effect  for  a  few  hours  and 
then  resume  their  normal  growth.  In  one  in- 
stance, to  produce  a  constantly  beneficial  effect 
it  was  necessary  to  apply  the  electricity  every 
hour  to  germinate  growing  plants  or  seeds. 

Another  interesting  experiment,  made  in 
1902,  was  planting  in  two  sections  of  ground, 
the  soil  in  both  of  which  had  been  carefully  se- 
lected to  ensure  it  being  exactly  alike,  seeds  of 
the  following  vegetables :  parsnip,  lettuce,  carrot, 
turnip,  radish  and  onion.  To  one  of  the  sec- 
tions of  ground  a  mild  current  of  electricity 
was  applied.  The  following  day  the  plants  in 
the  electrified  plot  began  to  appear,  the  turnips 
sprouting  first.  The  rapidity  of  growth  of  those 
planted  in  the  electrically  treated  ground  was 
far  in  advance  of  those  treated  in  the  ordinary 
ground.  The  second  day  plants  broke  through 
the  surface  in  both  plots,  those  in  the  electric 
garden  showing  considerably  the  more  rapid 
growth;  the  foliage  was  rank  and  when  har- 
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vested  was  nearly  twice  as  high  as  that  of  the 

non-electric  plot.  The  roots  also  were  larger 
and  showed  a  marked  difference  in  favor  of 
electricity.  One  peculiarity  was  that  in  the  elec- 
tric plot  for  every  pound  of  roots  very  nearly 
a  pound  of  tops  was  produced,  while  in  the  other 
case  for  every  pound  of  tops  there  grew  1.43 
pounds  of  root,  but  the  difference  in  the  total 
was  all  in  favor  of  electricity.  With  reference 
to  the  other  vegetables,  the  lettuce  proved  a 
failure  in  both  plots.  The  carrots  showed  a 
marked  superiority  in  the  electric  bed  over 
those  in  the  non-electric.  The  onion  plants 
came  up  in  both  beds  and  grew  finely  for  a  time, 
then  blasted  and  not  one  developed,  neither 
electric  nor  non-electric 

Besides  the  electric  treatment  of  the  soil,  ex- 
periments have  been  made  with  the  electric  light 
for  stimulating  the  growth  of  plants  and  the 
general  effect  has  been  to  hasten  the  maturity  of 
lettuce,  spinach  and  similar  products.  It  has 
been  found  that  the  electric  light  has  the  stimu- 
lating effect  of  daylight  upon  the  plants  and 
crops  thus  encouraged  by  light  from  arc  lamps 
have  showed  50  to  60  per  cent  increase.  In 
short  it  has  been  clearly  demonstrated  that  by 
means  of  electricity  nature  can  be  forced  to  do 
double  duty  without  lessening  the  worth  of  her 
products.    Sec  Electroculture  of  Plants. 

ELECTRIC  VEHICLES.  The  first  vehi- 
cles operated  by  electric  power  from  a  storage 
battery  appeared  in  1892,  but  they  failed  to 
attract  the  attention  of  the  general  public  until 
1900,  when  the  very  superior  performance  of 
the  electric  carriage  in  a  winter  parade  in  the 
city  of  Cleveland,  Ohio,  gave  them  immediate 
prominence.  The  chain-drive  models  appeared 
in  1904,  and  continued  to  be  the  prevailing  type 
until  1908,  when  the  shaft-drive  for  the  smaller 
vehicles  was  adopted.  Up  to  that  time  electric 
vehicles  were  equipped  with  pneumatic  tires. 
By  1912,  however,  solid  rubber  tires  had  been 
generally  substituted  and  the  battery  had  been 
enlarged  to  40  cells.  These  two  changes  were 
the  cause  of  a  great  improvement  in  the 
quality  of  the  metal  used  in  constructing  the 
electric  car,  in  order  that  the  jars  of  the  road 
might  be  completely  absorbed  and  the  additional 
weight  safely  carried.  The  result  has  been  that 
the  electric  vehicle  is  the  highest  class  of  all 
self-propelled  cars. 

For  city  use  and  for  the  short  haul,  the 
electric  possesses  many  advantages  over  steam 
and  gasoline  vehicles,  the  most  considerable 
being  its  simplicity  of  construction.  There  are 
only  three  parts  to  the  mechanism :  the  battery, 
the  motor  and  the  controller  —  no  gears,  no 
clutch  and  no  engine  as  in  the  gasoline  and 
steam  driven  cars.  The  motor  is  an  engine  of 
the  rotary  type,  delivering  a  continuous  torque 
at  any  desired  speed  up  to  25  miles  per  hour, 
without  the  crude  and  bulky  mechanism  which 
controls  the  two  or  three  speeds  between  which 
choice  must  be  made  with  the  gasoline  car. 
Moreover  the  operation  is  noiseless.  There  arc 
no  nauseous  odors  of  gasoline  and  burnt  oil, 
and  there  is  no  danger  from  fire.  The  car  can 
be  started  instantly  and  surely  by  simply  throw- 
ing a  switch  and  there  are  no  jerks  or  jolts  in 
either  starting  or  stopping  abruptly.  No 
chauffeur  is  needed,  the  car  practically  taking 
care  of  itself  and  seldom  needing  any  repairs 
or  expert  attention.    The  great  drawbacks  are 


two  — the  weight  of  the  storage  battery  which 
supplies  the  current  and  the  limited  radios  of 
operation  from  a  single  charging  of  the  batter)-, 
about  30  to  35  miles.  In  some  European  vehi- 
cles the  radius  of  travel  is  as  high  as  60  miles, 
the  weight  of  the  battery  being  doubled.  The 
usual  type  of  battery  constitutes  about  one- 
third  of  the  weight  of  the  car  and  costs  about 
$350.  The  lead  battery  is  good  for  10,000 
miles  and  then  has  to  be  replaced  with  a  new 
one.  The  Edison  battery  costs  a  good  deal 
more,  but  is  guaranteed  for  four  years,  during 
which  a  car  may  easily  make  60,000  miles,  so 
that  while  the  Edison  battery  costs  more  to  in- 
stall it  is  very  much  more  economical  in  the 
long  run.  The  average  consumption  of  energy 
is  about  100  watt-hours  per  ton  mile. 

But  it  is  not  as  the  passenger  or  pleasure 
car  that  the  electric  vehicle  demonstrates  its 
greatest  utility.  This  lies  rather  in  the  com- 
mercial world,  where  the  small  truck  of  mode- 
rate capacity  is  widely  in  use,  in  as  many  as 
124  lines  of  trade.  As  taxicabs  in  cities  where 
the  speed  limit  is  15  miles  per  hour,  the  elec- 
tric excels,  showing  almost  no  delay's  for 
derangement  of  machinery,  no  tire  trouble, 
great  elasticity  in  movement  in  crowded  thor- 
oughfares, no  repair  account  and  the  cheapest 
motive  power.  The  last-named  feature  has  be- 
come still  more  marked  as  the  cost  of  gasoline 
goes  up  and  the  cost  of  electric  current  is  con- 
tinually diminishing.  An  electric  taxicab  on 
trial  in  Detroit  made  the  remarkable  record  of 
12,000  miles  in  one  year  without  any  repair 
whatever.  Another  field  in  which  the  elec- 
tric has  made  good  is  as  the  light  delivery 
wagon,  especially  for  the  large  department 
stores.  For  this  use  the  slow-speed  type  of 
motor  is  in  favor,  running  about  800  to  900 
revolutions  per  minute,  at  80  volts  and  28 
amperes,  4  pole  scries  type,  unsaturated.  The 
winding  is  arranged  for  cither  60  or  80  volts 
on  larger  trucks,  to  be  used  with  a60-cell  Edison 
or  42-ccll  lead  battery,  respectively.  These 
motors  run  without  attention  except  an  oc- 
casional renewing  of  the  brushes  and  lubrica- 
tion, for  from  eight  months  to  a  year.  The 
control  most  generally  in  use  is  the  horizontal 
lever,  and  there  is  a  motor  brake  besides  an 
efficient  foot  brake.  The  standard  battery 
equipment  is  42  cells  of  15  plates  each  for  the 
lead  type,  or  60  Edison  cells  of  the  G-7  type. 
For  the  establishment  which  runs  its  own 
electric  plant  the  matter  of  charging  the  bat- 
teries becomes  merely  a  matter  of  adjustment 
to  the  other  work  of  the  plant.  In  several 
cities  the  battery  rental  plan  has  proved  popu- 
lar with  owners  of  electric  vehicles.  The  cars 
can  be  bought  without  the  battery  and  this 
be  supplied  at  a  stated  rate  per  month,  the 
battery  being  charged  as  often  as  exhausted. 
The  cost  of  such  service  is  not  excessive,  being 
about  half  the  initial  cost  of  a  new  battery, 
and  there  arc  no  delays  while  the  battery  is 
being  charged  —  the  exhausted  battery  being 
lifted  out  and  the  fresh  one  put  in  its  place. 

The  electric  type,  however,  is  not  limited  to 
the  lighter  service,  as  five-ton  trucks  are  oper- 
ated successfully  in  the  transportation  of  coal, 
ice,  flour,  sugar,  lumber,  beer,  etc.  Fire  engines 
to  run  at  a  speed  of  25  miles  per  hour  arc  in  use 
in  some  cities,  a  particularly  effective  ladder 
truck  being  able  to  divert  its  motive  power  to 
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raising  a  90-foot  ladder,  which  is  accomplished 
in  10  seconds.  In  several  of  the  larger  cities 
the  Post-Oftice  Department  uses  two-ton  electric 
trucks  to  move  mail  in  bulk,  there  being 
20  of  these  in  New  York  alone.  For  motive 
power  for  baggage  and  freight  trucks  in 
railroad  terminals  and  on  docks,  electricity  has 
been  proved  highly  efficient.  These  little  vehi- 
cles have  a  speed  of  seven  to  eight  miles 
per  hour  when  empty,  and  five  to  six 
miles  per  hour  when  loaded  and  cost 
to  run  about  one  cent  per  mile.  Other 
adaptations  of  the  electric  vehicle  are  the  truck 
crane  for  loading  and  unloading  and  moving 
materials  in  foundries  and  other  manufactories 
of  heavy  products  and  in  workshops  and  their 
yards,  as  road  machines  and  road  tractors,  as 
warehouse  trucks  for  moving  goods  and  deliver- 
ing them  to  gangways,  as  mine  locomotives  and 
in  place  of  hand  trucks  in  loading  and  unload- 
ing vessels. 

One  of  the  incidental  advantages  of  the 
electric  vehicle  is  the  very  considerable  saving 
in  insurance  costs,  both  for  the  vehicle  itself 
and  for  the  premises  in  which  it  is  stored. 

In  1916  there  were  40  concerns  engaged  in 
building  electric  vehicles  and  the  number  in  use  in 
the  United  States  was  estimated  at  above  60,000. 

ELECTRIC  WAVES,  a  motion  or  dis- 
turbance of  the  ether  or  medium  in  which  elec- 
tricity manifests  itself  and  appears  to  move,  of 
a  character  similar  to  light  waves,  of  varying 
length,  according  to  the  nature  of  the  dis- 
charge but  with  a  velocity  similar  to  that  of 
light  The  wave  theory  was  early  held  by 
(Jerk  Maxwell,  Lord  Kelvin  and  others,  but 
was  first  demonstrated  by  Hcinrich  Rudolph 
Hertz  (q.v.),  who  began  experimenting  about 
1883.  He  discovered  that  electric  waves  would 
produce  a  slight  sparking  between  metals  when 
very  nearly  tn  contact.  About  1887  he  ex- 
hibited a  special  form  of  condenser,  which  be 
termed  a  radiator,  but  which  would  now  be 
called  an  oscillator,  as  it  discharges  across  a 
spark  gap  with  oscillations.  In  connection  with 
this  he  employed  what  he  termed  a  resonator, 
but  which  would  now  be  styled  a  wave-detec- 
tor. By  radiating  electricity  at  different  oscil- 
lations and  detecting  the  waves  at  certain  har- 
monious distances,  while  demonstrating  their 
non-appearance  at  intermediate  points,  Hertz 
proved  the  theory  of  wave  action  and  that 
electricity  travels  in  the  same  way  as  light,  and 
paved  the  way  for  the  later  invention  of  wire- 
less transmission.  Hertz  also  reflected  and  re- 
fracted and  polarized  the  waves,  thoroughly 
demonstrating  their  action  under  the  same  laws 
as  light  waves.  For  a  time  the  waves  were 
referred  to  as  Hertzian  waves  in  honor  of  his 
contribution  to  science.  The  study  of  the  waves 
was  at  once  taken  up  by  numerous  students  of 
electrical  phenomena,  and  Lodge,  Kelvin,  Poln- 
care  and  others  made  investigations  which  In- 
creased knowledge  of  the  subject.  Bose  de- 
signed an  instrument  for  producing  very  short 
electrical  waves  so  they  should  be  more  easily 
studied.  Later  Brady  of  Paris  devised  an  im- 
roved  form  of  detector,  and  E.  Rutherford 
rought  out  a  magnetic  detector.  These  were 
outclassed  later  by  William  Marconi's  coherer, 
and  that  has  yielded  place  to  still  more  accurate 
detectors  now  used  in  radiography.  See  Tele- 
graphy, Wireless. 


ELECTRIC  WELDING.  The  heat  of  an 
electric  arc  may  be  employed  in  fusing  or 
welding  metals,  or  the  heat  given  out  in  the 
body  of  metal  acting  as  a  resistance  to  the 
passage  of  a  heavy  current,  without  any  arc 
or  spark,  may  effect  that  result.  The  arc 
method  appears  to  have  been  first  employed 
by  De  Mentens  in  1881.  In  this  instance  leaden 
pieces  designed  to  be  united  in  the  form  of 
storage  battery  plates  were  arranged  together 
as  an  extended  positive  electrode,  and  an  arc 
was  drawn  between  them  and  a  negative  carbon 
rod  manipulated  by  means  of  an  operating 
handle.  Part  of  the  heat  energy  of  the  arc 
served  to  melt  the  lead  and  cause  union  of  the 
adjacent  pieces,  but  much  the  larger  proportion 
of  the  energy  escaped  by  radiation  and  convec- 
tion. The  electric  arc  was  thus  akin  to  a  gas 
blowpipe  as  commonly  used  in  lead-burning  in 
the  construction  of  tanks  for  the  chemical  in- 
dustries. Following  De  Meritens,  heating  by 
electric  arcs  has  been  applied  to  the  fusing 
and  welding  of  metals,  notably  of  iron  and  steel, 
by  Bernardos  and  Olszewski,  Coffin  and  others. 
Wh  en,  as  in  the  Bernardos  and  Olszewski 
method,  the  carbon  electrode  is  made  positive  to 
the  work,  carbon  is  transported  through  the  arc 
and  is  likely  to  enter  the  metal  undergoing  the 
process,  which  constitutes  the  negative  pole. 
This  addition  of  carbon  may  render  iron  or 
steel  hard  and  unworkable,  and  cause  cracks  to 
be  formed  during  the  cooling  of  the  fused  mass 
at  the  joint  or  filling.  By  the  employment,  in- 
stead of  carbon,  of  an  electrode  of  the  same 
metal  as  that  of  the  work,  Slavienoff  overcame 
this  difficulty.  The  gradual  melting  of  the 
metal  electrode  furnishes  metal  for  forming 
joints,  or  for  repairing  or  supplementing  cast- 
ings which  are  defective;  such  as  those  which 
are  incomplete  or  contain  blowholes.  More 
recently  the  work  is  made  the  positive  pole  and 
this  results  in  a  greater  proportion  of  the 
energy  than  formerly  being  expended  in  heating 
the  metal  undergoing  the  operation.  Inasmuch 
as  the  conditions  of  energy  supply  for  sus- 
taining the  arc  are  but  little  different  from 
those  often  found  in  the  commercial  operation 
of  arc  lamps  from  constant  potential  mains, 
arc  welding  may  often  be  practised  by  connec- 
tions made  to  such  mains.  A  choking  or  steady- 
ing resistance  is  put  in  series  with  the  fusing 
arc  in  a  branch  from  direct  current  lines  at  a 
potential  difference  of  200  volts  or  thereabout. 
With  work  such  as  that  to  which  the  Bernardos 
and  Olszewski  method  has  been  found  to  be 
applicable,  the  current  in  the  arc  may  vary 
from  150  amperes  up  to  500  or  more.  The 
potential  across  the  arc  itself  will  generally 
be  from  100  to  150  volts.  With  the  metal  elec- 
trode used  by  Slavienoff  the  current  needed 
will  be  greater  and  the  arc  potential  less  than 
the  above  amounts.  It  appears  that  in  certain 
cases  the  current  may  even  surpass  4,000  am- 
peres. 

While  a  moderate  application  of  these  arc 
processes  for  fusing  and  welding  iron  and  steel 
has  been  made,  the  range  of  operations  to  which 
they  are  suited  is  somewhat  limited  and  their 
success  depends  largely  upon  the  skill  of  the 
workman.  He  must  protect  not  only  his  eye- 
sight from  the  glare  of  the  large  arc,  but  also 
the  surface  of  his  bodv,  and  must  avoid  the  irri- 
tating vapors  which  arise  from  the  flame. 
At  the  same  time  vigorous  ventilation  cannot 
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be  employed,  for  motion  of  the  air  tends  to  dis- 
turb the  arc  and  render  the  work  more  difficult. 
A  large  proportion  of  the  energy  is  radiated  or 
carried  off  in  the  hot  gases  from  the  arc.  To 
these  energy  losses  must  be  added  that  due  to 
the  use  of  the  steadying  resistance  for  obtaining 
stability  in  the  current  of  the  arc.  On  the  other 
hand  the  appliances  needed  for  arc  fusing  or 
welding  arc  simple  and  the  source  of  current 
energy  often  conveniently  found  in  existing  elec- 
tric circuits.  One  of  its  most  recent  uses  has 
been  in  adding  metal  to  rail  surfaces  where 
worn  at  the  joints,  particularly  street  railway 
rails  in  situ.  A  considerable  extension  of  the 
use  of  arc  welding  has  recently  taken  place, 
owing  to  improvements  in  materials  and  meth- 
ods and  to  increasing  demand  for  its  use  in 
original  construction  and  repair  work. 

Werdermann,  in  1874,  proposed  to  deflect  an 
electric  arc  formed  between  the  usual  carbons  by 
a  jet  of  air,  forming  thereby  an  electric  blow- 
pipe. More  recently  Zercncr  has  in  a  similar 
way  employed  an  arc  deflected  by  a  magnet  as  a 
sort  of  blowpipe  for  welding  iron.  In  addition, 
the  curious  electric  heating  action  first  published 
by  Hoho  and  Lagrange  has  been  proposed  for 
welding  metals.  If  a  negative  electrode  of  a 
direct  current  circuit  having  a  potential  of  100 
to  150  volts  is  of  small  surface  relatively  to 
that  of  the  positive  electrode  when  both  are  im- 
mersed in  a  liquid  bath,  such  as  a  solution  of 
potassium  or  sodium  carbonate,  the  surface  of 
such  negative  electrode,  where  immersed,  glows 
with  light,  gas  bubbles  arise  from  it,  and  the 
electrode  itself  heats  rapidly  in  spite  of  its  im- 
mersion in  cold  liquid.  A  bar  of  iron  used  as 
the  negative  electrode  may  thus  be  brought  to 
incandescence  and  removed  for  welding,  or  it 
may  even  be  melted  under  the  liquid  of  the  bath. 
The  loss  of  heat  in  such  a  liquid  heating  process 
is  necessarily  somewhat  great. 

The  Thomson  process  of  electric  welding, 
which  differs  radically  from  the  arc  heating 
operations  above  described,  was  first  announced 
in  1886.  It  has  since  gone  into  extensive  com- 
mercial use.  No  electric  arc  is  employed,  but 
the  heat  which  effects  the  welding  is  solely  due 
to  the  resistance  of  those  parts  of  the  metal 
pieces  at  the  contact  where  they  are  to  be 
welded  together.  This  resistance  is,  of  course, 
extremely  low,  and  the  delivery  of  sufficient 
energy  for  heating  and  welding  is  the  result 
of  the  passage  of  relatively  enormous  currents. 
Their  potential  is  only  two  or  three  volts,  more 
or  less.  The  metal  pieces  to  be  welded  together 
are  held  respectively  in  massive  clamps  or  vises 
of  highly  conducting  metal  such  as  copper,  with 
a  slight  portion  only  of  each  piece  projecting  to 
form  the  joint.  These  projections  of  the  pieces 
are  brought  together  in  firm  contact,  for  which 
purpose  at  least  one  of  the  clamps  is  made  mov- 
able toward  and  from  the  other,  both  of  them 
being  mounted  on  a  firm  support.  The  pieces 
having  been  adjusted  to  meet  in  correct  relation 
for  the  subsequent  formation  of  the  weld  uniting 
them,  an  electric  current  sufficient  in  amount  to 
heat  the  meeting  portions  of  the  pieces  to  the 
temperature  at  which  they  soften  and  unite,  is 
passed  from  clamp  to  clamp,  thus  traversing 
the  joint  and  the  short  projecting  portions  of 
the  pieces  between  the  clamps.  So  heavy  is  the 
current  at  command  that  a  solid  bar  without 
break  spanning  the  space  between  the  clamps 
could  be  heated  and  melted    The  completion  of 


the  weld  after  heating  is  effected  by  pressure 
exerted  to  force  one  clamp  toward  the  other, 
which  results  in  a  slight  upsetting  or  extrusion 
of  metal  at  the  weld  called  a  burr.  For  copper 
a  pressure  of  about  600  pounds  per  square  inch 
of  section  is  usual,  while  with  iron  it  is  1,200  and 
with  tool  steel  1,800  pounds  or  more.  Nearly 
all  of  the  metals,  even  those  like  antimony  and 
bismuth  which  are  brittle  and  crystalline,  may  be 
united  by  this  process,  and  many  different  metals 
and  alloys  joined  one  to  another.  In  some  cases 
as  with  high  carbon  steels,  a  flux  such  as  glass 
of  borax,  is  employed  to  facilitate  union  at  tem- 
peratures not  high  enough  to  burn  or  destroy  the 
texture  of  the  metal.  Mild  steel  and  iron  welds 
are  usually  made,  as  in  ordinary  forges,  at  weld- 
ing heat,  or  that  which  melts  or  fluxes  the  or- 
dinary black  oxide  scale  upon  the  metal.  The 
heavy  welding  currents  cannot  be  conveyed 
without  great  loss  to  distances  of  even  a  few 
feet  unless  conductors  of  prohibitive  section 
and  cost  be  used.  The  welding  clamps  are  in 
practice  carried  directly  upon  the  secondary 
terminals  of  a  special  welding  transformer.  The 
Thomson  welding  transformer  is  a  construc- 
tion like  a  lighting  transformer  in  which  the 
usual  secondary  circuit  of  numerous  turns  is 
replaced  by  a  very  massive  conductor  constitut- 
ing ordinarily  onlv  a  single  turn  around  the  iron 
magnetic  core.  The  primary  or  inducing  cir- 
cuit is  similar  to  that  of  the  ordinary  trans- 
former for  alternating  current  and  it  is  sup- 
plied from  alternating  current  dynamos  or  lines 
as  usual  in  such  work.  It  will  be  seen  that  the 
secondary  conductor  is  unique  in  character,  be- 
ing often  a  bar  or  casting  of  many  square  inches 
of  section  of  copper  of  short  length.  The  circuit 
of  this  single  turn  secondary  is  completed  only 
by  the  meeting  ends  of  the  work  pieces  in  the 
clamps.  It  will  thus  be  evident  that  the  chief 
resistance  or  opposition  to  the  flow  of  the  low 
voltage  current  in  the  single  secondary  turn 
will  be  at  the  proposed  joint  or  weld  between 
the  clamps.  Here  it  is  then  that  the  trans- 
formed energy  is  for  the  most  part  i  ?iven  out 
as  heat,  the  section  of  metal  which  can  be 
welded  depending  upon  the  scale  of  the  appara- 
tus used  and  the  energy  of  the  primary  source 
which  is  available.  The  welding  transformer 
has  found  convenient  application  in  the  heating 
of  metal  pieces  for  forging,  bending,  shaping, 
brazing  or  the  like,  in  addition  to  welding,  ft 
has  also  in  the  Lcmp  process  been  divested  of 
its  welding  clamps  and  applied  to  the  local 
annealing  of  the  hardened  face  of  armor  plates, 
so  as  to  facilitate  drilling  and  tapping,  or  cut- 
ting into  desired  shapes.  The  welds  made  by 
the  Thomson  process  are  usually  butt  welds, 
though  lap  welds  are  also  made  with  almost 
equal  facility.  In  butt  welding  there  is  of  course 
an  upset,  burr,  or  extrusion  of  metal  at  the 
joint.  In  many  cases  this  is  not  removed,  and 
it  renders  the  joint  stronger  than  other  adjacent 
sections.  Oftentimes  the  joint  is  pressed  or 
forged  while  still  hot  so  as  to  remove  the  burr 
at  the  joint.  In  other  cases  the  joint  is  fin- 
ished by  filing  or  grinding.  The  welding  clamps 
are  modified  in  form  and  disposition  to  suit 
the  shape  and  size  of  the  pieces  to  be  held,  and 
the  pressure  used  to  effect  the  weld  is  either 
manually  applied  by  levers  or  is  obtained  from 
a  strained  spring,  or  again,  in  large  work,  by 
hydraulic  means  under  control  by  suitable 
valves.   The  heating  effects  of  the  electric  cur- 
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rent  are  so  perfectly  adjusted  by  regulating  ap- 
pliances that  most  of  the  metals  formerly  re- 
garded as  unweldable,  yield  good  results  with 
the  process.   Even  leaden  pieces,  such  for  ex- 
ample, as  sections  of  lead  pipe,  may  be  joined 
together  with  great  ease.    The  operation  of 
the  electric  welder  is  characterized  by  uni- 
formity, rapidity,  flexibility,  cleanliness,  neat- 
ness, accuracy  and  economy.      It  has  found 
extensive  application  to  repetition  work;  single 
machines  making  sometimes  as  many  as  2,000 
welds  per  day  of  10  hours.    It  is  used  widely 
in  the  wagon  and  carriage  industry  for  tires, 
axles,  bands,  fifth  wheels,  etc,,  and  for  wire 
bands  for  affixing  rubber  tires  to  wheels.  Many 
parts  of  bicycles  and  automobiles  are  built  up. 
by  electric  welding.   In  the  construction  of  tools 
and  parts  of  machinery  and  particularly  in  the 
wire  industry  it  plays  an  important  part.  An- 
other important  held  is  in  the  welding  of  wire 
or  strip  into  hoops  or  bands  for  barrels,  tubs, 
pails,  etc.    Machines  are  in  operation  producing 
electrically  welded  wire  fencing,  in  which  the 
wires  which  in  the  fence  are  horizontal  are 
welded  to  verticals  at  intervals,  the  action  some- 
what resembling  that  of  a  loom.   In  joining  pipe 
into  continuous  lengths  or  coils,  and  also  in 
welding  in  situ  street  railway  rails  into  a  con- 
tinuous track  the  electric  weld  possesses  a  spe- 
cial adaptability.    An  interesting  application  of 
the  electric  welder  is  found  in  the  production 
of  steel  tubing  by  the  progressive  welding  of  a 
longitudinal  seam.  A  long  strip  of  fiat  sheet  or 
ship  is  rolled  up  so  as  to  cause  the  lateral 
edges  to  meet.   It  then  passes  between  welding 
rolls    whereby    the    heating    current  locally 
traverses  the  meeting  edges  and  welds  them. 
The  operation  is  progressive  from  one  end  of 
the  pipe  to  the  other  as  it  is  fed  through  the 
machine.     The  result  is  a  pipe  of  uniform 
diameter  with  walls  of  even  thickness,  having 
a  delicate  bead  along  one  side  where  the  weld 
has  been  made.    This  bead  is  removed  if  the 
pipe  be  subsequently  mandrel  drawn  with  a  re- 
duction of  its  diameter.    In  the  earlier  electric 
welders  the  operations  of  clamping  the  pieces  in 
place,  applying  and  cutting  off  the  electric  cur- 
rent and  exerting  mechanical  pressure,  were 
usually  manually  controlled.    Machines  more  or 
less  automatic  are  now  frequently  employed. 
In  recent  types  adapted  for  rapid  repetition  of 
work  upon  identical  pieces,  the  action  is  en- 
tirely automatic;  the  machine  runs  continuously 
and  its  sequence  of  actions  is  definitely  deter- 
mined by  its  construction.    These  machines  are 
power  driven,  movements  being  imparted  for 
clamping  the  pieces  as  they  arc  fed  to  the  ma- 
chine, for  closing  the  current  switch,  for  exert- 
ing pressure  to  complete  the  weld,  for  cutting  off 
the  current  and  for  releasing  the  pieces  from 
the  clamps  after  the  operation.    In  wire  fence 
and  chain  machines  the  stock  is  itself  fed  auto- 
matically and  the  welding  continued  until  the 
machine  is  stopped  or  the  material  exhausted. 
The  energy  required  to  effect  electric  welds 
naturally  varies  with  the  size  of  the  pieces  and 
with  the  material.    It  also  depends  upon  the 
time  consumed  in  the  work,  which  time  may  be 
made  shorter  or  longer  even  with  exactly  simi- 
lar pieces.  The  following  table  gives  the  results 
of  some  tests  made  upon  different  sections  of 
iron,  mild  steel,  brass  and  copper  in  the  form 
of  bars.   The  figures  arc  only  approximate  and 
would  vary  considerably  if  the  welds  had  been 


made  in  times  different  from  those  given.  In 
general,  working  at  a  greater  rapidity  would 
lessen  the  total  power  used  but  require  larger 
apparatus  for  the  increased  output  required  dur- 
ing the  welding: 


ENERGY  USED  IN  ELECTRIC  WELDING  BY  THE  THOM- 
SON PROCESS. 


Section. 
Ofj.  in. 

Kilowatts 
in  primary 
of  welder 

I  ITT1C 

in 
seconds 

"■Vital  trilrv. 

watt  sec- 
onds 

0.5 

8  5 

>xo  s 

1. 

16  7 

45 

751.5 

1.5 

23.5 

55 

1292  5 

Iron  and  Steel 

2 

29. 

65 

1885 

2  5 

34 

70 

2380. 

J 

39 

78 

3042. 

3  5 

44 

85 

3740 

4. 

50. 

90 

4500. 

0.25 

7.5 

17 

127.5 

.5 

13  5 

22 

297. 

.75 

19 

29 

551. 

1 

25. 

33 

825. 

1  25 

31. 

38 

1178 

1  SO 

36. 

42 

1512 

1  75 

40 

45 

1800 

2  00 

44. 

48 

2112. 

125 

6. 

8 

48. 

.25 

14. 

11 

154. 

375 

10. 

13 

247. 

.5 

.625 

25. 
Si 

16 
l  j* 

400 

558 

.75 

36.5 

21 

766  5 

875 

43 

22 

946. 

1.00 

49 

23 

1127. 

One  of  the  recent  and  most  important  devel- 
opments of  electric  welding  by  the  Thomson 
process  is  known  as  "Spot"  welding,  and  is 
particularly  applicable  to  the  union  of  sheet 
metal  overlapped.  The  process  is  known  as 
the  Harmatta  method,  and  is  an  effective  sub- 
stitute for  riveting  with  the  advantage  of  leav- 
ing the  metal  sheets  united  in  spots  but  without 
rivet  heads  or  other  deformation  projecting. 
The  surfaces  of  the  sheets  may,  in  fact,  be  left 
smooth  or  with  only  slight  indentations.  To 
accomplish  this  result  the  two  sheets  to  be 
aspot-wcldcd*  arc  placed  one  against  the  other 
and,  as  it  were,  pinched  together  between  two 
heavy  points  or  electrodes  from  a  welding  trans- 
former secondary  circuit.  These  electrodes  be- 
ing placed  opposite  each  other  press  the  sheets 
together  at  any  desired  spot,  the  current  is  then 
sent  tfirough  them,  when  the  sheets,  where  they 
arc  in  contact,  instantly  attain  the  welding  heat 
and  the  joint  is  effected  in  a  spot  with  unwcldcd 
metal  around  it,  as  in  riveting.  The  electrodes 
used  usually  have  at  their  ends  the  form  of 
truncated  cones;  that  is,  they  narrow  toward 
the  work,  in  this  way  concentrating  the  current 
flow  at  the  limited  spot  to  be  welded.  On  cut- 
ting off  the  current  after  a  weld  is  made  and 
releasing  the  pressure  of  the  electrodes  on  the 
sheets,  they  may  be  moved  to  a  new  position, 
another  spot  weld  effected,  and  so  on  until  as 
many  are  made  as  desired. 

Projection  welding  is  a  modification  of  spot 
welding  in  which  the  sheet  metal  pieces  are 
first  given  small  projections  by  stamping  or 
otherwise.  In  other  cases  small  pieces  of  metal 
are  placed  between  the  sheets  at  spots  where 
the  weld  is  to  occur.  Then  the  whole  is  pressed 
between  the  current  carrying  electrodes  which 
mav  now  be  of  such  spread  as  to  cover  a  num- 
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her  of  such  projections  or  spots  at  once,  all 
being  welded  simultaneously.  Spot  welding  in 
its  various  forms  finds  a  large  and  rapidly 
extending  application*,  particularly  to  sheet  steel 
structures,  such  as  steel  car  bodies,  automobile 
bodies,  metal  containers,  etc.  It  has  become  the 
general  method  of  uniting  stamped  metal  pieces 
which  subsequently  arc  to  be  enameled.  For- 
merly, for  example,  handles  were  riveted  to 
sauce  pans  before  enameling  and  >he  rivets  were 
plainly  to  be  seen  under  the  enamel.  By  spot 
electric  welding  the  union  is  effected  without 
visible  change  in  the  metal  surfaces  and  the 
covering  of  enamel  is  in  consequence  uninter- 
rupted and  without  projections. 

The  process  is  capable  of  further  great  ex- 
tensions in  its  application  to  the  union  of  over- 
lapped sheets  or  plates.  Riveted  joints,  always 
more  or  less  unsightly  and  often  disadvan- 
tageous to  construction  by  taking  up  room  and 
giving  an  irregular  surface,  can  often  be  abol- 
ished and  the  spot  weld  substituted  therefor 
with  benefit.  Besides  its  advantage  of  leaving 
a  smooth  surface,  it  effects  a  great  saving  of 
time  and  economizes  material.  As  in  the  case 
of  electric  welding  generally,  the  spot  weld 
gives  rise  to  new  modes  of  construction  of 
metal  objects  and  greatly  assists  the  substitu- 
tion of  pressed  steel  for  castings  or  forgings. 

Elihu  Thomson. 

ELECTRIC  WIRELESS  TELEGRAPH. 

See  Dr.FoRF.ST  Wireless  Telegraph  System; 
Marconi  ;  Telegraphy  ;  Telegraphy,  Wireless. 

ELECTRICAL  ALARM,  or  THER- 
MOSTAT, an  instrument  arranged  to  give  an 
alarm  or  announcement  when  the  temperature 
in  its  vicinity  reaches  a  pre-dctermincd  degree. 
(See  EuEcnuc  Signaling,  Automatic  Fire 
Alarm  Signals).  Thermostats  are  also  employed 
to  automatically  maintain  a  given  temperature 
by  opening  and  closing  drafts,  through  the 
medium  of  electro-magnetically  operated  de- 
vices. Thermostats  are  operated  on  open  or 
closed  circuits,  as  desired.  There  are  electro- 
pneumatic  and  mercurial  thermostats  which 
operate  by  expansion  of  a  gas  or  mercury,  re- 
spectively. 

ELECTRICAL  DIAPASON,  a  tuning 
fork  the  vibration  of  which  is  maintained  by 
means  of  elect ro-magnetism  virtually  on  the 
principle  of  the  electric  door-bell.  (Sec  Electric 
Signaling).  This  instrument,  provided  vyhh  a 
resonator,  was  employed  by  Hclmholtz  in  his 
notable  experiments  on  the  composition  of 
sounds. 

ELECTRICAL    ENDOSMOSIS.  See 

Osmosis 

ELECTRICAL  ENGINEERING.  Elec- 
trical engineering  is  probably  the  youngest  of 
all  the  professions,  for  it  has  hardly  been  recog- 
nized as  a  regular  profession  for  more  than  15 
years  past.  As  a  result,  the  men  who  have 
reached  prominence  in  it  to-day  have  attained 
their  positions  from  widely  different  courses  of 
preliminary  training;  many  of  them  are  men 
who  started  life  in  other  lines  of  work  and 
afterward  turned  to  electrical  pursuits  on  ac- 
count of  the  sudden  growth  and  importance  of 
the  business-  In  consequence  of  this,  all  meth- 
ods of  preliminary  education  are  represented 


and  their  relative  values  can  be  estimated.  The 
argument  runs  largely  between  two  classes  of 
men  — one  represented  by  the  so-called  'prac- 
tical man*  and  the  other  by  the  theoretical 
electrician ;  the  graduate  of  the  machine  shop 
and  the  graduate  of  the  university.  Both  of 
these  types  have  attained  success,  but  the  cor- 
rect answer  to  the  argument  will  probably  be 
found  in  a  proper  combination  of  the  two  types. 
In  the  past  some  of  the  most  successful  elec- 
trical engineers  have  belonged  distinctly  to  the 
class  of  practical  men  with  little  theoretical 
training,  but  the  conditions  have  changed.  In 
the  early  days  of  the  profession,  there  was 
little  theory  or  predetermination  of  results  and 
work  was  carried  on  largely  by  guesswork  or  by 
cut  and  dry  approximations.  At  the  present  time, 
however,  such  a  state  of  development  has  been 
reached  that  exactness  of  result  is  essential  to 
success  and  work  based  upon  exact  theory  be- 
comes imperative.  In  a  stationary  condition  of 
an  art  a  man  with  practical  experience  only 
may  become  very  familiar  with  all  the  existing 
types  of  apparatus  and,  knowing  their  various 
applications,  may  qualify,  to  an  extent,  as  an 
engineer.  But  the  extraordinarily  rapid  growth 
of  the  electrical  arts  places  electrical  engineer- 
ing apart  from  all  the  other  engineering 
branches,  for  new  discoveries  and  theories 
make  radical  changes  from  year  to  year  in  the 
construction  and  operation  of  electrical  ma- 
chinery. The  engineer  whose  education  is  based 
only  upon  practical  experience  cannot  keep  up 
with  the  progress  and  change  resulting  from  it, 
and  falls  behind;  whereas,  the  man  with  knowl- 
edge of  the  theory,  and  a  mind  trained  by  the 
theoretical  studies  and  scientific  reasoning, 
easily  grasps  the  theory  of  the  change  and  re- 
adjusts his  mind  to  the  new  without  difficulty 
or  delay.  Many  instances  can  be  cited  of  men 
who  have  been  prominent  as  electrical  engineers, 
who  have  been  dropped  out  of  place  in  the 
course  of  the  rapid  progress  which  has  been 
made,  on  account  of  a  lack  of  theoretical 
foundation  in  their  knowledge.  Those  who 
have  retained  their  positions  throughout  the 
growth  of  the  art  have  done  so  by  persistent 
study  along  theoretical  lines. 

In  its  present  state  electrical  engineering  is 
the  most  scientific  of  all  engineering  profes- 
sions. A  man  must  he  to  a  great  extent  a 
physicist,  a  chemist  and  a  mathematician,  as 
well  as  be  familiar  with  machinery  and  its  de- 
sign, in  order  to  be  a  worker  in  the  broadest 
field.  Many  of  the  problems  connected  with 
other  branches  of  engineering  can  be  solved  by 
common  sense  and  by  one's  sense  of  proportion 
as  guided  by  experience  and  by  the  eye.  But 
most  of  the  problems  in  electricity  are  invisible, 
so  to  speak,  and  can  be  understood  only  through 
their  expression  in  the  form  of  symbols. 
Probably  no  one  will  dispute  to-day  that  the 
preliminary  education  of  an  electrical  engineer 
demands  a  special  training  in  those  theoretical 
branches,  mathematics,  physics,  chemistry  and 
mechanics,  sufficient  to  train  his  mind  into  ac- 
curate methods  of  thought  and  reasoning  and 
to  supply  him  with  the  actual  technical  informa- 
tion which  he  will  need  in  the  practice  of  his 
profession.  But  theory  alone  is  not  all  The 
human  mind  is  such  that  it  works  with  difficulty 
in  pure  theory  without  a  series  of  mental 
pictures  to  fix  and  co-ordinate  the  ideas,  and 
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the  study  of  theory  is  likely  to  make  little  last- 
ing impression  unless  the  physical  meaning  of 
the  theory  is  brought  out  by  constant  associa- 
tion with  actual  apparatus  which  demonstrates 
the  application  of  the  physical  law.  The  best 
course  of  training  for  an  electrical  engineer 
would  seem  to  be  a  broad  course  of  education 
in  general  subjects  at  the  preparatory  school 
before  entering  college,  with  practical  work,  if 
possible,  along  lines  of  simple  mechanics,  such 
as  carpentry,  in  order  to  train  the  mind  into  a 
sense  of  proportion  and  the  relations  of  parts, 
which  is  the  basis  of  all  engineering.  Next,  a 
college  course  with  general  subjects  the  first 
year,  and  afterward,  for  the  remaining  years  of 
the  course,  those  general  and  theoretical  sub- 
jects which  have  a  direct  bearing  upon  the  prac- 
tice of  the  electrical  profession,  such  as  mathe- 
matics, mechanics,  physics,  chemistry,  theoreti- 
cal electricity,  and  magnetism  and  thermo- 
dynamics. This  should  be  supplemented  by 
actual  daily  practical  work  with  machinery 
operating  by  the  principles  covered  by  the 
theory  studied  and  demonstrating  all  the  phe- 
nomena incident  to  the  theory.  After  gradua- 
tion an  apprentice  course  should  be  pursued  in 
«ome  large  electrical  manufacturing  establish- 
ment where  the  commercial  relations  of  the 
knowledge  acquired  in  college  can  be  clearly  set 
forth.  Large  machines  can  be  operated  which 
are  not  available  at  a  college  and  experience  in 
the  installation  of  large  plants  can  be  obtained, 
and  experience  gained  in  the  designing  depart- 
ments where  all  kinds  of  commercial  apparatus 
are  laid  out. 

After  a  few  years  of  this  training  specializa- 
tion may  begin  along  the  lines  selected  for  the 
life  work  but  preferably  not  before.  A  man 
makes  a  mistake  to  consider  himself  a  qualified 
electrical  engineer  after  he  has  been  graduated 
from  college,  for  he  is  not  one.  His  mind  has 
ken  trained  into  a  condition  where  he  can 
readily  absorb  the  principles  of  the  electrical 
profession,  but  that  is  all,  and  the  subsequent 
apprentice  training  is  as  important  as  the  col- 
lege course,  in  order  to  acquire  the  broad  view- 
point from  which  to  make  the  correct  start  in 
the  direction  in  which  a  man  is  best  fitted.  It 
perhaps  means  a  smaller  income  the  year  after 
graduation  from  college,  but  it  means  much 
more  at  the  end  of  five  years.  But  theory  and 
practice  are  not  the  only  elements  necessary  for 
the  successful  engineer.  There  arc  many  qual- 
ities required  in  common  with  other  profes- 
sions ;  executive  ability,  business  knowledge, 
presence  of  mind  and  ability  to  handle  men; 
nerve  and  resourcefulness  in  handling 
machinery  in  times  of  emergency,  are  all  neces- 
sary to  the  successful  engineer.  These  elements 
cannot  be  acquired  in  the  study  of  theory  and 
practice  alone,  and  many  men  who  have  stood 
high  in  their  college  courses  have  failed  after- 
ward in  the  practice  of  their  profession  because 
of  a  lack  of  these  qualities.  The  study  of 
chemistry  becomes  more  and  more  important  as 
the  profession  advances,  for  the  branch  of 
electro-chemistry  is  rapidly  developing  and  is 
likely  to  become  one  of  the  largest  fields  in  the 
application  of  electrical  science.  And  almost 
above  all  comes  a  training  in  the  English  lan- 
guage. No  man  who  cannot  express  himself 
clearly  and  concisely  in  writing  or  in  conversa- 
tion can  hope  to  attain  a  prominent  position  in 


his  profession.  The  education  of  an  electrical 
engineer,  however,  must  never  be  considered 
as  completed.  The  art  advances  so  rapidly  that 
constant  study  is  necessary,  even  to  keep  up 
with  the  progress  of  the  times.  But  an  elec- 
trical engineer  should  be  willing  to  do  more 
than  this.  He  should  study  to  keep  ahead  of 
progress  and  do  his  share  toward  the  instruc- 
tion of  others. 

H.  W.  Buck, 
Consulting  Electrical  Engineer,  New  York. 

ELECTRICAL  MANUFACTURING 
INDUSTRY.  The  conditions  as  to  the  elec- 
trical manufacturing  industries  in  the  United 
States  are  fairly  well  revealed  in  the  sta- 
tistics of  the  Bureau  of  the  United  States 
Census  for  1914,  giving  the  latest  authentic 
figures  available,  although  these  can  be 
supplemented  by  later  data  in  various  ways 
that  bring  the  information  up  to  1917  and  that 
illustrate  the  swift  and  enormous  expansion  of 
the  various  electrical  arts  and  applications. 
Electrical  applications  divide  themselves  into 
two  large  groups.  One  of  these  comprises  the 
production  of  apparatus;  and  the  other,  many 
times  larger,  embraces  the  utilization  of  the 
apparatus  chiefly  through  the  agency  of  what 
are  known  as  'public  utilities'  such  as  teleg- 
raphy, telephony,  electric  lighting  and  power 
supply  and  electric  traction.  One  group  of  in- 
dustries manufactures  operating  materials;  the 
other  group  manufactures  "service.1'  In  the 
United  States,  as  sharply  contrasted  with 
Europe,  these  agencies  are  in  the  hands  of 
private  capital  to  an  overwhelming  degree,  and 
the  comparative  figures  of  efficiency,  economy 
and  earning  power  arc  equally  on  the  side  of 
individual  initiative  and  enterprise. 

As  to  the  production  of  electrical  machinery, 
apparatus  and  supplies,  the  data  arc  given  here- 
with for  1914,  when  the  total  output  for  1121 
establishments  was  placed  at  a  value  of  $359,- 
412,676,  against  which  may  be  placed  the  fact 
that  in  1916,  three  concerns  billed  a  total  sales 
of  not  less  than  $305,000,000.  The  very  lowest 
estimate  for  1917  is  $600,000,000  and  in  view  of 
the  enhanced  cost  of  raw  material  it  would  not 
be  surprising  if  it  ran  in  excess  of  that  amount. 
These  figures  are  revelatory  of  many  new  con- 
ditions governing  the  electrical  arts,  such  as 
the  change  from  steam  engines  to  steam  tur- 
bines in  the  generation  of  electrical  energy,  the 
increased  use  of  water  power,  the  invasion  of 
electricity  into  many  new  fields  of  supply,  in- 
dustrial, commercial  and  domestic;  the  greater 
use  of  the  electric  motor;  the  advance  of  elec- 
tric heating;  the  supersession  of  the  arc  light 
by  the  larger  incandescent ;  the  complete  con- 
quest of  the  incandescent  lighting  field  by  the 
tungsten  filament  lamp ;  the  irresistible  intrusion 
of  the  electric  locomotive,  not  only  into  steam 
railway  terminals  but  into  the  operation  of 
long  stretches  of  main  line,  where  cheap  water 
power  is  available  for  the  generation  of  cur- 
rent. 

It  will  be  noted  that  dynamos  have  greatly 
increased  in  size,  and  have  fallen  off  in  value, 
owing  to  this  fact.  In  the  early  days  of  the  elcc- 
tric-hght  and  power  industry  it  was  customary 
to  employ  high  speed,  single  valve  automatic 
steam  engines  for  driving  belted  generators,  as 
the  best  regulation  of  speed  could  be  obtained 
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with  engines  of  that  type,  for  in 
lighting,  'lhc  steam  economy  of  those  engines 
was  usually  as  low  as  a  consumption  of 
40  pounds  of  steam  per  one  horse  power 
per  hour.  The  mechanical  efficiency  was 
rarely  as  great  as  85  per  cent  and  the 
electrical  efficiency  of  the  generators  was 
rarely  75  per  cent.  Corliss  type  engines  were 
used  for  arc  light  circuits  where  the  load 
was  uniform  and  close  regulation  was  not  so 
essential.  Their  economy  rarely  exceeded  30 
pounds  of  water  per  one  horse  power.  For 
incandescent  lighting  there  was  an  average  con- 
sumption of  at  least  10^5  pounds  of  coal  per 
kilowatt  hour  and  for  arc  lighting  8  pounds 
of  coal  per  kilowatt  hour.  This  compares  with 
lhc  present  Intcrborough  Rapid  Transit  50,000 
kilowatt  steam  turbo  generators  requiring  as 
little  as  one  and  one-half  pounds  of  coal  per 
kilowatt  hour;  while  it  is  understood  that  the 
Connell  Creek  station  of  the  Detroit  Edison 
Company  has  an  economy  even  superior  to  that. 
There  is  a  60,000  k.  v.  a.  triple  steam  turbine 
under  construction  for  the  Intcrborough  sys- 
tem, which  will  have  an  actual  capacity  of 
70,000  k.  v.  a.  and  is  expected  to  have  an 
economy  of  11  pounds  of  steam  per  kilowatt 
hour.  The  increase  in  the  size  and  economy 
of  hydro-electric  generating  units  is  equally 
notable.  The  largest  water  turbines  for  elec- 
trical service  are  the  three  single  runner  units 
installed  in  the  plant  of  the  Tallassee  Power 
Company  on  the  Yadkin  River,  North  Carolina, 
with  a  guaranteed  rating  of  31,000  horse  power 
under  an  effective  head  of  180  feet,  and  27.000 
horse  power  under  165  feet  at  154  r.  p.  m.  The 
turbine  runner  weighs  20,000  pounds,  is  a  single 
piece  of  solid  bronze  and  is  probably  the  largest 
casting  of  its  kind  ever  made. 

It  is  to  be  understood,  however,  that  the 
manufacture  and  production  of  electrical  ap- 
paratus  and  material  is  but  a  small  part  of  the 
electrical  industry  as  a  whole.  The  total 
capitalization  is  placed  as  high  as  $12,000,000,- 
000,  the  gross  sales  and  earnings  arc  rated  at 
above  $2,500,000,000,  and  the  number  of  persons 
employed  at  more  than  1.000,000.  The  ac- 
companying figures  were  published  during  1916 
which  while  based  on  earlier  data  can  be  shown 
to  be  in  many  resoects  far  short  of  the  actual- 
ity. A  conservative  estimate  for  the  total 
service  and  output  value  of  electricity  in  1917 


candescent     made  and 


by  the  writer  is  as  follows: 


ELECTRICITY  IN  UNITED  STATES,  1917 


Central  stations . 
Electric  traction . 
Telephony  


Telegraphy. 
Isolated  pL&nta 
Electrical  man 
Nl  itw  1  lane*  'u> 


  $550,000,003 

  BOO. 000. 000 

  425.000.000 

  17S. 000,000 

  150.000.000 

  600.000.000 

  125.000.000 

Total  ^$2.825.000.000 

As  to  the  production  of  apparatus  alone, 
three  concerns  reported  a  total  around  $300,- 
000,000,  and  one  concern  reported  at  the  end 
of  1917  orders  on  hand  to  the  value  of  $240,- 
000,000.  The  increase  is  by  no  means  wholly 
in  output  but  must  take  into  consideration  the 
increase  in  prices  as  exhibited  in  the  following 
table  which,  while  applying  principally  to  elec- 
tric street  railway  material,  is  pertinent  in  many 
to  the  electrical  field  as  a  whole: 


1914-16  PER  CENT  INCREASE  IN  PRICE  IN 
TWO  YEARS, 


Matbii\l 


Tin 

Lead.. 

Spelter 
Alloy  metals. 
Lumber .  . 
Leather. . . 
Rubber.. 
Cotton .  . . 
Glass  . 
Varnish . . . 
Paint 

Fibre  

Rnttan.  . . 
Paper .... 
Dry  colors 
Linseed  oil 
Gears  and 


Approxi- 
mate per 
cent  in- 
crease in 
present 
price  as 
compared 
with  price 
of  two 


system. 


Overhead 

cars  .  

Track  and  shops  

Bahhitt.  solder,  cable*  and  over- 
head    

Babbitt,  solder,  cables  and  over- 
head  

All  galvanized  material   

Tool  steel,  special  work  

Poles,  tics  and  shop  work  

Belting.  .  

Belting,  hose,  insulation  

Pabrics.  insulation,  waste  

Windows    

Car  work  

Car*,  buildings  and  pole  line  

Insulation .   

Seats  and  sweepers  .   

Stationery  and  printed  matter 

General  paint  shop  work  

Shop  work,  buildings  and  pole  line. 

Motors  and  air-brake  equipment. 


220 
300 

110 

2'0 

200 
200  to  800 

125 

125 
110  to  125 
130  to  ISO 

125 

135 

125 

133, 
120  to  200 
150  to  250 

400 

250 

125 


ESTIMATE  OP  ELECTRICAL  INDUSTRIES  OP  THE  UNITED  STATES  1916. 


capitalization 

Central  electric  stations   $1.01*. 000. 000 

Is  .later!  electric  stations     1.519.300.000 

Street  and  electric  railways  —  power  peneration.  distribution 

and  application   2,681 .K00. 000 

Street  and  electric  railways  —  railway  operation   2.6SI , XOO , 000 

Electrified  di-.isions  of  steam  railroads    204.700.000 

Telephone      1.262.760.000 

Telegraph  (land  and  ocean)   231 .600,000 

Electric  machinery,  anparatus  and  supplies  (including  electric 

products  of  other  industries)     469.100.000 

Electrical  dealers  and  contractors   15.000.080 

Electrical  jobbers   25.000.000 


Peraons 

employed 
104.000 
52,000 

165.000 
165.000 

15.000 
237.000 

44.000 

185.000 
50  .  000 
6.000 


$12,129,660,000  1,023.000 


Annual  earnings 
or  sales 

$403  300.000 
201 .600. 000 

350.500.000 
350. 500. COO 

30. 300. COO 
329.  VOt).  0W 

75.300.000 

303. 300.000 
I2O.000.0O0 
SO. 000.000 

$2,324. 700.000 


Bureau  of  the  Ceiunts     A  mtnparisnti 


In  general,  mett  of  the  esrimVes  are  ba«e  I  >t*vin  returns  of  the  Unite!  S'ates  Bureau  of  the  Ceiunt* 
the  estimates  indifferent  sections  of  the  in  luttry  on  isolated  electric  stations  made  it 
that  the  total*  for  this  branch  are  o<i*-'ialf  of  those  for  central  sts'ions. 

Statistics  for  the  electrifiei  milea  ;e  of  steim  rulroads  arc  ba«e  1  upon  the  We"  r  -aila'  le  fl;ures  of  miles  of  track  to 
which  were  applied  the  approximate  average*  of  electrio  and  sicam  railroad  statistics.    Tha  very  costly 
not  taken  into  i 
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1  Operators  Reading  at  the  Testing  Tables,  General  Electric  Works.  Schenectady,  N.  Y. 

2  Dynamo  Electric  Machinery  Under  Test,  in  the  Testing  Department,  General  Electric  Works, 
•   Schenectady,  N.  V. 
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ELECTRICAL  MANUFACTURING  INDUSTRY 


IN  UNITED  STATES  OP  ELECTRICAL  MACHINERY,  APPARATUS  AND  SUPPLIES  • 
COMPARATIVE  STATISTICS:    1914  AND  1909 


1914  > 


190SI  ' 


Total 


for  direct  connection  to  steam 


Number 

Value.   

All  other,  including 
turbine*  — 

Number  

Kilowatt  capacity 
Value  

Alternating  current,  including  generators  fur  direct  connection  to 
steam  turbines  — 

Number  

Kilowatt  capacity .  . 

Value  

Dynamo  tors,  motor-generator*,  boosters,  rotary  converters,  double- 
current  generator*,  etc. — 

Number  

Kilowatt  capacity .  .   

Value  

Part*  and  supphe*  


value. 


Under  50  kilowatts  — 

Number  

Kilowatt  capacity 
Value  

50  to  500  kilowatts  — 

Number  

Kilowatt  capacity 
Value   

500  kilowatts  and  over  — 

Number  

Kibwatt  i 
V»luc 


Rheostats,  resistance*,  controller*,  motor-starting  and  speed-controlling 
device*,  feeler-potential  regulators,  and  reactances  

Generator- voltage  regulator*.  .  

Rectifying  apparatus  (including  rotating  commutators,  electric  valves, 
mercury  rectifier*  and  vibrating  commutators)  

Switchboard*,  panel  boards  and  cutout  cabinet*  for  light  and  power  .... 


:  for  industrial 

Number   

H^rse  power  

Value  

Alternating  current  for 
Number ........ 

Horse  power  ..... 

Value  

Por  automobiles  — » 

Number  

Hone  power  

Value  

For  fan*  

Por  miscellaneous  uses  . 
Motor  parts  and  supplies 


and  railways  — 


Batteries,  part*  and  supplies,  value  . 

Storage  — 

V»lue  of  batteries  

Weight  of  plate*,  pounds.  . 

Value  of  parts  and  supplies 
Primary  — 

Liquid  and  testing  — 


Value. 
Dry- 

Number  

Value  

Value  of  parts  and  supplies 


1.121 


J. 151 


—2  6 


$159,412,676 


$240,037,479 


49  7 


$23,233,437 


306.545 
$5,933,273 


9.633 
221.221 
$2,967,465 


2.512 
1,188.005 
$7,437,445 


8.393 
780.009 
$5,367,895 
$1,527,359 

$13,120,065 


110.177 
762.707 
$7,316,615 

4.857 
544.443 
$2,625,414 

1.337.644 
$3,178,036 


$9,543,224 
$245,154 

$147,965 
$8,989,111 

$44,176,235 


133.492 
980.820 
$13,316,489 

284.500 
1.901.975 
$18,969,660 

11.880 
36.858 
$1,351,442 
$4,835,850 
$1,190,564 
$4,512,230 

$23,402,455 


Carbon*  (including 


$10,615,150 
41.079.047 
$2,465,814 


306.351 
$802. 52S 

71,092,438 
$8,719,164 
$799,802 

$3,602,741 


$17,231,804 


34  8 


13.882 
414.222 
$4,710,524 


2.909 
991.728 
$8,370,524 


2.291 
295.079 
$3,154,733 
$996,023 

$8,801,019 


72.776 
577.408 
$4,184,832 


3.953 
1.058.021 
$4,616,187 


•$2,674,963 

$5,971,804 
$32,087,482 


257.223 
2.410.369 
$24,604,938 


2.796 
12.471 
$294,152 
$2,450,739 
$1,942,874 
$2,794,779 

$10,612,470 


$4,243,984 
23.119.331 
#434.225 


344,650 
$729,513 

33.988.881 
$4,583,082 
$621,666 

$1,934,864 


—13  6 
19  8 
—11.1 


266  3 
164  3 

70  2 
53  3 

49  I 


51.4 
32.1 
74.8 


43  3 

77.9 
2S.7 


*  •  »  » 

50  5 
37.7 


62.5 
19.6 
31.2 


97  3 
—38  7 
61.5 

120  5 


150  1 
77  7 
467.9 


—11.1 
10.1 

109.2 
90  2 
28  7 

86  2 
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PRODUCTION  IN  UNITED  STATES  OF  ELECTRICAL  MACHINERY.  APPARATUS  AND  SUPPLIES  — 
COMPARATIVE  STATISTICS:    1914  AND  1 909 — Concluded 


Arc  lamps: 

With  luminous  or  metallic  i 

Number  :  

Value  

With  flame  arcs. — 

Number  

Value  

With  carbon  arcs  — 

Number  

Value  

Searchlights,  projectors  and  focusing  tamps  

Incandescent  lamps,  value  

Tungsten  — 

Number  

Vahie  

Carbon  filament  — 

Number  

Value  

Gem,  vacuum  and  vapor,  nitrogen,  tinner  and  tantalum   . 

Decorative  and  miniature  tamps.  X-ray  bulbs,  vacuum  tubes,  etc 

Sockets,  receptacles,  btscs,  etc  

Electric  lighting  fixtures  •  


Telegraph  apparatus,  value  

Intelligence  (key,  sounder,  etc.)  

Police,  fire,  district,  etc  

Wireless  apparatus  

Switchboards  and  telegraph  parts  and  supplies 

Telephone  apparatus,  value  

Substation  instruments  — 

Central  battery,  value  , 

Magneto,  value  

Interior  systems  — 

Number  

Value  

Central  switchboards  — 
Manual  — 

(Antral  battery,  value  

Magneto,  value  

Automatic    

Private  branch  exchange  switchboards  — 

Number  

Value  

Parts  and  supplies  

Electric  heating  apparatus,  value  

Air  heaters,  including  those  for  cars  

Cooking  device*  —  ■ 

Stoves  and  ranges  

Miscellaneous  cooking  devices  

Plat  irons   

We'ding  apparatus  (nnt  including  the  motor-generator  set) 

Electric  measuring  instruments,  value  


... 


Station  apparatus  

Testing  and  scientific  

Meters  for  consumers'  circuits . 


Eleetne  locomotives,  mine  atxl  railway: 

Number  ".  

Value  

Electrical  therapeutic  apparatus  

Magneto-ignition  apparatus,  sparks,  onus.  etc. 
Electric  switches,  signals  and  attachments. . .  . 

Annunciators   '.  iji.  HV.iii. 

Electric  clocks  and  time  mechanisms  

Insulated  wire  and  cables  '  

Electric  conduits  (underground  and  interior) . . 

I4ghtning  arresters  

Puses 


Circuit  Sitings  of  all  kinds   ... 

All  other  electrical  machinery,  apparatus  and  supplies 
All  other  products,  including  amount  received  for  custom  work  and  re- 


1914' 


22.846 
$441,992 

4.631 
$153,433 

7.635 
*  Mo. 717 
$2.081 ,545 

$17,350,385 


74.434.059 
$11,886,354 

14.092.055 
$1,397,572 
$2,363,730 
$1,702,729 


512.609 
383,955 


$2,248,375 


$201,956 
$1,253,954 
$672,575 
$119,890 

$22,815,640 


$3,916,869 
$1,799,834 

62.258 
$510,509 


$10,701,764 
$374,851 
$1,002,722 

3.693 
$448,203 
$4,060,888 

$4,034,436 


$352,617 

$671,413 
f I. 327. 183 
$1 .466.620 

$216,603 

$8,786,506 


pairing. 


$1 .585.500 
$1 .073.060 
$6,127,946 


MM 

$3,720,914 
$2,653,098 

$22,260,847 
$6..193.5S1 
263.806 
$410,774 

$69,505,573 
$4,874,709 
$1,188,773 
$1,757,430 
$2,067,683 

$27,276,294 

$23.623.244 


19«H 


123.985 
$1,706,959 


$935,874 
$15,714,809 


11.738.619 
$6,241,133 

55.038.378 
$6,157,066 
$2,715,991 
$600,619 

$4,521,729 
$2,200,668 

$1,957,432 


$197,669 
$1 ,126.658 
$448,262 
$184,843 

$14,259,357 


$10,137,534 


2.252 
$369,915 
$3,751,908 

$1,954,112 


$919,533 

$951,074 
$83,505 

$7,800,010 


$1 ,639,202 
$546,970 
$5,613,838 


W 

$1,107,858 
$6,092,343 
$5,377,843 
$235,567 
$352,513 
$51,624,737 
$5,098,264 
$940,171 
$1,001,719 
$1,080,287 
$18,995,176 

$17.765.645 


I  Includes  for  1914.  number  and  output  of  91  establishments  engaged  primarily  in  other  lines  of  industry,  hut  which 
manufactured  electrical  machinery,  apparatus  and  supplies  valued  at  $24,261,961;  and  for  1909  number  and  output  of 
142  similar  establishments  which  made  electrical  machinery,  apparatus  and  supplies  to  the  value  of  $18,728,916. 


»  A  minus  sign  ( — )  denote*  decrease. 

•  Rhe-istsU  and  resistances  only. 

*  Figures  not  available. 

*  Includes  a  considerable  number  of  starting  motors  for  gasoline  automobiles,  not  separately  reported  as  such. 

•  Not  including  futures  made  by  establishments  engaged  primarily  in  the  manufacture  of  gas  and  electric  fixtures. 
'  Including  insulated  wire  nude  in  wire-drawing  mills. 


Gc 
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Electric  Light  and  Power  Statistics.— It 

is  unfortunate  that  the  authoritative  statistics 
as  to  the  four  great  groups  of  electrical  public 
utilities  which  manufacture  "service*  as  com- 
piled by  the  government  —  telegraphy,  tele- 
phony, electric  light  and  power* and  electric 
street  railways  —  do  not  come  down  to  a  later 
period  than  1912.  Their  figures  under  an  act 
of  Congress  are  taken  by  the  United  States 
Bureau  of  the  Census  every  five  years,  the  last 
being  compiled  in  1912  and  the  next  not  being 
due  until  1917,  and  not  becoming  available  be- 
fore the  end  of  1918  at  the  earliest  The  data 
for  1912  are  therefore  presented  herewith  sub- 
ject to  the  expansion  up  to  date  under  the 
average  rates  of  increases  that  are  apparently 
revealed. 


6,000,000  customers  in  1916.  At  least  10,000.000 
devices  for  consuming  current,  outside  of  power 
and  light  purposes,  were  then  in  circuit  —  flat- 
irons,  vacuum  cleaners,  coffee  percolators, 
grills,  toasters,  etc.—  but  electrical  refrigeration 
except  in  bulk  and  especially  in  the  production 
of  "raw  water*  ice  had  not  advanced  very  far. 
In  the  use  of  electric  power  some  States  in  the 
South  and  on  the  Pacific  Coast  showed  enor- 
mous gains  in  the  period  1905-12,  running  up 
to  4,000  per  cent,  due  in  both  sections  to  the 
utilization  of  water  power,  and  in  the  South  to 
the  electrification  of  the  cotton  goods  industry 
as  a  whole.  As  to  lighting,  one  of  the  most 
interesting  developments  has  been  the  relative 
supersession  of  arc  lighting  for  street  and  com- 
mercial purposes  by  the  incandescent  lamp,  al- 


COMMERCIAL  AND  MUNICIPAL  CENTRAL  ELECTRIC  STATIONS:  1912.  1907 


Per  cent 

1912 

1907 

1902 

of 

1902-1912 

5.221 
3.659 
1.562 
$302,115,599 
S/K6.Q80.858 
$15. 134.741 
$234. 419.478 
79.335 
7.528.648 

4.714 
3.462 
1.252 
$175,642,338 
$169,614,691 
$6,027,647 
$134,196,911 
47.632 
4,098,188 

3.620 
2.805 
815 

$85,700,605 
$84,186,605 
$1,514,000 
$68,081,375 
30,326 
1,845,048 

44.2 
30  4 
91.7 
252.5 
240  9 
899.7 
244.3 
161  6 
308.0 

7.844 
4.946.532 

8.054 
2,693.273 

6.295 
1.394,395 

24  6 

234.7 

2.933 
2.471 .081 

2.481 
1.349.087 

1,390 
438,472 

111.0 
463.6 

1.116 

111 ,035 
5,134.689 
11.532.963.006 

463 

55.828 
2.700.225 
5.862.276.737 

165 
12.181 
1.212.235 
2,507.051.115 

576.4 
811.5 
323  6 
360.0 

505.395 
76.507.  H2 

»  562 . 795 
Ml. 876. 332 

385,698 
18.194.044 

31  0 
320  5 

435.473 
4.130.619 

167.184 
1.649.026 

101.064 
438.005 

330  9 
843  1 

•  Of  Stations  "  

Commercial    

Municipal  .  .   

Total  income  »   .  .   

Light,  heat  and  power,  including  free  service 

All  other  sources    

Total  expenses,  including  salarie*  and  wages  ' 

Total  number  of  persons  employed  

Total  horse  power   

Steam  engines  and  steam  turbines  « — 

Number  

Hone  power  

Water  wheels  — 

Number  , 

Horse  power  

i  and  oil  engines  — 

Number  

Horse  power .  

!  capacity  of  dynamos 


w.red  for 


ndescent 
onary  m 
Number 


capacity . 


1  The  term  "station"  as  here  used  may  represent  a  single  electric  station  or  a  number  of  stations  operated  under  the 
BACTiaC  ownership. 

>  Exclusive  of  $36,500,030  in  1912.  $20,093,302  in  1907  and  $7,703,S74  in  1902.  reported  by  street  and  electric  railway 
companies  a*  income  from  sale  of  electric  current  for  light  or  power  or  from  sale  of  current  to  other  public  service  corpora- 
tions. 

»  In  addition  to  salaries  and  wages,  includes  the  cost  of  supplies  and  materials  used  (or  ordinary  repairs  and  replace- 
merit,  advertising,  fuel,  mechanical  power,  electrical  energy  purchased,  taxes,  and  all  other  expenses  incident  to  operation 
and  maintenance,  and  for  1912  charges  for  depreciation  and  charges  for  sinking  fund. 


*  Includes  auxiliary  engines. 

*  Includes,  for  purposes  of  comparison,  7,082  arc  and  267,997  incandescent  lamps  reported  by  the  electric 
to  light  their  own  properties.    Lamps  used  for  such  service  were  included  in  the  total  number  reported  in  1912. 

Various  items  in  connection  with  the  central 
station  electric  light  and  power  industry  may 
here  be  noted.  Statistics  as  to  its  income  arc 
regularly  compiled  by  the  Electrical  World  on  a 
basis  in  excess  of  60  per  cent  of  the  totals  re- 
ported from  month  to  month;  and  these  show 
for  1916  an  income  of  not  less  than  $425,000,000 
from  electric;  service.  If  the  return  from  other 
service  such  as  sale  of  electrical  supplies,  steam 
heating,  refrigeration  and  return  on  investments 
be  considered,  the  total  1915-16  income  of  the 
industry  cannot  possibly  be  put  lower  than 
$450,000,000,  and  it  is  probably  far  in  excess  of 
that.  The  number  of  electric  meters  on  all 
central  station  consumption  circuits  in  1912 
was  3.617,189,  coinciding  very  closely  with  the 
number  of  customers,  and  it  is  estimated  on  this 
basis  and  others  that  there  were  not  less  than 


though  in  projection  and  searchlight  use  it  has 
made  such  strides  that  an  arc  search  light 
operating  in  New  York  has  made  its  beam 
visible  in  Philadelphia,  90  miles  away.  There 
is  also  a  large  use  of  arc  lights  in  theatrical 
and  motion  picture  work.  Owing  to  the  ad- 
vancing perfection  of  the  incandescent  lamp 
through  the  stages  of  carbon,  metallized  car- 
bon, tantalum  and  tungsten  filaments,  the  num- 
ber of  spherical  candle  power  hours  delivered 
for  one  cent  has  risen  from  13.9  in  1885  to  71 
in  1916.  an  increase  of  nearly  500  per  cent  in 
about  30  years,  during  which  time  the  price  of 
the  lamp  and  the  price  of  electrical  energy  have 
both  decreased  enormously.  The  rate  here  given 
is  figured  on  operation  at  1,000  hours  of  energy 
at  10  cents  per  kilowatt  hour  for  current. 
Among  the  chief  advances  of  the  period  in 
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electrical  development  outside  of  railway  work 
have  been  those  in  electro-chemical  and  electro- 
metallurgical  development,  both  stimulated  un- 
doubtedly by  the  great  war  and  both  dependent 
upon  the  supply  of  cheap  current  Thus  one 
plant  building  in  1916  in  California  was  to  use 
2,500  horse  power  of  electrical  energy  generated 
by  a  hydro-electric  company,  with  an  output  of 
5,000  tons  of  caustic  soda  and  10,000  tons  of 
"bleach."  The  electrolytic  production  of  hydro- 
gen and  oxygen  has  increased  enormously,  so 
that  over  300,000,000  cubic  feet  of  hydrogen  per 
year  are  thus  manufactured  in  the  United 
States.  It  is  interesting  to  note,  however,  that 
while  the  electrical  fixation  of  atmospheric 
nitrogen  has  increased  enormously  abroad, 
representing  about  300,000  tons  at  the  beginning 
of  1916,  or  a  gain  of  over  200  per  cent  in  three 
years,  requiring  1.000,000  horse  power,  little 
corresponding  activity  has  been  shown  in  the 
United  States  up  to  this  time  of  writing;  al- 
though several  processes  of  proved  value  are  of 
American  origin.  On  the  contrary,  the  develop- 
ment of  the  electric  steel  furnace  has  been  re- 
markable. Electrical  castings  command  a  pre- 
mium where  unusual  durability  and  resistance 
to  stress  are  needed.  On  1  Jan.  1916,  about  73 
electric  steel  furnaces  were  in  operation  in  the 
United  States  with  an  output  of  about  100.000 
tons  per  year,  but  a  terrific  jump  was  made 
during  1916,  so  that  the  number  of  American 
furnaces  was  at  least  doubled,  while  their  out- 
put has  been  estimated  at  1.000.000  tons  by  a 
conservative  authority.  Probably  the  United 
States  has  now  more  electric  furnaces  than  any 
other  country. 

The  business  of  the  central  station  has  a 
constantly  growing  diversity  factor.  The 
revenue  of  one  leading  system  in  1916  was 
derived  as  follows:  Commercial  lighting,  37 
per  cent ;  power  for  industrial  ana  general  pur- 
poses, 22  per  cent;  residence  lighting,  18  per 
cent;  power  for  electric  railway  use  23  per 


cent.  The  item  of  residence  lighting  reveals 
one  of  the  large  opportunities  before  the  cen- 
tral station,  and  includes  an  endless  variety  of 
apparatus  and  appliances,  ranging  from  the 
curling  iron  to  the  electric  range  for  cooking. 
In  other  cities  than  the  one  quoted  the  propor- 
tion of  commercial  and  domestic  service  would 
average  higher,  although  taking  the  country  as 
a  whole  perhaps  only  one  house  or  family  in 
every  five  has  electric  service.  However,  very 
few  new  houses,  even  in  remote  rural  districts, 
are  built  now  without  electrical  wiring. 

Electric  Railway  Statist'cs  — Herewith  are 
given  the  latest  available  official  statistics  for 
the  electric  street  railways  of  the  United  States, 
in  this  case,  as  in  those  of  electric  lighting, 
being  the  Census  Office  figures  for  1912,  the 
next  compilation  not  being  made  by  the  gov- 
ernment until  1917  and  not  available  before 
1918-19.  The  present  figures  serve,  however,  as 
a  safe  basis  from  wh:ch  to  estimate  the  advance 
in  the  succeeding  five  years  in  almost  every 
respect  at  an  average  rate  of  increase  not  in 
excess  of  8  per  cent.  It  is  a  well-known  fact 
that,  as  to  surface  traffic,  street  railways  have 
been  subjected  to  a  serious  competition  from  the 
automobile  "jitney  *  but  this  element  of  loss  has 
been  largely  reduced;  while  on  the  other  hand 
it  has  stimulated  the  street  railways  to  develop 
many  types  of  new  and  better  service,  adding  to 
the  return  on  the  investment  and  to  the  satis- 
faction of  the  public.  While  the  surface  trac- 
tion lines  —  trolley  or  slot-conduit  —  have  been 
working  out  their  own  salvation  through  this 
strenuous  period,  elevated,  subway  and  steam 
railroad  electrification  have  undergone  a  mar- 
velous expansion  as  indicated  by  other  statis- 
tics. The  gross  income  of  operating  street 
railwavs  —  virtually  all  electric  —  is  given  for 
1912  as  $520,000,000.  The  income  of  all  electric 
service,  urban,  interurban  and  main  line,  is  esti- 
mated for  1917  at  not  less  than  $800,000,000. 


UNITED  STATES  ELECTRIC  RAILWAY  STATISTICS 





1912 




1902 


PI  H    I  V  VT   OF  I  VCR  FASH  1 


190'-igi2 


1907-191? 


1907-1907 


Number  nf 
Ojtfruting 

Lessor  

Milt*  of  line  

Miles  of  single  track' 
Rolling  stock: 

Cars,  number.  .  . 
Passenger  . 
AH  other . .  . 

Persons  employed 
ponies- 
Number . 

Salaries  and  wages 
Salaried  em 

Number  

Salaries  

Wage  earner*  — 

Average  number 
Wi 


......... 


(including  turbines)  and 
gas  engines  — 


Water  wl 

Noml 

Horse  poster  

Kilowatt  capacity  of  dynamos  

!  of  sta'ions.  kilowatt  niurs. 
;  purchased,  kilowatt  hours. 


1.260 
975 
285 

10.437  86 
41.064  82 

94.016 
76.162 
17.8S4 
277 


$iOO.«90,939 

23.271 
$26, 128.786 

•2S9.190 


209.729 

1174.762.153  $I38.081,6J3 
3.665.051  2.519.823 


2.312 
3.193.744 

383 
471 . 107 
2 . 508 . 066 
6.052,699.008 
2.967.318.781 


1.236 
945 
791 

25.547  19 
34.381  51 

83.641 
70.016 

13.625 
117 


•221.429 
$150,991,099 

11.700 
$12,909,466 


3.409 
2.427.862 

228 
91 .961 
1.723.416 
4.759.130.100 

C) 


987 
817 
170 

16.645  34 

22.572  52 

66.784 
60.790 
6.494 
3 


■140.769 
$88,110,165 

7.128 
$7,439  ,  716 

133.641 
$80,770,449 


2.652 
1.310.132 

ISO 
49.153 
898.362 
2.261.484.397 


27  7 
19  3 
67  6 
82  9 
81  9 

40  8 

7*  » 
174  9 


100  7 

127.7 

226  5 
251  2 

93  9 
116  4 


1.359.285        169  6 


—12  8 
143.8 

HO  9 
XSS  9 

179.2 
167  6 


1  9 

3  2 
—2  1 
19  1 
19  4 


25  2 
13  7 
71  2 

51  5 

52  3 


12.4 
8 
31  0 


25  2 
16.1 
109  8 




27  6 
33  0 

98  9 
102.4 

23.6 
26.6 

45  4 


—32.2 
31.5 

68  0 
412  5 

45.5 
27.2 


57.3 
71.2 

64  1 

73.5 

56  9 
71.0 

85  4 


28. 
85 


43  4 

87.1 
91.8 
110  4 




Digitized  by  Google 


Digitized  by  Google 


ELECTRIC  MANUFACTURING  INDUSTRY 


Departments  tl)  No.  18;  (1)  No.  SO,  Works  of  General  Electric  Company,  Schenectady,  N.  T. 


Digitized  by  Google 


ELECTRICAL  MANUFACTURING  INDUSTRY 


157 


UNITED  STATES  ELECTRIC  RAILWAY  STATISTICS —  Concluded 


TwTm 

Passe  users  carried  

Revenue  

Transfer  

Pree  

Rcvrnuc  car  mi  Stage  . 

Pawenger  

Express,  mail  and  freight 
Revenue  car  hours  * 

Passenger  

Express,  mail  and  freight 
Average  number  of  revenue  pas- 

Per  nv.lc  of  track  operated  ' 
Per  revenue  patsenger  car  mile 
Per  revenue  passenger  car  hour 
Condensed  income  accounts: 

op~82i%5SFr-  

Operating  revenues  

Transportation  rev- 

Non-transportation 

revenues  

Income  from  other  sources. 

Operating  expenses  .  .  .  

Net  earnings  (operating  rev- 
enues less  operating  ex- 
penses)   

Gross  income,   less  operating 

expenses  

Deductions  from  income  

Taxes    

Interest  on  funded  and 
floating  debt  and  mort- 
gages 

Rent  of  leased  lines  and 
terminals ........ 

Miscellaneous 

Net  income  

Dividends  

Surplus   

Lessor  companies  — 

Gross  income  •  

Rentals    from  operating 

companies 
Miscellaneous  income  .  . 
Deductions  from  income  . 

Interest    on    funded  and 

other  (k-ljt       .  . 
Miscellaneous  deductions 
Net  income .    ...........  . 

Dividends  

Surplus  

C.-ft pi t  *i  1 1 iii  1 1 r« ', 

Xotal  

Operating  companies 
I^aa»r  companies. 

Capital  stock  

Operating  compar.it  s 
Lessor  companies 
Funded  debt 

Operating  oitnpanm 
Lessor  companies 


1012 


12.135.341,716 
9  545.554.667 
2.423.918.024 
165.869.025 
1.921.620.071 
1   *HS  870.  15  ' 
35.749.917 
190.478.140 
187.590.223 
2.887,917 


232.556 
5  06 
■1,.  <s 


t585.9tO.517 
567.511 .704 

520.184.773 

47.326.931 
18.418.813 
332.896.356 

234.615.348 

253.034.161 
191.123.408 
35.027.965 

98.025.338 

44.784,521 
13.285.584 
61 .910.753 
51.650.117 
10,260.636 

35.605.367 

35.144.521 
460.  H 1  6 

16.090.372 

IS. 234. 132 
856,240 
19.514.995 
19.342.101 
172.894 

4. 708. 568, 141 
3.956.718.023 

751  .8M1.118 
2.381.344.513 
1.95  7 .300.149 

42  7.044.364 
2.324.223.628 
1  .9W.417.874 

324.805.714 


I'm:: 


<>  533,080.766 
7.441.114.508 
1.995.658.101 
96,308.157 
1.617.731.300 
1,583.831.199 
33.900. 101 
151 .338.944 
148.678.052 
2.660.892 


216,522 
4  70 
43  06 


$429.744, 254 

418.187.858 

390.276.347 

27.911.511 
11.556.396 
251.309.252 


166.8;  S.60( 

178.435.002 
138.094.716 
19.755.602 


63.740.744 

48.022.596 
6.575.774 
40.340.286 
26.454.732 
13.885.554 

47,913.249 

47.500.933 
412.316 
19.465.984 

18.030.522 
1 .435.462 
28.447.26S 
28,030.542 
416.723 


:  .no 


PBR   CBNT  04»  INCKKASK' 


1902-1917  1907-1912  1902-1907 


61  «  .  296 
774.211 ,904 
062.403.392 
(») 

144.430.466 
120.101.944 
24.328.522 
65.869.342 
65.403.287 
466.055 


212.217 
4  26 
33  28 


$250,504,627 
247.553.999 

235.997.005 

11.556.994 
2.950.628 
142.312.597 


105.241.402 

mis.  iq:  03d 

77.595,053 
13.078.899 


38.085.911 

25,518.225 
912.018 
30.596.9 
15,882.  HO 
14.714.867 

26.138.899 


26 


116  KS4 

22.015 
8.779.294 


8.376.559 
402.735 
17.359.605 
17.157.061 
202.544 


3.774.772.006  2.308,282.099 

2.811,876.374  1.775.468,781 

962,895.722  532, 813.318] 

2.097,708,8561  1 .31 5 . 572  . 96<)j 

1.543.269.002  982,969,070 

554.J39.8S4  332.603,890 

1.677.063.240  V92.709.139 

1.268.607.372  792.499.711 

408.455,868  200.209.428 


107  9 
99  9 
128  2 


67  9 

68  4 
46  9 


9  6 


133  9 
129  2 

120,4 

309  5 
524  2 
133  9 


122.9 

133  9 
146  3 
167  8 


157  4 

75  5 


102  3 

225  2 
—30  3 

36  : 

34  6 

83  3 


81  9 
112  6 
12  4 
12.7 
—14  6 

104  0 


122 
41 
81 
99 
28 
134 
152 
62 


?; 

28 

21  5 
72  2 
I  -  8 
19  1 

5  5 


7.4 


36  3 

35.7 

33  3 

69  6 
59  4 

32  5 


40  6 

41  8 

38  4 

77.3 


53  8 


vt  < 
95  2 
—26.1 

—25.  7 

—26  0 
II  8 

—17.3 

— 15  S 
—40  4 
—31  4 
—31.0 
—58  5 

24  7 
40  7 
-21  0 
13.7 
26  8 
— 23  0 

57.6 
—20  5 


87  8 


41  4 
41  4 

39  3 


2.0 


71  6 
<■>  ') 

65  4 

141.5 
291  7 

76  6 


58  6 

64  9 
78  0 
51  0 


67  4 

88  } 


31  8 
66  6 

5  6 

83  3 
81  9 


121  : 

US  2 
256  4 
63  9 
63  4 
105  7 


63 
58 
80 
59 
57 
66 
68 
60 
104 


'  A  minus  sign  ( — )  denotes  decrease. 

« Includes  track  lying  outside  the  United  States,  namely  —  1912.  31.91  miles;  1907.  27.52  miles;  and  1902.  4.20  mils*. 
Exclusive  of  track  not  operated. 

'  Pot  939  companies  in  1907  and  for  797  companies  in  1902. 
«  Number  employed  16  Sept.  1912. 
•  Figure*  not  available. 


•  Exclusive  of  1 2  companies  in 


which  failed  to  furnish  this 


Telephony  and  Telegraphy.— The  general 
statistics  of  the  telegraph  and  telephone  indus- 
tries of  the  country  are  shown  both  comprehen- 
sively and  comparatively  in  the  following  table. 
These  two  branches  of  the  great  modern  art  of 
the  communication  of  intelligence  are  separate 
and  distinct,  yet  are  very  closely  interwoven  in 
their  physical  relationships ;  and  at  various  times 
and  in  various  ways  have  been  largely  con- 
ducted financially  as  one  business.  The  ( 


for  such  a  combination  are  not  far  to 
seek  and  arc  recognized  in  the  existence  in  most 
countries  of  a  united  telegraph  and  telephone 
governmental  administration;  whereas  in  the 
United  States  such  a  policy,  under  the  pre- 
vailing private  ownership,  has  been  declared 
illegal.  American  telephone  and  telegraph  sys- 
tems as  to  apparatus  used  and  results  obtained 
are  in  general  infinitely  superior  to  anything 

A  point  to  be  noted  in 
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the  accompanying  table  is  the  relatively  dis- 
proportionate magnitude  of  the  younger  art, 
telephony,  in  all  respects,  particularly  invest- 


depots,  being  placed  at  30,000.  The  annual  re- 
port of  the  Western  Union  Telegraph  Company 
for  1917  is  a  sufficient  indication  of  revived 
prosperity  now  and  in  recent  years.   The  report 

TELEPHONE  AND  TELEGRAPH  SYSTEMS  -  COMPARATIVE  SUMMARY:    1912.  1907  AND  1902. 


Total 


R  CENT  OF 
TOTAL 


Tcle- 


Tele- 


N umber  of 


Mile*  of  single  wire 

Ocean  cable,  nai 

Employees  and  salaries  and  wages 
Average  number  

Salaries  and  wages 


1912 
1907 
1902 

1912 
1907 
1902 

1912 
1907 
1902 

1912 
1907 
1902 

1912 

1907 


32.261 
22.998 
9.161 


22.062.322 


Capital 


1912 
1907 
1902 

1912 
1907 
1902 

1912 
1907 
1902 


67.676 
46,301 

n 

» 220. 656 
172.20.1 
106.379 

•121. 005. 535 
*8o.087.376 
tSl.29S.294 

tl, 213.798, 950 
(1,134.909.579 
isi0.977.5H3 

1319.844.077 
1236. 04S. 615 
$127,755,574 

$262. 133,861 
$182,681 .918 
$96,112,805 


32.233 
22.971 
9.  136 

20.248.326 
12.999.364 
4.900.451 


183.361 
144.169 

78,752 

$96,040,451 
$68,279,127 
$36,255,621 

$991,294,115 
$814,616,004 
$348,031,058 

$255,081,234 
$184,461,747 
$86,825,536 

$203,754,909 
$140,802,305 
$6S, 164,771 


28 
27 
25 

'1.814.196 
1.577.961 
1.318.350 


67.676 
46.301 


I 


C) 

37.295 
28.034 
27.627 

4,964.994 

7.808,249 
5,039.673 


i222.S04.83S 
$.'20,293,575 
$162,946,525 

$64,762,843 
$51,583,868 
$40,930,038 

$58,378,952 
$41,879,613 
$30,948,034 


99  9 
99  9 
99  7 

91  8 
89  2 
78  8 


83  1 
83  7 
74  0 

79  4 

79  3 
70  7 

81  7 
79  3 
68  1 

79  8 
78  2 
68.0 

77.7 
77  1 
67  8 


0  1 
0  1 

0.3 

8  2 

21  2 

100  0 
100  0 


16  9 
16  3 
26  0 

20  6 
20  7 
29  3 


18. 
29 
31 

20 
21 
32 


22  3 
22  9 
32  2 


1  Include*  farmer  or  rural  lines,  and  in  1907  and  1912  systems  reporting  annual  incomes  of  less  than  $5,000;  1 
pt  for  number  of  systems  or  lines  and  miles  of  wire,  figures  do  not  agree  with  those  shown  in  other  tables. 

*  Does  not  include  wireleas  telegraph  systems.  * 

•  Exclusive  of  314.329  miles  of  wire  owned  and  operated  by  railway  companies. 

*  Not  reported. 

•  Number  employed  16  Sept.  1912. 

The  extent  to  which  the  condition  of  the  showed  that  the  company  in  1917  experienced 

times    affect    electrical    utilities    is    strikingly  the  most  prosperous  year  in  its  history.  The 

shown  in  the  fact  that  while  for  the  period  of  earnings  available  for  common  dividends  were 

eight  months  in  1917  the  American  (Bell)  Tele-  equal  to  $12.79  per  share  as  against  $12.42  in 

phone  and  Telegraph  Company's  earnings  rose  the  previous  year.   This  amount  was  earned  on 

from  $171,608,490  to  not  less  than  $194,337,712.  almost  $100,000,000  stock.     During  1917  the 

the  operating  net  income  was  but    $47,439,392  company  paid  6)i  per  cent  dividends,  compared 

as  compared  with  $47,586,655.    The  whole  gain  with  5VS  per  cent  in  1916.    The  statement  for 

of  nearly  $23,000,000  was  thus  negatived  with  1917.  with  comparison,  follows: 

$150,000  more  thrown  in;  but  the  gain  was  Earned 

there  all  the  same,  and  in  due  time  the  larger  Gro»»  ,ncorac  Surplus  income  on  stock 

interest  charges  due  to  rapid  increases  of  capital     }*|^    *LV!w?'ooo    'u'lw  ooo     *12  42 

will  work  out  to  advantage.    On  the  basis  of  io\s.  \ .  .  .  .  .     .    5l!l7i!ooo      lO.'^iooo  10.19 

total  operating  revenues  of  the  Bell  system  of     1914    46.264.000       5.37i,ooo        5  38 

$270,000,000  the  year  1917  will  show  at  10  per  .  ;              fr^gg      2 low! 35  U*i 

cent   increase  an  amount  well  in  excess  of     jqh    35.478.ooo       5.371.000  5.38 

$290,000,000.    For  telephony  as  a  whole,  indud-     1910   32.7S4.ooo       5. 587. 000        5  mi 

ing  the  independent  systems,  a  total  of,  say, 

$425,000,000  might  be  set  down.    The  physical  These  significant  figures  are  matched  by 

statistics  of  the  Bell  telephone  system  and  its  those  wilh  regard  to  wireless  telegraphy.  Thus, 

growth  arc  strikingly  shown  in  the  accompany-  pross  earnings  of  the  Marconi  Wireless  Tele- 

mg  table.  graph  of  America  have  nearly  doubled  during 

Telegraphy. —  As  an  industry  the  telegraph  the  period  of  the  war,  while  expenses,  including 

showed  a  remarkable  recovery  following  the  taxes,  were  less  during  1917  than  in  1914.  The 

outbreak  of  the  European  War.  and  at  the  end  company's  net  income  for  1917  was  $609,430,  and 

of  1917  there  were  no  fewer  than  60,000  tele-  undivided  profits  and  reserves  on  31  Dec.  1917 

graph  operators  engaged  at  telegraph  centres,  amounted  to  $2,150,000.    The  capital  stock  is 

local  offices,  brokers'  offices,  etc  ,  the  number  of  $10,000,000. 

distinctively  telegraph  offices,  including  railroad  Electrical  Export  Trade,— The  effect  of 
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the  European  War  has  been  felt  generally  in 
the  export  of  American  manufactures,  but  in 
this  respect  electrical  goods  have  been  a  con- 
spicuous item.  The  foreign  demand  for  Ameri- 
can electrical  apparatus  and  supplies,  even  under 
the  severe  limitations  imposed  by  lack  of  ships 
and  many  closed  markets,  has  carried  the  strictly 
electrical  exports  from  $19,771,757  in  the  year 
ending  30  June  1915  to  no  less  an  amount  than 
$52,158,773  in  the  corresponding  period  1916-17. 
The  chief  gains  were  in  insulated  wires  and 
cables  from  $1,911,850  to  $7,191,684;  electrical 


in  um:  in  modern  power  stations  on  land,  con- 
nected to  two  independent  induction  motors 
mounted  on  each  of  the  four  propeller  shafts. 
It  is  quite  probable  that  details  as  to  any  part 
of  this  tremendous  innovation  in  naval  equip- 
ment should  not  be  expected  until  the  war  is 
over.  Many  advantages  for  this  method  of 
propulsion  arc  claimed  by  the  designers  and 
disputed  by  critics.  Three  battleships  requiring 
33,000  horse  power  each,  of  the  same  type,  have 
also  been  provided  for  in  naval  pjans;  and  one 
of  these,  the  superdreadnought  California,  cor- 


BELL  TELEPHONE  SYSTEM  IN  THE  UNITED  STATES 


Tout  miles  of  pole  line*  

Mile*  of  underground  conduit  (length  of  single  duct) 

Mile*  of  underground  wire  

Miles  of  submarine  wire  ,    

Miles  of  aerial  wire  

Tout  miles  of  wire  

Comprising  toll  wore  

Comprising  exchange  wire    

ToUl  

Mfle.  of  phantom  circuit  

Total  exchange  circuit!    

Number  of  central  offices    

Namber  of  bill  stations  (owned)-.  

Number  of  bell  connected  stations .  


|   .  «  ft  *  »  A  •    .    *    ,   «  *  »  . 


Total  stations . . . 
Number  of  employees . 
Number  of  connecting  companies,  lines  and  systems 

Exchange  connections  daily  

Toll  connections  daily    


December  . 
31.  1PI0 

December 
31.  1915 

December 
31.  1916 

Increase 

u 

12.877 

330.602 

JJ7.289 

6.687 

JO. 163 

44.510  | 

47. 

120 

2.610 

5.992.J03 
24.6J6 
S. 625, 273 

10.536.837  11.468.525 

 J6.J14-V  41.172 

7.932.394  ,  8.340.618 

931.688 
4.858 
408.224 

11.642.212 

18.505.545  '  19.850,315 

1.344.770 

1 .963.094 
9,678,218 

2.453.483 
16.052.062 

2.682.910 
17.167.405 

229.427 
1.115.343 

11,642,212 

18.505,545 

19.850.315 

1.344.770 

115.506  |  196.841 

221.994 

25.153 

2.082.960 
4.933 

3.174.271 
•5.300 

3.459,069 
5.397 

284.798 
97 

3.933.056 
1 .949.663 

5.968.110 
3.183.111 

6.545,490 
3.301.702 

577.380 
118.591 

5.882.719 

9.151.221 

9.847.192 

695.971 

120.311 

156.294 

179.032 

22.738 

17.845 

28.306 

30,358 

2.052 

21. 681.471 

23.t83.799 

28.530.073 

3.346,274 

tta  M9 

819.030 

889,860 

70.830 

*  Include*  private  line  nations. 

batteries  from  $967,146  to  $3,286,674;  electric 
motors  from  $2,818,743  to  $5,895,696;  trans- 
formers from  $624,483  to  $1,265,459;  telegraph 
instruments  from  $76,271  to  $539,389;  incan- 
descent lamps  from  $575,072  to  $2,301,407; 
electric  meters  from  $2,818,743  to  $5,895,696. 

Electrical  Ships. —  A  decided  novelty  in  the 
field  of  electrical  manufacture  is  the  equipment 
of  electrically  propelled  ships.  The  world  is 
familiar  with  the  use  of  launches  driven  by 
storage  batteries  and  with  submarine  boats  jn 
which  the  same  motive  power  is  employed ;  but  in 
the  modern  electrical  ship  propulsion  is  secured 
by  means  of  electrical  energy  fed  from  steam 
turbine  generators  to  electric  motors  mounted 
on  the  propeller  shafts.  The  success  of  this 
method  in  the  United  States  collier  Jupiter 
would  seem  to  be  very  emphatically  evidenced 
in  the  provision  in  the  Navy  Bill  of  1916  for 
four  great  battleships  or  cruisers  each  requiring 
180,000  horse  power  delivered  to  four  screw 
shafts  turning  at  full  speed  at  about  250  revo- 
lutions per  minute,  which  yield  a  rate  of  travel 
through  the  water  of  35  knots  per  hour.  Each 
of  the  ships  is  to  have  installed  four  high  spred 
turbine-driven  generating  units,  similar  to  those 


responding  to  the  present  direct  steam-driven 
Arizona,  is  under  construction.  No  other  nation 
has  yet  ventured  on  such  an  experiment. 

Thomas  C.  Martin, 
Secretary  National  Electric  Light  Association. 

ELECTRICAL  MEASURING  INSTRU- 
MENTS. The  four  fundamental  electrical 
quantities  which  are  being  constantly  measured 
in  electric  circuits  arc  ohms,  amperes,  volts  and 
watts.  Another  quantity  of  much  commercial 
importance  is  watt  hours. 

The  usual  method  of  measuring  ohms,  that 
is,  the  electrical  resistance  of  a  circuit,  is  to 
use  a  Wheatstone  Bridge,  which  is  described 
elsewhere.  The  electrical  resistance  of  a  cir- 
cuit may  also  be  measured  by  what  is  called 
'fall  of  potential  method,*  which  consists  in 
sending  a  measured  current  through  the  cir- 
cuit and  measuring  the  difference  of  potential 
between  the  terminals  of  the  circuit,  as  illus- 
trated in  Fig.  1.  When  the  current  is  measured 
in  amperes  and  the  difference  of  potential  is 
measured  in  volts,  the  resistance  is  obtained  by 
taking  the  ratio  of  the  volts  to  the  amperes. 
The  instruments  used  in  this  measurement  are 
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ammeters  and  voltmeters,  which  are  described 
below. 

In  measuring  amperes,  advantage  may  be 
taken  of  any  one  of  three  different  physical 
effects  of  the  electric  current:  (1)  The  elec- 


for  : 

'  fall  of  potential.11 

tro-chemical  effect,  (2)  the  magnetic  effect,  and 
(3)  the  heating  effect.  Instruments  which  are 
used  for  measuring  currents  by  taking  advan- 
tage of  the  first  of  these  phenomena  arc  called 
voltameters.  When  an  electric  current  is  passed 
through  a  dilute  solution  of  sulphuric  acid  and 
water,  the  water  is  electrolyzed  and  the  com- 
ponent gases,  oxygen  and  hydrogen,  are  given 
off  respectively  at  the  two  metallic  terminals 
by  means  of  which  the  current  enters  and 
leaves  the  water.  These  two  terminals  may  be 
placed  irt  the  two  limbs  of  a  vertical  U  tube, 
such  as  the  arrangement  illustrated  in  Fig.  2, 
where  A  and  B  arc  the  two  ends  of  the  U 
tube  and  EE  are  the  two  metallic  electrodes. 
The  arrow  shows  the  direction  of  the  flow  of 
the  electric  current  from  the  battery.  A  riser  C 
is  provided  to  maintain  the  supply  of  acidulated 
water  as  the  gases  collect  in  the  upper  limbs  of 
the  tube. 


PlC.  2. —  Water  Voltameter. 

A  water  voltameter  such  as  is  here  illustrated 
has  not  been  found  convenient  or  satisfactory 
for  measuring  currents,  and  voltameters  in  which 
the  electrolytes  arc  the  solutions  of  salts  of 
metals  are  preferred  for  actual  measurements. 
Copper  plates  in  a  solution  of  copper  sulphate 


may  be  used  or  silver  terminals  in  a  solution 
of  nitrate  of  silver.  Voltameters  are  not  now 
used  in  practice,  as  they  are  not  sufficiently 
convenient  for  general  use ;  but  the  silver  volta- 
meter at  one  time  proved  to  be  so  satisfactory 
for  use  as  a  standard  that  the  International 
unit  of  current  (the  ampere)  is  defined  as  the 
current  wh.ch  flowing  for  one  second  through 
a  suitable  voltameter  will  deposit  .001118  grains 
of  silver  on  the  cathode. 

Most  of  our  common  instruments  for  meas- 
uring currents  depend  upon  the  magnetic  effect 
of  the  current  for  their  indications,  and  each 
is  really  a  modified  galvanometer  provided  with 
a  pointer  to  indicate  the  deflections  of  the 
needle  or  movable  coil.  Such  instruments  ar- 
ranged for  convenient,  everyday  measurements 
of  electric  currents  are  generally  called  am- 
peremeters or  ammeters,  and  they  are  made 
in  numerous  forms,  some  of  them  intended 
to  be  mounted  upon  switchboards  in  dynamo 
rooms,  and  others  made  up  in  more  or  less 
portable  form  so  that  they  may  be  carried 
around  to  be  used  at  any  convenient  place.  The 
switchboard  instruments  —  namely,  those  in- 
tended to  be  mounted  on  switchboards  —  are 
used  in  large  numbers  in  electric  lighting  plants 
or  works,  where  they  may  be  seen  mounted  upon 
marble  or  slate  boards  along  with  switches  for 
controlling  the  current.  They  are  there  used 
to  show  the  dynamo  attendants  how  much  cur- 
rent is  being  generated  by  the  plant  at  any 
moment  and  what  proportion  is  furnished  by 
each  dynamo. 

Portable  forms  of  these  instruments  are 
ordinarily  used  in  laboratories  for  experimental 
work. 

According  to  the  mechanical  details  entering 
into  their  construction  electromagnetic  ammeters 
may  be  roughly  divided  into  three  classes:  (1) 
Those  having  soft  iron  parts  which  are  moved 
by  the  magnetic  attraction  set  up  by  the  current 
in  the  coils  of  the  instrument;  (2)  those  having 
permanently  magnetized  parts  which  are  acted 
upon  by  the  magnetic  force  set  up  by  a  current 
in  the  coils  of  the  instrument,  either  the  coil 
or  the  magnet  moving  under  the  influence  of 
the  magnetic  force;  (3)  those  having  no  iron 
in  their  construction,  but  having  two  coils,  one 
of  which  is  moved  by  the  magnetic  force  ex- 
erted between  them  when  a  current  flows  in 
both. 

The  moving  parts  of  these  instruments  are 
usually  mounted  on  pivots  which  are  carefully 
finished  to  reduce  the  friction  to  a  small  value, 
and  the  instruments  may  be  considered  equiva- 
lent to  galvanometers  arranged  with  the  moving 
parts  mounted  on  pivots,  instead  of  being 
mounted  upon  a  delicate  suspension,  and  each 
provided  with  a  pointer  arranged  to  play  over 
a  scale  graduated  to  read  in  amperes. 

If  the  magnetic  force  caused  by  the  current 
in  the  coils  of  an  ammeter  had  nothing  except 
the  friction  to  overcome,  every  current  capable 
of  moving  the  pointer  would  pull  it  entirely 
across  the  scale.  As  the  instrument  should  be 
constructed  so  that  the  range  of  movement  of 
the  pointer  is  proportional  to  the  current  in 
the  windings,  a  proper  force  must  be  arranged 
to  hold  the  pointer  back,  and  this  may  be  done 
by  properly  counter-weighting  the  parts  or  using 
a  suitable  spring  to  oppose  the  magnetic  force 
set  up  by  the  current. 

Instruments  of  the  first  class  may  be  cheaply 
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constructed,  and  formerly  weie  commonly  made 
by  dynamo  builders  for  use  in  electric  light 
plants,  but  it  is  difficult  to  make  them  extremely 
accurate  because  the  coercive  force  of  the  iron 
prevents  it  from  responding  equally  to  equal 
magnetic  changes.  For  this  reason  instruments 
of  the  first  class  cannot,  as  a  rule,  be  used 
where  great  accuracy  is  essential,  but  only  where 
an  accuracy  within  from  2  per  cent  to  5  per 
cent  is  sufficient.  For  measurements  that  re- 
quire greater  accuracy,  instruments  belonging 
to  the  second  or  third  class  are  usually  used, 
and  these  can  be  made  so  that  their  readings 
do  not  vary'  more  than  one-half  of  1  per  cent 
from  true  values  when  the  instruments  arc  used 
with  proper  care. 

The  best  form  of  such  instruments  consists 
of  a  modified  D'Arsonval  galvanometer  with 
a  movable  coil  mounted  upon  pivots  and  ar- 
ranged with  a  pointer  to  play  over  a  scale, 
which  was  first  successfully  produced  by  Dr.  Ed- 
ward Weston.  The  Weston  ammeters  and  volta- 


PlC.  3. —  Plan  of  the  Weston  Amperemeter 


meters  made  of  this  construction  may  be  prop- 
erly said  to  have  revolutionized  the  everyday 
measurements  of  amperes  and  volts. 

Fig.  3  shows  a  plan  of  a  Weston  ammeter 
for  measuring  direct  currents.  A  A  represent 
the  binding  posts  of  the  ammeter  through  which 
the  current  may  be  led  to  and  from  the  instru- 
ment. W  W  are  wires  within  the  instrument, 
and  E  consists  of  a  scries  of  conducting  shunts 
between  the  conductors  W  W.  The  movable 
coil  C  is  connected  by  the  wires  w  w  with  the 
binding  posts,  and  through  this  movable  coil 
there  flows  a  fixed  proportion  of  the  current, 
which  bears  a  ratio  to  the  total  current  depend- 
ing upon  the  electrical  resistance  of  the  shunt 
E  and  of  the  movable  coil.  The  movable  coil 
is  mounted  on  pivots  within  the  magnetic  field 
of  the  permanent  mapnet  M,  and  any  motion 
which  is  caused  by  the  magnetic  effect  of  a 
current  flowing  through  the  coil  is  opposed  hy 
the  spiral  spring  D.  The  spring  and  the  pole  pieces 
of  the  magnet  M  are  carefully  designed  so  that 
the  movement  of  the  coil  shall  be  directly  pro- 
portional to  the  current  flowing  through  the 
coil,  and  the  deflection  is  indicated  on  the  scale 
S  by  the  pointer  B  that  is  attached  to  the  coil. 

Fig.  4  shows  a  sectional  end  view  of  the 
working  parts  of  one  of  these  instruments.  A 
stationary  soft  iron  cylinder  is  mounted  within 
the  movable  coil  C  for  the  purpose  of  produc- 
ing radical  direction  and  uniform  density  of 
the  magnetic  flux  in  the  space  between  it  and 

VOL.  10— It 


the  pole  pieces  of  the  magnet,  within  which 
space  the  conductors  of  the  movable  coil  move. 

Weston  or  similar  instruments  are  used  a 
great  deal  where  accurate  portable  current  meas- 
uring instruments  are  required,  and  instruments 


Pic.  4. —  Sectional  end-view  of  mechanism  of  Weston  Di- 
rect Current  Amperemeters  and  Voltameters. 

following  this  type  are  now  manufactured  in 
large  numbers  in  this  and  foreign  countries. 

Magnetic  instruments  belonging  to  the  third 
class  arc  frequently  called  elcctrodynamometcrs 
because  their  indications  are  caused  by  the 
magnetic  effect  of  the  current  in  the  fixed  coiis 
acting  on  the  current  in  the  movable  coils. 

Fig.  5  shows  an  early  form  of  elcctrody- 
namometer  which  is  arranged  tor  use  as  an  am- 
peremeter. This  is  often  called  the  Siemens 
Electrodynamomcter.  The  coil  marked  F  is 
fastened  to  the  frame  of  the  instrument,  and 
the  coil  marked  M,  which  stands  at  right  angles 
to  the  first,  is  suspended  by  a  heavy  silk  fibre 
or  a  wire  so  that  it  is  free  to  rotate.  The  ends 
of  the  conductor  composing  the  movable  coil 
dip  into  little  cups  C  C  containing  mercury, 
and  these  are  connected  with  a  circuit  arranged 
so  that  a  current  can  enter  and  leave  the  mov- 
able coil.  The  spring  G  is  attached  at  one  end 
of  the  movable  coil,  and  at  the  other  end  it 


PlC  5. —  Siemens  Electrodynamometer. 

is  connected  to  a  thumbscrew  T  called  a  torsion 
bead,  by  means  of  which  this  spring  may  be 
twisted.  When  a  current  flows  in  the  roik,  the 
magnetic  force  tends  to  turn  the  movable  coil 
so  as  to  place  it  parallel  with  the  fixed  coil. 
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This  force  is  balanced  by  twisting  the  spring 
by  means  of  the  thumbscrew.  The  amount  of 
twist  is  shown  by  the  pointer  L$,  and  it  is  pro- 
portional to  the  force  cxerteJ  by  the  coils  on 
each  other,  which  in  turn  is  proportional  to 
the  square  of  the  current  flowing  in  the  circuit. 
The  pointer  S  indicates  when  the  movable  coil 
is  at  its  "zero  position. 


Kiii.  6  —  Kelvin  Balane*. 


Very  accurate  and  permanent  standard  in- 
struments have  been  designed  for  measuring 
currents  by  this  direct  magnetic  action,  but  they 
have  not  been  made  sufficiently  portable  to 
bring  them  into  much  use.  The  most  important 
of  those  are  the  current  balances  of  Lord  Kel- 
vin, one  of  which  is  illustrated  in  Fig.  6.  The 
fixed  and  movable  coils  in  these  Kelvin  balances 
are  parallel  to  each  other  and  horizontal.  The 
force  with  which  the  coils  tend  to  move  with 
respect  to  each  other  when  a  current  flows  in 
them  is  directly  balanced  and  weighed  bv  means 
of  a  slider  moving  on  a  scale  beam.  In  order 
to  avoid  any  disturbing  effect  from  the  earth's 
magnetism,  coils  arc  placed  at  both  ends  of  the 
balance  arm 

Instruments  utilizing  the  heating  effect  of 
the  current  are  usually  called  ■hot-wire"  in- 
struments. If  the  heated  wire  is  carefully  en- 
closed so  that  its  temperature  is  not  affected 
by  air  currents,  it  will  rise  a  definite  number 
of  degrees  in  temperature  for  each  current  that 
is  passed  through  it  and  this  rise  is  approxi- 
mately proportional  to  the  square  of  the  cur- 
rent. This  heating  of  the  wire  is  indicated  by 
its  expansion  in  length;  and  the  wire,  if  prop- 
erly selected  and  protected,  will  take  up  a  cor- 
responding length  with  each  current  which  may 
flow  through  it,  so  that  measuring  its  length 
is  equivalent  to  measuring  the  square  of  the 
current.  A  simple  model  of  an  amperemeter 
depending  upon  this  action  is  illustrated  in 
Fig.  7.  The  long,  thin  wire  is  clasped  at  one 
end  in  a  stationary  binding  post  and  the  other 


end  is  wrapped  around  and  fastened  to  a  small 
wheel  of  metal.  This  wheel  is  supported  on 
steel  pivots,  one  of  which  is  connected  to 
another  binding  post.  The  wire  is  kept  under 
a  constant  strain  by  means  of  a  spring  which 
is  fastened  to  the  periphery  of  the  wheel.  When 
the  wire  is  heated  and  thereby  lengthened,  the 
wheel  is  turned  by  the  contraction  of  the  spring 


and  a  pointer  which  moves  over  a  graduated 
scale  indicates  the  amount  of  expansion  of  the 
wire.  When  the  wire  cools  again  and  con- 
tracts, the  wheel  is  pulled  back  into  its  old 
position  by  the  shortening  of  the  wire. 

A  refined  instrument  of  this  type  suitable 
for  reasonably  accurate  measurements,  is  illus- 
trated in  Fig.  8.  The  extension  of  the  measur- 
ing wire  A  B  is  indicated  by  a  pointer  moved  by 
mechanism  attached  to  the  pulley  D.  The  case 
protects  the  wire  from  air  currents  and  the 
use  of  two  stretched  wires,  A  B  and  B  C,  through 
only  one  of  which  the  current  to  be  measured 
flows,  neutralizes  the  effect  of  the  general  tem- 
perature of  the  surrounding  air. 

Instruments  of  this  type  are  particularly 
useful  in  measuring  the  high  frequency  cur- 
rents of  radio  telegraphy. 

Instruments  for  measuring  electrical  pres- 
sures, in  volts,  may  be  made  of  the  same  forms 
as  the  ammeters  utilizing  the  magnetic  effects 
and  the  heating  effects  of  electric  currents. 
Such  instruments  arc  ordinarily  called  volt- 
meters  and  when  they  arc  constructed  to  utilize 
the  aforenamed  effects  of  the  electric  current 
they  are  really  ammeters  wound  with  coils  of 


Pic.  8. 


high  resistance  so  that  very  little  current  will 
be  wasted  in  the  process  of  making  the  meas- 
urements of  the  voltage.  Such  an  instrument 
really  measures  the  very  small  current  that  is 
caused  to  flow  through  the  resistance  of  its 
winding  by  the  voltage  to  be  measured.  The 
resistance  of  the  instrument  is  of  constant  value 
and  the  voltage  is  therefore  directly  propor- 
tional to  the  flow  of  current  through  the  in- 
strument. It  is  consequently  possible  to  grad- 
uate the  scale  so  that  the  position  of  the  pointer 
indicates  volts. 

In  most  ammeters  and  voltmeters  the  scales 
are  so  divided  and  marked  that  the  divisions 
read  directly  in  amperes  and  volts.  These  in- 
struments arc  generally  called  "direct  reading* 
instruments. 

Currents  which  rapidly  alternate  in  direc- 
tion cannot  be  measured  by  magnetic  instru- 
ments like  the  Weston  instruments  having  per- 
manent magnets;  but  they  can  be  measttrea  by 
instruments  having  soft  iron  parts  which  are 
moved  by  the  magnetic  attraction  set  up  by  the 
current  in  the  coils  of  the  instrument,  or  by 
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instruments  of  the  electrodynamometer  class 
or  by  hot  wire  instruments.  In  the  first  class 
of  instruments,  the  soft  iron  core  is  always  at- 
tracted by  the  coil  in  which  current  flows,  with- 
out regard  to  the  direction  of  the  current  and 
the  attraction  in  an  electrodynamometer  is  also 
independent  of  the  direction  of  the  current  be- 
cause the  current  reverses  at  the  same  time  in 
both  coils.    Any  iron  cores  which  arc  used  in 


Fia  o.—  Thomson  Alternating  Current  Am 
Voltmeter,  in  which  magnetic  effect  of 
of  soft  iron. 
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instruments  designed  to  measure  these  alter- 
nating currents  must  be  built  up  from  thin 
strips  or  fine  iron  wires  so  that  induced  eddy 
currents  shall  not  be  set  up  in  them  by  the 
reversals  of  the  magnetism.  The  working  parts 
of  an  instrument  which  operates  by  the  attrac- 
tion of  the  coil  D  upon  a  thin  iron  strip  C,  arc 
illustrated  in  Fig.  9,  the  exterior  of  the  case 
having  been  removed  so  that  the  working  parts 
shall  be  exposed. 

The  heating  effect  of  currents  is  also  inde- 
pendent of  the  direction  of  the  current  flow, 
so  that  hot  wire  instruments  may  be  used  for 
measuring  alternating  currents  and  voltages. 

When  very  large  currents  are  to  be  meas- 
ured, it  is  often  inconvenient  and  expensive  to 
build  an  ammeter  with  conductors  large  enough 
to  carry  the  entire  current.  In  these  instances 
an  ammeter  of  small  capacity  may  be  shunted 
by  a  German  silver  wire  or  rod  and  the  shunted 
instrument  may  then  be  calibrated  and  used 
to  measure  the  large  current.  This  arrange- 
ment has  become  quite  universal  in  the  large 
electric  light  works  where  very  great  currents 
are  to  be  measured  and  it  is  not  uncommon  in 
ordinary  portable  instruments.  Indeed,  nearly 
all  Weston  self-contained  ammeters,  such  as 
illustrated  in  Fig.  3,  consist  of  a  milli-ammcter 
arranged  with  a  proper  shunt  E  inside  the  case. 

An  entirely  distinct  method  of  measuring 
voltage  is  by  means  of  electrometers,  and  when 
these  are  converted  into  portable  form  for 
everyday  use  they  arc  called  electrostatic  volt- 
meters. They  arc  particularly  useful  for  meas- 
suring  alternating  voltages. 

The  electric  power  which  is  used  in  any 
part  of  a  continuous  current  circuit  may  be 
determined  by  measuring  by  means  of  an  am- 
meter the  current  flowing  through  the  circuit 
and  measuring  by  means  of  a  voltmeter  the 
voltage  at  the  terminals  of  the  circuit.  In 
a  direct  current  circuit  the  product  of  the  num- 
ber of  amperes  bv  the  number  of  volts  gives 
the  power  in  watts.    This  product  called  the 


volt-amperes,  however,  differs  from  the  watts 
in  an  alternating  current  circuit  when  the  power 
factor  is  less  than  unity  and  a  summation  of 
instantaneous  values  of  the  product  must  be 
secured.  Instruments  are  made  which  in  them- 
selves perform  this  double  measurement  and 
multiplication  so  that  their  indications  are 
directly  proportional  to  power  and  these  in- 
struments arc  called  wattmeters.  The  simplest 
form  is  an  electrodynamometer  in  which  one 
coil  is  wound  with  many  turns  of  fine  wire 
exactly  as  though  it  were  to  be  used  as  a  volt- 
meter coiNand  the  other  coil  is  wound  with  a 
few  turns  of  coarse  wire  as  though  it  were  to 
be  used  in  an  ammeter. 

The  action  of  such  a  wattmeter  is  best  ex- 
plained by  an  illustration.  Suppose  it  is  de- 
sired to  measure  the  power  used  by  an  electric 
motor  —  the  fine  wire  coil  of  the  wattmeter 
is  connected  across  the  terminals  of  the 
motor  and  the  coarse  wire  coil  of  the  wattmeter 
is  connected  in  series  with  the  motor.  The 
magnetic  effect  of  the  fine  wire  coil  is  then 
proportional  to  the  voltage  at  the  motor  ter- 
minals and  the  magnetic  effect  of  the  coarse 
wire  coil  is  proportional  to  the  current  flowing 
through  the  motor.  The  force  exerted  at  any 
instant,  to  move  the  movable  coil,  is  propor- 
tional to  the  product  at  that  instant  of  the  two 
magnetic  effects  and  the  pointer  moves  over 
the  scale  so  as  to  indicate  the  average  force, 
thereby  indicating  the  watts  which  are  trans- 
mitted through  the  circuit. 

The  connection  of  a  wattmeter  in  a  circuit 
is  diagrammatically  illustrated  in  Fig.  10,  where 
W  is  the  wattmeter,  V  V  are  the  terminals  of 
the  fine  wire  coil  and  C  C  are  the  terminals 
of  the  coarse  wire  coil.  This  figure  is  intended 
to  show  a  dynamo  furnishing  current  to  a  set 
of  incandescent  lamps  L  L  L  L  L,  and  the  watt- 
meter is  introduced  in  circuit  for  the  purpose 
of  measuring  the  power  delivered  to  the  lamps. 

The  number  of  alterations  made  in  each 
second  by  the  alternating  currents  that  arc 
ordinarily  used  in  practice  is  so  great  that  the 
movable  coil  of  an  electrodynamometer  acts 
exactly  as  though  it  were  pulled  around  by  a 
continuous  force  proportional  to  the  average 
of  the  variable  force  which  results  from  the 
magnetic  action  of  the  alternating  current. 
This  is  true  whether  the  instrument  is  arranged 
to  be  used  as  an  alternating-current  ammeter, 
in  which  instance  the  two  coils  arc  placed  in 
scries  with  each  other  and  both  are  of  low 
resistance ;  or  the  instrument  is  arranged  to  be 
used  as  a  voltmeter,  in  which  instance  the  two 


Pig.  10.—  Illustration  of  the  manner  in  which  the  cc 
a  Wattmeter  are  connected  with  the  main  circuit. 

coils  arc  connected  in  series  with  each  other 
but  both  are  of  relatively  high  resistance  and 
their  resistance  is  re-en  forced  by  that  of  a 
supplementary  non-inductive  coil  of  high  re- 
sistance; or  the  instrument  is  arranged  for  use 
as  a  wattmeter,  in  which  instance  one  of  the 
coils  is  of  low  resistance  and  is  a  current  coil 
to  be  connected  in  series  with  the  main  circuit, 
while  the  other  coil  is  a  fine  wire  coil  of  high 
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resistance  re-enforced  by  a  supplementary  non- 
inductive  resistance  coil  and  is  a  voltage  coil 
to  be  connected  across  the  terminals  of  the 
circuit. 

The  wattmeter  already  described  is  called 
an  indicating  wattmeter,  but  it  is  often  desirable 
to  make  a  registry  of  the  integrated  consump- 
tion of  energy  by  a  customer  during  a  given 
period,  such  as  a  month,  and  such  an  instrument 
is  illustrated  in  Fig.  11,  which  is  called  the 
Thomson  watthour  meter.  This  is  built  like  a 
little  electric  motor  without  any  iron  in  its  work- 
ing parts.  It  is  arranged  with  its  revolving  part 
or  armature  A  to  be  connected  to  the  circuit  like 
the  fine  wire  coils  of  a  wattmeter  and  its  field 
magnetizing  windings  W  W  to  be  connected 
in  circuit  like  the  coarse  wire  coils  of  a  watt- 
meter. The  magnetic  pull  which  tends  at  each 
instant  to  make  the  armature  rotate  is  propor- 
tional to  the  product  of  the  two  magnetizing 
effects,  so  that  the  rotative  effect,  or  torque,  is 
proportional  to  the  watts  in  the  circuit.  If 
the  speed  of  such  an  armature  is  made  propor- 
tional to  the  magnetic  pull,  it  is  easily  seen  that 
every  revolution  of  the  armature  means  a  cer- 
tain number  of  watts  used  for  a  fixed  length 
of  time.    Such  instruments  usually  have  at- 


Fig.  II. —  Thomson  Integrating  Wattmeter. 


tached  to  the  spindle  of  the  armature  a  set  of 
dials  I)  like  those  of  a  gas  meter,  which  record 
the  revolutions  and  arc  so  marked  that  the 
consumption  of  electric  energy  may  be  re- 
corded in  what  arc  known  as  "watt  hours.* 
A  more  convenient  unit  for  commercial  instru- 
ments is  the  kilowatt  hour,  each  kilowatt  hour 
being  1,000  watt  hours,  and  the  dials  of  such 
instruments  usually  read  in  kilowatt  hours. 

If  no  external  retarding  force  were  applied 
to  the  armature  of  such  an  instrument,  it 
would  tend  to  run  at  an  excessive  speed  for 
any  current  flowing  through  the  apparatus  and 
to  make  the  instrument  give  an  accurate  record 
of  power,  a  retarding  force  which  is  propor- 
tional to  the  speed  of  the  armature  must  be 
applied  to  the  spindle.  This  is  admirably  ar- 
ranged by  placing  at  the  bottom  of  the  spindle 
S  a  flat  disk  of  aluminum  C.  on  either  side  of 
which  are  placed  the  poles  of  permanent  mag- 
nets M.  The  rotation  of  the  disc  between  the 
magnet  poles  generates  electric  currents  in  it 
which  are  attracted  hy  the  magnets  and  retard 
the  motion  of  the  disc. 


When  the  power  in  alternating  current  cir- 
cuits is  to  be  measured,  it  is  necessary  to  make 
the  self-induction  of  the  fine  wire  coil  of  such 
a  wattmeter  practically  negligible  in  compari- 
son with  the  resistance  of  the  coil,  to  prevent 
the  readings  of  the  instrument  being  affected 


Pic.  u. 


by  the  frequency  of  the  alterations  of  the  cur- 
rent. This  is  brought  about  by  introducing  a 
coil  of  high  resistance  and  of  practically  no 
self-induction  in  series  with  the  fine  wire  mov- 
ing coil  of  the  instrument. 

Another  form,  called  an  "induction  watt- 
hour  meter"  is  usually  used  for  recording  the 
watthours  in  alternating  current  circuits.  This 
instrument  in  its  simplest  form  illustrated  in 
Fig.  12,  consists  of  coarse  wire  coils  F  F  and 
a  Tine  wire  coil  C  connected  to  the  circuit  as 
in  a  wattmeter.  The  iron  core  of  the  fine  wire 
coils  is  adjusted  so  that  the  magnetic  flux  lags 
in  phase,  90  degrees  behind  the  phase  of  the 
voltage,  thus  producing  a  magnetic  field  out 
of  phase  with  the  magnetic  field  produced  by 
the  coarse  wire  coil.  These  two  magnetic  fields 
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act  on  an  aluminum  disc  armature  D  and  cause 
it  to  rotate  like  the  armature  of  an  induction 
motor.  Permanent  magnets  are  associated  with 
the  disc  so  as  to  cause  the  retardation  of  the 
rotation  as  in  the  Thomson  watthour  meter. 

Sometimes  a  continuous  record  of  amperes, 
volts  or  watts  is  desired  and  in  that  case  the 
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pointer  of  an  indicating  instrument  is  tipped 
with  a  pen  which  plays  over  a  moving  dial  or 
strip  of  paper,  thus  leaving  a  record  of 
changes  in  the  circuit.  Instruments  thus 
equipped  arc  called  curve-drawing  instruments. 
Fig,  13  shows  part  of  a  record  taken  from  a 
curve  drawing  wattmeter. 

Various  other  instruments  are  used  in  elec- 
tric circuits,  such  as  those  indicating  the  power 
factor  of  alternating  current  circuits,  called 
power  factor  meters;  those  indicating  the  fre- 
quency of  alternating  currents,  called  fre- 
quency meters;  and  those  indicating  the  phase 
and  frequency  relations  between  the  currents 
in  two  alternating  current  circuits,  called  phase 
meters  or  synchroscopes.  Descriptions  of  all 
such  special  instruments  may  be  found  in 
standard  works  on  electrical  engineering. 

Bibliography. —  For  further  information  in 
regard  to  electrical  measuring  instruments  con- 
sult Jackson,  D.  C.  and  J.  P.,  'Elementary  Book 
on  Electricity  and  Magnetism';  Laws,  "Elec- 
trical Measurements' ;  Swenson  and  Frankon- 
field.  'The  Testing  of  Electro-magnetic  Ma- 
chinery- and  Other  Apparatus';  Gerhardi. 
'Electricity  Meters:  Their  Construction  and 
Management',  and  other  treatises. 

Dugald  C.  Jackson, 
Professor   of  Electrical  Engineering,  Massa- 
chusetts Institute  of  Technology. 

ELECTRICAL     RESISTANCE.  See 

Resistance,  Electrical. 

ELECTRICAL  TERMS.  The  develop- 
ment of  electrical  industries  and  applications 
during  the  last  20  years  has  been  so  rapid  and 
considerable  as  to  constitute  one  of  the  salient 
characteristics  of  this  era.  Prior  to  that  time 
a  knowledge  of  electrical  phenomena,  terms 
and  phrases  was  limited  to  a  few  philosophic- 
ally minded  persons.  During  that  time,  how- 
ever, this  knowledge  has  not  only  spread  to 
a  large  professional  and  artisan  class  enlisting 
to-day  more  than  a  million  persons  in  the 
United  S»atc«  alone;  but  has  also  extended  in  a 
considerable  measure  to  the  public  at  large.  We 
can  hardly  read  through  the  news  of  a  day  in 
the  columns  of  a  newspaper  without  encounter- 
ing electro-technical  words  or  phrases.  The 
telegraph  delivers  its  messages  at  every  door. 
The  telephone  whispers  into  thousands  of  house- 
holds in  every  large  city.  The  electric  light 
shares  with  the  primeval  flame  the  brightening 
of  the  evening  fireside.  These  things  speak 
in  a  language  of  their  own  and  force  their  own 
terms  upon  our  speech.  The  following  is  a 
list  of  about  100  of  the  electrical  terms  in  very 
general  use : 

Aii-Blast  Transformer. —  A  transformer  which  is  cooled 
when  operating,  by  a  blast  of  air  delivered  through  its 
framework. 

Alternating  Current. —  A  current  which  periodically 
alternates,  or  reverses  in  direction  —  A  to-and-fro  electric 
current;  in  contradistinction  to  a  direct  current.  See 
Electric  Alternating  Current  Machinery. 

Ammeter. —  An  abbreviation  of  ampere-meter.  An  in- 
strument which  measures  in  amperes  the  electric  current 
flowing  through  it. 

Ampere.  International. —  A  unit  of  electric  flow  or  current, 
theoretically  derived,  by  electromagnetic  principles,  from 
the  centimeter-gramme-second  system  of  units.  Practi- 
cally defined  as  the  current  which  will  deposit  1.118 
rnillisrrarnmes  of  silver  per  second  in  a  standard  type  of 
electrodepositing  hath. 

Amoob. —  The  electrode  from  which  a  ctirront  enters  an 
electrolyte  or  conductor.    A  positive  electrode. 

Arc  Lamp. —  An  elei-trir  lump  consisting  essentially  of 
a  column  of  intenwlv  heated  vapor  maintained  * 
two  closely  opposed,  or  slighUy  separated, 


pencils  which  are  usually  of  carbon.  Much  used  for  the 
illumination  of  streets,  factories,  and  grounds.  See 
Electric  Lighting. 

Armature. —  In  an  electromagnet,  the  movable  element 
of  iron  or  steel  which  is  attracted  to.  or  released  from, 
the  poles.  In  a  dynamo,  the  element  which  is  connected 
with  the  line,  and  which  is  subject  to  rapid  cyclical  changes 
in  magnetic  flux  during  operation. 

Asynchronous  Motor. —  An  alternating-current  motor  in 
which  the  rotation  is  not  synchronous  with  the  rotating 
element  of  the  generator  supplying  the  driving  current. 
See  Electric  Alternating  Current  Machinery. 

Branch-Fusf. —  A  fuse  inserted  in  a  branch  wire  or  circuit. 

Brushes  of  a  Dynamo-Electric  Machine. —  The  con- 
ductors which  convey  current  from  one  element  to  another, 
when  there  is  relative  motion  between  them.  Usually, 
stationary  conductors  resting  upon  a  rotating  commutator 
and  carrying  current  either  to  or  from  the  same.  See 
Generaiors. 

Bus-Bars. —  An  abbreviation  of  "Omnibus-bars."  The 
main  conductors  in  a  central  station,  to  which  generators 
or  feed-wires  may  be  connected. 

Canopy.  —  In  electric  wiring  of  building,  a  metallic  plate 
or  disc  attached  to  a  wall  or  ceiling  at  an  outlet  to  conceal 
the  hole  made  where  the  wires  protrude. 

Cathode. —  The  electrode  by  which  a  current  leaves  an 
electrolyte  or  conductor.    A  negative  electrode. 

Ceiling- Rosette. —  An  insulating  block  fastened  to  a 
celling,  in  which  electric  supply  wires  terminate,  and 
from  which  a  pendant  flexible  cord,  or  other  pair  of  con- 
ductors, descend  to  a  lamp  or  fixture.  Usually  circular 
in  form  and  fairly  ornate  in  appearance. 

Circuit-Breaker.  Electric. —  (I)  A  device  for  opening 
and  restoring  a  circuit,  either  by  hand  at  will  or  auto- 
matically, in  the  case  of  an  overload.  (2)  A  switch  that 
automatically  opens  at  overload,  usually  by  electromag- 
net c  mechanism. 

Coherer. —  In  radio  telegraphy,  a  receiving  device  con- 
sisting of  an  imperfect  contact,  the  resistance  of  which 
is  broken  down  on  the  passage  of  an  electric  wave,  thereby 
enabling  an  electromagnetic  mechanism  to  respond. 

COMMITTOR.—  A  device  for  commuting  or  changing  the 
direction  or  path  of  a  current.  In  a  dynamo,  the  element 
which  enables  the  alternating  currents  generated  within 
the  anrature  to  be  delivered  as  a  unidirectional  current 
to  the  external  circuit. 

Compound  Motor  or  Generator. —  A  motor  or  generator 
having  both  a  shunt  winding  and  a  series  winding  on  its 


Continuous  Current. —  A  current  uniform  both  in  i 

and  in  direction.    A  steady  direct  < 
Controller. —  A  device  for  contr 
or  circuit.    A  controlling  switch. 
Converter  or  Rotary  Converter.— A  machine  which 
operates  by  means  of  a  rotating  commutator  to  convert 
alternating  currents  into  direct  currents  for  distribution. 
Current.  Electric —  A  flow  or  passage  of  electricity 
along  an  electric  circuit,  usually  measured  in  amperes. 
Cut-Out,    Electric. —  (I)  A    device    for  automatically 
interrupting  an  electric  circuit  in   which  an  excessive 
currmt  flows,  by  the  me  tng  of  a  fuse-wire  or  strip 
carrying  the  current  and  heated  thereby.    (2)  A  device 
for  supporting  or  holding  an  electric  fuse. 
Dirletric. —  An  insulating  material  capable  of  being  sub- 
jected to  electric  stress. 
Direct  Current. —  A  current  which,  however  greatly  it 
may  vary  in  strength,  always  flows  in  one  and  the  same 
direction.    A     undirectional     current.    See  Electric 
Direct  Current. 
Duplex  Telegraphy. —  The  method  of 
in  both  directions  simultaneously  over  ■ 
telegraph  wire.    See  Telegraphy. 
Efficiency  of  a   Dynamo,   Machine,    Apparatus  or 
Translating  Device. —  The  ratio  of  the  power  given 


in  per  cent. 


out  of  the  power  taken  in,  usually 

The  ratio  of  output  to  input.  A  measure  of  the  effective- 
ness of  transformation  or  utilisation  of  power  by  a 
device.  Example,  a  motor  which  delivered  9  horse 
power,  mechanically,  while  receiving  10  horse  power, 
electrically,  would  have  an  efficiency  of  90  per  cent. 

Electrode. —  The  conducting  terminal  by  which  electricity 
finds  either  ingress  to.  or  cgTcss  from,  an 
conducting  mass  or  a  dielectric.    Commonly,  a 
plate  immersed  in  an  electrolytic  solution. 

Electrolysis. —  The  chemical  change  accompanying  the 
flow  of  electricity  through  electrolytes,  to  which  class 
nearly  all  conducting  liquids  belong.    See  Ei.kctrolvsis. 

Electromagnet. —  A  magnet  excited  by  an  electric  current 
and  whose  magnetism  mainly  disappears  on  the  cessation 
of  the  exciting  current. 

Ei.kctromotivk  Porce  (abbreviated  E.M.P.). —  The  force 
in  an  electric  circuit  which  produces  therein,  or  tends 
to  produce,  an  electric  discharge  or  current.  Electric 
pressure.    Voltage.    Usually  measured  in  volts. 

Enclosed  Arc  Lamp. —  An  arc  lamp  enclosed  almost  air- 
tight within  a  narrow  glass  k1"1«.  from  which  the  oxygen 
in  the  contained  air  soon  becomes  cor.su med  during 
operation,  thus  leaving  the  carbons  burning  in  inert  gas 
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and  greatly  prolonging  the  duration  o(  their  serviceable     Microphonic. —  An 


t.—  In  an  electric  distributing  system,  a  supply 
ductor  carrying  current  from  a  power-house  to  main 
conductors,  and  not  itself  connected  to  motors,  lamps  or 
translating  device*. 
Fixture,  Electric-light. —  Originally,  an  electric  lamp- 
holder  fixed  to  a  wall  or  ceiling.    Now,  any  electric  lamp- 
holder  whether  fixed  or  semi-portable. 
Frequency  or  an  Alternating  Current. —  The  numlier 
of  complete  cycles,  or  to-and-fro  motions,  effected  by  the 
current  in  one  second  of  time. 
Galvanometer. —  An  instrument  for  measuring  the  strength 
of  an  electric  current.    Usually  a  sensitive  instrument 
which  measures  the  strength  of  a  very  feeble  current,  as 
distinguished  from  an  ammeter. 
Galvanoscope. —  An  instrument  for  detecting  the  passa^c 

of  an  electric  current. 
Generator,  Electric. —  A  machine  which  is  capable  of 
generating  an  electric  current.  Usually  a  dynamo-electric 
generator  or  dynamo. 
Ground. —  (I)  The  earth,  considered  as  an  electric  con- 
ductor. (2)  A  return  circuit  provided  through  the  ground. 
(3)  A  fault  or  leak  of  electricity  to  the  earth  through  a 
defect  in  the  insulation  of  a  conductor.  See  Electric 
Condenser. 

High-Potential  System. —  In  electric  distribution,  a 
system  of  conductors,  generators  and  translating  device* 
in  which  the  pressure  r  voltages  is  relatively  high. 
Specifically,  an  electric  distributing  system,  which,  accord- 
ing to  fire  insurance  rules,  has  within  it  a  pressure  of 
over  SSO  volts  and  less  than  3.500  volts. 
Incandescent  Lamp. —  An  electric  lamp  consisting  es- 
sentially of  a  glowing  filamentary  conductor*  maintained 
nt  temperature  by  a  traversing 
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Induction  Motor. —  An  asynchronous  alternating-current 
motor  in  whicn  the  currents  flowing  in  the  winding  of 
the  secondary  member  are  induced  electromagnctically 
by  the  current*  flowing  in  the  primary  member.  See 
Electric  Alternating  Current  Machinery;  Electric 
Motors;  Generators. 

Insulation,  Electric. —  The  property  of  nonconduction. 
Particularly  the  property  possessed  by  a  conductor  when 
it  is  kept  out  of  contact  with,  or  out  of  likelihood  of  dis- 
charge to,  the  ground  or  neighboring  conductors- 

Intbrior  Conduit. —  A  tube  or  raceway  placed  in  the 
interior  walls,  floors  or  ceilings  of  a  building,  to  guide, 
hold  and  protect  the  wires  or  conductors  supplying  the 
building. 

Joule,  international. —  A  unit  of  work  theoretically 
derived  from  the  centimeter -gramme-second  system  of 
units  and  equal  to  10,000,000  erg*.  Approximately  equal 
to  0.74  foot-pound. 
Kilowatt  Hour. —  A  unit  of  work  generally  used  in  the 
,  sale  of  electric  energy.  One  thousand  watt  hours, 
3.600,000  joules;  approximately  2,700,000  foot-pounds  or 
1.200  long-foot-tons,  or  1.34  horse-power  hours.  The 
work  done  by  one  ampere  under  a  pressure  of  1,000  volts 
in  one  hour. 

Lightning  Arrester. —  A  device  connected  to  an  electric 
circuit  or  system  for  the  purpose  of  protecting  the  system 
from  damage  by  atmospheric  electricity.  Commonly  a 
device  connected  to  an  aerial  line  either  on  a  pole  or  near 
the  point  of  entrance  to  a  station,  and  offering  a  separate 
conducting  path  to  ground  along  which  lightning  dis- 
charges may  be  deflected.  See  Generators; 
Lightning  Arrestee. 

Load. —  The  output  of.  or  demand  upon  a  machine,  usually 
measured  either  in  terms  of  current  delivered  or  of  power 
delivered.  A  load  may  be  light,  heavy,  normal,  full, 
half,  excessive,  etc.,  according  to  the  output  of  the  machine 
ftt  the  ttt*r*i£  co nsidPTttd 

Low  Potential  System  —  In  electric  distribution,  a  system 
of  conductors,  generators  and  translating  devices  in  which 
the  firessurc  or  voltage  is  relatively  low.  Specifically, 
an  electric  distributing  system,  which,  according  to  fire 
insurance  rules,  has  within  it  a  pressure  less  than  SSO 
volts  and  more  than  10  volts. 

Magnectic  I'ikld.— Any  region  in  space  permeated  by 
magnetism.  A  magnetised  space.  Commonly  a  mag- 
netized air-space. 

Magnetic  Flux. —  The  magnetism  or  magnetic  influence 
which  permeates  a  magnetic  field.  This  influence  possesses 
at  anv  point  both  intensity  and  direction.  Uy  reference 
to  these  properties,  the  maKnetic  lines  of  influciue  may  l>e 
conceived  of  as  stream  lines  or  lines  of  magnetic  flow  or 
flux,  am!  may  be  expressed  in  terms  of  a  unit  named 
the  .Wuvuvtf. 

Mains. —  In  an  electric  distributing  system,  the  street- 
supply  conductors,  to  which  the  house-service  wires  are 
connected.  The  main  conductors  intended  for  connecting 
to  lamps,  motors  or  devices  at  any  point  along  their 
route.  In  house-wiring,  the  principal  supply  wires,  as 
distinguished  from  submains.  taps  or  branches. 

Megohm. —  A  million  ohms;  derived  from  "  Ohm  "  and 
the  prefix  "  mrt'n  "  signifying  by  convention  one  million, 
and  literally,  in  ancient  or  modern  Greek.  '*  great." 


apparatus  caps 

by  very  feeble 
such  sounds  to  be 
telephone  in  the  circuit.  In 
nutter  connected  with  the 
speaker's  voice  is  directed. 
Morse  Code.—  The  code  of  dot*  and  dashes  forming  the 

alphabet  of  the  Morse  system.    See  Telegraphy. 
Morse  System  or  Telegraphy. —  The  system  of  i 
fcv  originally  devised  bv  Samuel  Morse,  in  which  an  el< 
magnet  placed  in  the  telegraph  line  circuit  responds  to 
impulses  of  the  sender's  key,  and  actuates   an  armature 
in  such  a  manner  as  to  give  either  audible  or  legible  signals 
to  the  receiving  operator.    Sec  Telegraphy. 
Motor.  Electric. —  A  machine  f dt  transforming  electric 
power  into  utili  cable  mechanical  power.    Motors  almost 
invariably  operate  on  electro  magnetic  principles.  See 
Electric  Alternating  Current  Machinery;  Electric 
Moron;  Generators. 
Motor-Starter.—  An  automatically  operating  device  for 
starting  a  motor  from  rest  with  a  proper  rate  of  acceleration 
by  the  simple  act  of  closing  a  switch. 
Multipolar  Dynamo. —  A  dynamo  having  more  than  one 

pair  of  magnetic  poles  in  its  field  frame. 
Ohm.  International.  —  A  unit  of  electric  resistance,  theo- 
retically derived,  by  electromagnetic  principles,  from  the 
centuneter-iframme-second  system  of  units.  Practically 
defined  as  the  resistance  offered  by  a  uniform  column  of 
pure  mercury  106.3  centimeters  long  and  weighing  14.4521 
grammes,  at  the  temperature  of  melting  ice. 
Oil-Cooled  Transformer. —  A  transformer  which  is 
cooled,  when  operating,  by  a  flow  of  oil  through  its  frame- 
work. 

Oscillating  Current. —  An  alternating  current  or  dis- 
charge, gradually  or  rapidly  decreasing  to  xero  intensity. 

Overload. —  An  excessive  load  or  duty  imposed  upon  * 
machine  or  device.    An  abnormal  or  an  extra  load. 

Phame. —  The  fractional  development  of  an  alternatins 
electric  wave  with  reference  to  a  cylic  condition  such  at 
the  sero  point  in  the  positive  direction.  Usually  measured 
in  degree*  of  360  to  the  complete  cycle. 

Polyphase  System. —  An  alternating-current  distributing 
system  employing  a  plurality  of  alternating  currents 
definitely  differing  in  phase.  See  Electric  Alter- 
nating Current  Machinery. 

Powkr-Pactor.—  The  ratio  of  the  active  power,  in  watt*, 
absorbed  by  a  circuit  or  conductor  carrying  an  alternating 
current,  to  the  apparent  power  consumed,  in  volt  arr  nerr*. 

Primary  Voltaic  Cell. —  A  voltaic  cell  which  derives  its 
energy  from  its  chemical  constituents  and  which  consumes 
or  converts  th'^ee  constituents  irreversibly  during  action; 
as  distinguished  from  a  secondary  cell  which,  after  dis- 
charging, may  be  recharged  by  the  action  of  an  electrical 


Quadruple*  Telegraphy.—  The  method  of  sending  four 
messages  simultaneously  over  one  and  the  same  telegraph 
wire,  two  in  one  direction  and  two  in  the  opposite  direction. 
See  Telegraphy. 

Rail-Bonds.—  The  conducting  straps  or  bridges  applied 
between  contiguous  ends  of  rail*  in  an  electric  railway 
in  order  to  improve  their  electric  conducting  power. 

Relay. —  An  apparatus,  usually  electromagnetic,  which 
controls  and  operates  a  local  circuit  by  opening  or  closing 
the  same.  In  telegraphy,  a  sensitive  electromagnet 
inserted  in  the  teltvraph  line  which,  by  the  movement 
of  iu  armature,  operate*  a  sounder,  or  other  translating 
device,  in  a  local  circuit,  with  a  vigor  that  the  line  current 
could  not  directly  exert.  See  Generators; 
Telegraphy. 

Resistance,    Electric  —  The    property    of  conducting 
substances  by  virtue  of  which  they  obstruct  or  oppose 
the  passage  of  an  electric  current.    Usually  measured  in 
ohms.    The  opposite  or  inwrse  of  conductance. 
Riikostat.—  An  adjustable  electric  resistance. 
Rotor. —  The  rotating  clement  of  a  machine  as  distinguished 

from  the  stationary  element. 
Series  Motor  or  Generator. —  A  motor  or  generator 
whose  field-magnet  winding  is  connected  in  series  with,  or 
in  succession  to,  its  armature.     Set  Generator. 
Series-Parallel  Controller. —  A  device  on  the  platform 
of  an  electric  street  car,  operated  by  a  handle,  through 
the  aid  of  which  the  motorman  can  with  his  left  hand 
connect  the  motors  under  the  car  cither  in  series  or  in 
parallel,  so  as  to  vary  the  speed  of  the  car. 
Shade.—  In  electric  incandescent  lighting,  the  ornamental 
bell  or  cover,  usually  of  glass,  secured  over  a  lamp  in 
to  scatter  or  reflect  the  light  and  produce  cither 
distribution  of  light  or  a  more  pleasing  effect 
upon  the  eye  of  the  observer. 
Shunt. —  An  electrical   by-pass.    A   conductor   which  is 
applied  to  the  terminals  of  an  apparatus  or  branch  in 
order  to  divert  a  part  of  the  current  from  that  branch 
Siit  s-T  Motor  or  Generator. —  A  motor  or  generator 
whose  field -magnet  winding  is  connected   in  shunt  to. 
or  in  parallel  with,  its  armature.     See  GbneratoR- 
Suort-Circuit. —  A  cross  between  active  electric  conductors 
whereby   an   excessively   strong   current   is  produced. 
Usually  a  metallic  bridging  between  two  or  more  supply 
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.  whereby  a  violent  overload  of  current  . 
capable,  in  extreme  cases,  of  producing  violent  arcing, 
burning,  or  disruptive  local  effect*. 
Sixclsphass  System. —  An  alternating -current  distributing 


system  employing  a  tingle  alternating  current  supplied 
by  the  generator,  as  distinguished  from  a  polyphase 
system. 

Socket  or  Incandescent  Lamp. —  The  holder  into  which 
an  incandescent  lamp  screws  or  attaches  and  which  con- 
tains the  ends  of  electric  supply  wires,  for  supplying 
current  to  the  lamp. 

Statok. —  The  stationary  element  of  a  machine,  as  dis- 
tinguished from  the  rotating  element. 

Storage  Battery. —  A  grouping  of  secondary  or  storage 
cells.    See  Electric  Storage  Battery. 

Storage  Cell. —  A  voltaic  ce'l  which  receives  its  elec- 
trochemical energy  from  the  electrolytic  action  of  a 
charging  current.  A  voltaic  cell  which  is  alternately 
charged  and  discharged. 

Sub-Station. —  In  an  electrical  distributing  system,  a  local 
or  auxiliary  power-house  for  facilitating  the  operation  or 
control  of  the  system.  A  station  which  is  subsidiary 
to  a  principal  station  or  power-house. 

Switch.  Electric. —  Any  device  for  opening,  closing  or 
modifying  an  electric  circuit.  Usually  a  hand-operated 
device  for  opening  and  closing  a  circuit. 

Switchboard. —  An  assemblage  of  switches,  controlling  or 
indicating  devices  mounted  upon  a  frame  for  the  purpose, 
of  convenient  control  or  inspection  of  an  electric  path, 
circuit  or  system  of  circuits.  Originally,  a  board  with 
switches  mounted  on  it;  now  typically,  a  metal  frame 
holding  vertical  stabs  of  slate  or  marble,  with  switches, 
controlling;  handles,  and  indicating  or  recording  instruments 
mounted  thereon,  in  an  electric  central  station  or  dis- 
tributing centre.  In  telephony,  a  frame  holding  the 
switches  and  other  devices  by  which  connections  are 
made  between  subscribers. 

Synchronol-s  Motor.—  An  alternating-current  motor  in 
which  the  rotation  occurs  in  synchronism  with  the  rotating 
element  of  the  generator  supplying  the  driving  current. 
See  Electric  Alternating  Clresnt  Machinery. 

Third  Rail,. —  In  an  electric  railway  system,  a  supply 
conductor  running  parallel  to  the  track  and  consisting 
of  a  steel  rail  electrically  continuous  and  supported  on 
insulators,  {or  carrying  current  to  the  car-motor*.  See 
Third-Rail  System. 

Three-Phase  Svstem. —  An  alternating-current 
employing;  three  alternating  currents,  of  equal 
dinering  »n  phase  by  120*,  or  one-third  of  a  cycle. 

Three- Wire  System.—  In  electric  distribution,  the  system 
which  provides  three  main  conductors,  the  middle  one 
of  which  is  neutral,  or  midway  in  potential  between  the 
other  two. 

Torqce. —  The  twisting  effort,  rotating  effort  or  mechanical 
couple  exerted  by  a  motor  at  a  shaft.  Often  measured 
in  pounds'  weight  at  one  foot  radius. 

Transformer. —  A  device  for  changing  the  pressure  or 
current  of  electric  energy  supply.  Usually,  a  stationary 
electromagnetic  device  consisting  of  a  laminated  iron  core 
and  two  insulated  windings,  a  primary  and  a  secondary. 
The  device  transfers  electric  power  of  alternating  currents 
from  the  primary'  to  the  secondary  circuit,  and  changes 
the  voltage  in  the  ratio  of  the  number  of  turn?  in  the 
two  winding*. 

Transformer.  Step-Down.— A  transformer  which  locally 
lowers  the  electric  pressure;  i-c..  which  has  a  lesser  number 
of  turns  in  the  secondary  than  in  the  primary  winding 
and  thereby  produces  a  lower  voltage  in  the  secondary 
circuit  than  in  the  primary. 

Transformer.  Step-Up  —  A  transformer  which  locally 
raises  the  electric  pressure;  i.e..  which  has  a  greater 
number  of  turns  in  the  secondary  than  in  the  primary 
grinding  and  thereby  produces  a  higher  voltage  in  the 
secondary  circuit  than  in  the  primary. 

Translating  Device.— Any  device  actuated  electrically 
which  receives  electrical  energy  and  translates  it  into 
energy  of  some  other  type,  such  as  mechanical  energy. 

Trolley- Wheel.— The  metallic  wheel  which  is  carried 
at  the  upper  end  of  a  street-car  trolley  pole,  and  which 
is  pressed  upward  against  the  trolley  wire,  in  order  to 
maintain  running  contact  therewith. 

Tvr bo-Alternator. —  A  machine  consisting  of  an  alter- 
nating-current generator  mounted  upon  the  shaft  of  a 
steam  turbine. 

Two-Phase  System. —  An  alternating-current  system  em- 
ploying two  alternating  currents,  i  f  equal  strength, 
differing  in  phase  by  a  quarter  cycle,  or  such  that  one 
current  has  maximum  strength  when  the  other  is  passing 
through  aero. 

Two- Wire  System.— In  electric  distribution,  the  system 
which  provides  two  main  conductors,  between  which 
lamp*,  motors  or  translating  devices  are  connected  in 
parallel. 

Vapor-Lamp. —  An  electric  lamp  consisting  of  a  gloss  tube 
or  chamber  usually  containinp  mercury  and  mercury 
vapor,  exhausted  of  air.  and  kept  illumined  by  the  passage 
the  vapor  of  an  electric  current  admitted  by 
the 


Volt.  International. —  A  unit  of  electric  pressure  or 
current-driving  electric  force,  theoretically  derived,  by 
electromagnetic  principles,  from  the  centimeter -gramme- 
secottd  system  of  units.  Practically,  the  international 
volt  is  a  certain  fraction  of  the  electromotive  force  of 
a  standard  type  of  voltaic  cell  at  a  standard  temperature. 

Voltmeter. —  An  electrical  measuring  instrument  for  de- 
termining the  value  of  the  electromotive  force  connected 
to  its  terminal*.    A  voltage  measurer. 

Watt. —  A  unit  of  power,  activity,  or  rate  of  working,  equal 
to  l-746th  of  a  horse  power,  or  to  44.4  foot-pounds  per 
minute.  The  power  expended  by  a  current  of  one  ampere 
under  a  pressure  of  one  volt.  The  power  expended  by 
an  E.M.r.  of  one  volt  through  a  resistance  of  one  ohm. 
The  power  expended  by  one  ampere  through  a  resistance 
of  one  ohm.  Theoretically  derived  from  the  centirneter- 
gramme- second  electromagnetic  system  of  units. 

Watt  Hour. —  A  unit  of  work,  much  used  in  electrical 
measurements,  equal  to  the  wurk  done  in  one  hour  at  an 
activity  of  one  watt;  approximately  2,700  foot-pounds; 
exactly  3,600  joules.  The  work  done  by  one  ampere 
under  one  volt  pressure,  in  an  hour. 

Wattmeter^—  An   instrument  connected^to  an^ electric 

in  watt*. 

Wheats  tone  Bridge. —  An  instrument  devised  by  Sir 
Charles  Wheat  stone  for  measuring  electric  resistance, 
by  effecting  a  balance  between  the  resistance  to  be 
measured  and  an  adjustable  known  resistance.  The 
balance  employs  a  bridge  or  bridging  conductor,  usually 

which  dues  not  empioy  wires.  Specifically,  the  method* 
of  signaling  which  employs  invisible  electromagnetic 
waves  radiated  from  Binding  station  and  detected  at 

For  definitions  of  mechanical  terms  see  the 
articles  in  this  encyclopedia  on  Mechanical 
Terms-  Boiler  Shop  Terms;  Foundry  and 
Forge  Shop  Terms;  Engine;  Engineering  and 
Structural  Terms;  Tools;  Valve  and  Valve 
Terms;  Workshop  Terms;  and  Locomotive, 
Principal  Parts  of. 

A.  E.  Ken  nelly, 
Professor  of  Electrical  Engineering,  Harvard 
University. 

ELECTRICAL  UNITS.  Two  systems  of 
electrical  units  are  in  use  by  electricians,  known 
respectively  as  the  Practical  system  and  the 
C.  G.  S.  (centimeter-gramme  second)  system. 
The  former  is  used  in  electrical  engineering, 
the  latter  in  the  notation  of  electrical  science, 
The  Practical  system  is  sometimes  called  the 
Q.  E.  S.  (quadrant-clevcnth-second)  system. 
It  is  based  on  the  earth  quadrant,  or  ]&  cen- 
timeters as  the  unit  of  length;  10-"  gramme  as 
the  unit  of  mass;  and  the  second  as  the  unit 
of  time.  The  foundational  mechanical  units  from 
which  the  Practical  system  of  electrical  units 
is  developed  are  the  dyne  and  the  erg.  The 
dyne  is  a  unit  of  force,  assumed  to  be  that 
force  which  gives  a  weight  of  one  gramme  a 
velocity  of  one  centimeter  per  second  during 
that  second.  The  ctk  is  a  unit  of  work,  being 
the  energy  exercised  when  a  weight  of  one 
gramme  is  moved  a  distance  of  one  centimeter 
with  the  force  of  one  dyne. 

Arranged  alphabetically,  the  principal  units 
of  the  Practical  system  with  their  definitions 
and  their  ratios  to  the  units  of  the  same  class 
in  the  C.  G.  S.  system  are  as  follows: 

Ampere  (the  unit  of  current)— the  rate, 
or  volume-pcr-second,  of  current  flowing 
through  a  conductor  in  which  the  resistance  is 
one  onm,  when  the  pressure  is  one  volt.  It  is 
one-tenth  of  the  C.  G.  S.  unit  of  current, 
designated  as  lfr1 —  that  is,  10  to  the  — 1  power. 

Coulomb  (the  unit  of  quantity) — the 
quantity^  of  electricity  passing  through  a  con- 
ductor in  one  second  when  the  rate  is  one 
ampere.     This   unit   is  not   often  employed. 
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Quantity  is  generally  designated  in  ampere 
hours,  an  ampere  hour  being  3,600  coulombs. 
The  coulomb  is  10-'  C.  G.  S.  units  of  quantity. 

Farad  (the  unit  of  capacity)  -  the  capacity 
of  a  condenser  which  would  require  a  charge 
of  one  coulomb  to  establish  a  difference  of 
potential  amounting  to  one  volt  between  the  two 
conductors  forming  the  condenser.  The  farad 
being  expressed  by  figures  inconveniently 
large,  the  micro-farad,  the  one-millionth  part 
of  a  farad,  is  commonly  used.  A  farad  is 
equal  to  10-'  C.  G.  S.  units  of  capacity. 

Henry  (the  unit  of  inductance) — the  in- 
ductance produced  in  a  circuit  when  the  cur- 
rent is  changing  at  the  rate  of  one  ampere  per 
second  and  is  producing  in  the  circuit  a  dif- 
ference of  pressure  amounting  to  one  volt.  A 
henry  is  equal  to  10"  C.  G.  S.  units  of  inductance. 

Joule  (the  unit  of  work)  — the  work  done 
by  one  ampere  of  current  flowing  for  one 
second  through  a  conductor  which  has  a  re- 
sistance of  one  ohm.  The  joule  is  seldom  em- 
ployed, the  watt  hour  being  the  more  common 
unit,  equivalent  to  3,600  joules.  (See  Watt). 
The  joule  is  equal  to  10'  C.  G.  S.  units  of  work 
—  that  is,  10'  ergs. 

Ohm  (the  unit  of  resistance)  —  the  resist- 
ance of  a  column  of  mercury  weighing  14.4521 
grammes,  of  such  constant  cross-section  as  to  be 
1063  centimeters  in  length.  In  designating 
very  high  resistances  the  unit  used  is  the 
"megohm,^  equivalent  to  1,000,000  ohms.  The 
ohm  is  10"  C.  G.  S.  units  or  resistance. 

Volt  (the  unit  of  pressure)  • the  electro- 
motive force  (E.  M.  F.)  required  to  force  a 
steady  current  of  one  ampere  against  a  re- 
sistance of  one  ohm.  The  volt  is  equal  to  10" 
C.  G.  S.  units  of  pressure. 

Watt  (the  unit  of  power) — a  current  of 
one  ampere  flowing  under  a  pressure  of  one 
volt  —  equivalent  to  one  joule  per  second.  The 
usual  commercial  unit  is  the  kilowatt,  or  1,000 
watts.  The  commercial  consumption  of  electric 
current  is  commonly  designated  as  kilowatt 
hours.  The  physical  unit  of  power  called  one 
horse  power  is  equivalent  to  746  watts.  The 
watt  is  equal  to  lO'  C.  G.  S.  units  of  power  — 
that  is,  10'  crgs-pcr-second. 

ELECTRICITY  is  a  form  of  energy  (q.v.), 
like  mechanical  energy  or  energy  of  motion, 
heat,  radiant  energy  ^as  light),  chemical  energy, 
etc.  Electric  energy  is  the  form  of  energy  most 
recently  introduced  into  everyday  life  and  is, 
therefore,  not  yet  quite  familiar,  so  that  we  still 
ask,  "What  is  electricity'"  while  ages  ago  man- 
kind ceased  to  ask,  "What  is  gravity?9  or 
"What  is  light?"  although  the  manifestations  of 
electric  energy  are  no  more  wonderful  and  in- 
explainable  than  those  of  gravity.  That  is,  the 
cause  why  a  stone  falls  to  the  ground  and  water 
flows  down  hill  is  just  as  mysterious  as  the 
manifestations  of  electricity.  In  nature  electric 
energy  manifests  itself  during  atmospheric  dis- 
turbances as  lightning  (q.v.).  hut  the  energy  of 
lightning  is  too  erratic  for  use.  For  the  pro- 
duction of  electric  energy  on  a  larger  scale  re- 
course must  be  had  to' the  stores  of  energy 
afforded  bv  nature.  In  large  amounts  energy  is 
found  in  nature,  first,  as  mechanical  energy  in 
the  waterfalls  and  to  a  lesser  extent  the  wind, 
and  second,  as  chemical  energy  in  coal,  wood, 
oil,  natural  gas,  etc. 

Generation.— In  the  transformation  of  the 


mechanical  energy  of  waterfalls  into  electric 
energy,  the  water  power  is  first  converted  into 
rotary  motion  by  the  turbine  or  water-wheel, 
the  latter  then  converted  into  electric  energy  by 
the  electric  generator  or  dynamo.  Chemical  en- 
ergy can  be  converted  directly  into  electric 
energy  only  to  a  limited  extent,  as  chemical 
energy  of  metals.  This  is  done  in  the  electric 
battery.  (See  Electric  Battehy).  But  due  to 
the  high  cost  of  the  chemical  energy  of  metals, 
the  production  of  electric  energy  by  means  of  the 
battery  is  commercially  feasible  only  where 
small  quantities  are  required  and  the  cost  of  the 
energy  therefore  secondary  to  the  convenience 
of  generation,  as  for  signaling  purposes,  bells, 
annunciators,  etc.  The  chemical  energy  of  coal 
and  other  combustibles  cannot  be  directly  con- 
verted into  electric  energy,  but  is  converted  into 
heat  energy  by  combustion,  the  heat  energy 
transferred  from  the  gases  of  combustion  to  the 
water  in  the  steam  boiler,  converted  into  me- 
chanical energy  in  the  steam  engine  or  steam 
turbine  and  the  mechanical  converted  into  elec- 
tric energy  in  the  electric  generator.  In  the 
gas  engine  the  heat  energy  of  combustion  is 
directly  converted  into  mechanical  energy.  In 
any  transformation  of  energy  from  one  form  to 
another  a  certain  loss  occurs  by  conversion  into 
heat.  This  loss  is  moderate  in  the  transforma- 
tion of  water  power  into  mechanical  energy, 
very  small  in  the  transformation  of  mechanical 
into  electric  energy-,  but  enormous  in  the  trans- 
formation of  heat  into  any  other  form  of 
energy.  Our  modern  theories  consider  all 
forms  of  energy  as  different  modes  of  motion; 
of  the  masses  in  mechanical  energy,  or  of  the 
molecules  and  atoms  of  matter  or  of  the  elec- 
trons with  electric,  chemical,  etc.,  energy.  Heat 
is  the  simplest  form  of  energy,  irregular  motion 
of  the  molecules  or  motion  without  definite 
speed  and  direction.  It  is,  therefore,  intelligible 
that  in  any  conversion  of  energy,  that  is,  of  a 
regular  motion  into  another  regular  motion, 
some  of  the  energy  is  lost  by  losing  its  regu- 
larity of  motion,  that  is,  converted  into  heat, 
the  more  the  greater  the  difference  between  the 
two  forms  of  motion,  and  that  when  convert- 
ing irregular  into  regular  motion,  that  is,  heat 
into  other  forms  of  energy,  this  loss  is  specially 
great.  The  cost  of  electric  power  derived  from 
water  power  does  not  differ  much  from  that 
derived  from  coal  by  the  steam  engine,  the  cost 
of  coal  in  the  latter  case  offsetting  the  interest 
on  the  greater  investment  required  in  developing 
the  water  power  and  transmitting  the  electric 
power  to  the  place  of  consumption.  Hence  where 
coal  is  cheap  the  steam  power  may  be  more 
economical,  and  where  water  power  is  found 
which  can  cheaply  be  developed,  or  where  coal 
is  expensive,  water  power  is  more  economical. 

Use. —  Electric  energy  is  hardly  ever  used 
as  such,  but  only  after  transformation  into  other 
forms  of  energy-,  mainly  mechanical  energy, 
heat,  chemical  energy  and  light.  Since  electric  en- 
ergy is  generated  from  other  forms  of  energy, 
it  follows  that  it  is  used  essentially  as  an  inter- 
mediary form  of  energy.  For  this  it  is  better 
suited  than  any  other  form  of  energy,  due  to  the 
high  efficiency  and  simplicity  of  generation  and 
reconversion  and  especially  the  almost  unlim- 
ited flexibility  which  permits  transmission  over 
long  distance,  distribution  with  the  simplest 
means  and  unlimited  subdivision  and  case  of 
control. 
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Mechanical  Power. —  The  electric  motor  is 
a  secondary  and  not  a  primary  source  of  power, 
that  is,  it  does  not  convert  the  stores  of  energy 
found  in  nature  into  mechanical  energy  as  the 
steam  engine,  but  mechanical  power  has  to  be 
exerted  somewhere  to  produce  the  electric 
power  which  is  reconverted  into  mechanical 
power  in  the  electric  motor.  The  advantage  of 
the  electric  motor  is  that  the  mechanical  power 
can  be  utilized  at  a  distance  from  the  source  of 
power;  the  factories  and  mills  may  be  located 
far  distant  from  the  water  power  and  the 
railroad  train  or  street  car  receive  the  power 
from  the  distant  station.  The  power  generated 
at  one  place  can  be  distributed  efficiently  to 
a  large  number  of  places,  or  all  motors  of  the 
city  may  receive  their  power  from  one  central 
generating  station.  Instead  of  an  extended  and 
inefficient  system  of  belting,  individual  motors 
may  drive  the  machines  of  the  factory  or  mill. 
All  the  cars  or  trains  of  a  railway  system  may 
receive  their  power  from  one  generating  system, 
perhaps  a  water-power  as  Niagara.  The  elec- 
tric motor  is  under  more  perfect  control  than 
almost  any  other  motor,  and  when  not  used 
consumes  no  power  and  requires  no  special  care 
in  starting  and  operation.  Mechanical  power  in 
small  quantities  can  be  produced  almost  as  ef- 
ficiently as  in  large  units  and  a  great  subdivision 
oi  power  becomes  thereby  feasible.  In  the  field 
of  mechanical  power  generated  by  electricity 
also  belong  telegraphy  and  telephony,  or  the 
transmission  of  signals  and  speech  over  long 
distances. 

Light. —  For  lighting,  electric  energy  usually 
is  first  converted  into  heat  and  the  light  given 
by  the  incandescence  of  very  refractory  solid 
substances,  carbon  or  tungsten  (wolfram),  the 
tungsten  wire  or  carbon  filament  of  the  in- 
candescent lamp,  or  the  glowing  tip  or  crater 
of  the  arc  lamp  carbons.  (See  Electric  Light- 
ing). Here  again,  especially  with  incandescent 
lamps,  the  mam  advantage  lies  in  the  absolute 
steadiness,  control  and  flexibility  of  the  light, 
the  simplicity  of  turning  it  on  or  off,  and  its 
relatively  high  efficiency,  which  gives  a  light 
with  less  heat  than  the  gas  flame  or  kerosene 
lamp.  While  due  to  the  use  of  heat  as  inter- 
mediary form  of  energy  only  a  very  few  per 
cent  of  the  electric  energy  are  converted  into 
light,  most  being  dissipated  as  heat,  with  the  gas 
or  kerosene  flame  the  percentage  of  energy  con- 
verted into  light  is  still  much  less.  Recently 
considerable  work  is  being  done  and  with  great 
promise  of  converting  electric  energy  more 
directly  into  light  by  electro-luminescence  in 
luminous  arcs,  which  promise  an  efficiency  of 
light  production  very  much  greater  than  the 
incandescent  or  carbon  arc  lamn,  and  there  is 
a  possibility  of  still  very  much  higher  efficien- 
cies of  light  production  by  electro  fluorescence. 

Heat. —  The  conversion  of  electric  energy 
into  heat  means  a  degradation  of  energy  from 
regular  to  irregular  motion  and  in  the  heat 
production  by  electric  energy  only  a  very  few 
per  cent  of  the  heat  energy  expended  under 
the  boilers  of  the  steam  engine  driving  the 
electric  generator  is  recovered,  so  that  electric 
heating  is  usually  more  exnensive  than  direct 
generation  of  heat  bv  combustion  and  therefore 
commercially  practicable  only : 

I.  For  the  nroduction  of  tcmooratures  be- 
yond those  wh;ch  can  be  reached  bv  combus- 
tion.  At  very  high  temperatures  chemical  affin- 


ity and  therefore  combustion  ceases  and  tem- 
peratures beyond  this  cannot  be  reached  by 
combustion  but  are  reached  by  conversion  of 
electric  energy  into  heat  in  the  electric  fur- 
nace. By  this  means  chemical  compounds  have 
been  produced  for  industrial  purposes  which 
were  either  entirely  unknown  or  mere  curiosi- 
ties before,  as  the  carbides,  calcium  carbide,  car- 
borundum, silicon  metal,  etc. 

2.  Electric  energy  i.>  used  for  heating  where 
the  temperature  has  to  be  perfectly  controlled. 

3.  For  intermittent  use,  such  as  flat-irons, 
etc.,  where  heat  production  by  combustion  is  in- 
efficient. 

4.  Due  to  its  convenience  and  cleanliness 
for  domestic  uses  to  a  limited  extent,  electric 
heating  and  cooking  arc  coming  into  use. 

Chemical  Energy. —  Electric  energy  is  con- 
verted into  chemical  energy  either  directly  in  the 
electrolytic  cell  or  indirectly  with  heat  as  in- 
termediary in  the  electric  furnace  as  discussed 
above.  Electrolysis  (q.v.),  that  is,  the  chemical 
action  of  electric  energy,  is  used  exclusively  for 
the  production  of  aluminum,  magnesium,  cal- 
cium, etc.,  metal,  is  used  for  copper  refining, 
production  of  sodium,  chlorates,  soda  and 
bleaching  powder,  and  many  other  compounds. 

Storage.— Electric  energy  cannot  be  stored 
as  such  conveniently,  but  the  case  and  efficiency 
of  conversion  of  electric  energy  into  the  chem- 
ical energy  of  metals  and  metallic  oxides,  and 
inversely,  permits  the  storage  of  electric  energy 
as  chemical  energy  in  the  storage  battery.  (See 
Electric  Storage  Battery).  Charging  the 
storage  battery  means  converting  in  it  electric 
energy  into  chemical  energy,  discharging,  the 
reconversion  of  the  chemical  energy  into  electric 
energy. 

Forms  of  Electric  Energy. —  Electric 
energy  is  used  as  direct  current,  as  alternating 
current  and  as  high  frequency  current.  In  the 
direct  current  circuit,  the  electric  current  con- 
tinuously flows  in  the  same  direction,  and  the 
electric  pressure  or  voltage  therefore  also  is 
constantly  in  the  same  direction.  Direct  current 
is  required  for  electrolytic  work,  therefore  also 
for  the  charging  of  storage  batteries.  It  is 
generally  preferred  for  electric  railroading,  and 
often  for  electric  lighting,  especially  where  the 
demand  is  very  concentrated,  as  in  the  centres 
of  large  cities.  All  electric  batteries  give  di- 
rect current.  Electric  generators  or  motors  may 
be  built  for  direct  current  as  well  as  for  alter- 
nating current.  In  the  alternating  current  cir- 
cuit, the  electric  current  and  thus  the  electric 
pressure  reverses  periodically,  usually  120  or  50 
times  per  second,  and  the  number  of  double 
reversals  or  cycles  per  second  is  called  the  fre- 
quency of  the  alternating  current.  Sixty  and  25 
cycles  per  second  arc  the  standard  frequencies. 
Usually  several  alternating  currents  are  used  in 
the  same  system,  which  reverse  successively, 
and  the  system  then  is  called  a  three-phase 
system,  if  three,  a  quarter-phase  system,  if  two 
successively  reversing  currents  are  employed. 
If  only  one  current  is  used,  the  system  is  called 
single-phase.  Alternating  currents  have  the  ad- 
vantage that  they  can  be  raised  in  voltacc  bv 
stationary  aonaratus,  so-called  "transformers,* 
for  transmission  to  a  distance,  and  lowered  in 
voltape  for  use.  They  are  therefore  more  flex- 
ible in  application,  and  for  this  reason  all  large 
electric  generating  systems  now  produce  alter- 
nating currents,  and  where  direct  current  is  re- 
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quired,  it  is  produced  from  the  alternating  cur- 
rent supply  \ry  rotary  transforming  devices, 
so-called  "converters, "  or  stationary  devices, 
so-called  "rectifiers." 

High  frequency  currents  are  alternating  cur- 
rents reversing  very  rapidly,  often  a  hundred 
thousand  or  million  times  per  second.  Often 
they  arc  not  constant  in  value,  but  die  out  and 
then  start  over  again,  so-called  "oscillating  cur- 
rents.* They  arc  mainly  used  for  wireless  teleg- 
raphy and  telephony. 

Measurements. —  Since  all  forms  of  energy 
are  convertible  into  each  other  they  can  be 
measured  by  the  same  measure.  Heat  being  the 
simplest  form  of  energy,  the  measure  of  heat 
has  been  the  usual  measure  of  energy.  It  is 
the  calorie,  or  the  amount  of  heat  required  to 
raise  one  litre  of  water  from  0°  to  1°C,  or  the 
British  Thermal  Unit  (B.T.U.),  that  is.  the 
amount  of  heat  required  to  raise  one  pound  of 
water  by  1°  F.  However,  due  to  the 
far  greater  convenience  and  exactness  of 
electrical  measurements,  the  electrical  unit  of 
energy-,  the  joule  or  watt  second  (one  watt 
equals  one  volt  times  one  ampere)  is  rapidly 
replacing  the  thermal  unit  or  caloric,  even  in 
chemistry.  Generally,  the  kilo-joule,  or  thousand 
joules,  is  used.  Other  forms  of  energy  usually 
have  some  measure,  convertible  into  calories  or 
into  joules.  So,  mechanical  energy  is  measured 
in  foot-pounds,  or  kilogram-metres,  and  the 
flow  of  mechanical  energy,  or  mechanical  power, 
in  foot-pounds  per  second  or  horse  power,  1 
horse  power  "  550  foot-pounds  per  second,  "  76 
kilogram-metres  per  second  ".178  caloric 
seconds.  The  value  of  electric  energy  or  elec- 
tric power  is  measured  either  in  the  mechanical 
measure,  horse  power,  or  electric  measure,  watts, 
746  watts  —  1  horse  power.  Usually  the  kilo- 
watt or  1,000  watts  ~  1.34  horse  power,  is  used. 
1  kilowatt  =  .238  caloric  second.  1  kilowatt 
second— 1  kilo  joule  (KJ).  Most  forms  of 
energy  arc  resolved  into  the  product  of  two 
components;  a  quantity  and  a  pressure  compo- 
nent, as  the  power  of  a  waterfall  is  the  product 
of  the  quantity  of  water  flowing  and  its  head 
or  fall.  So  electric  power  is  resolved  into  a 
quantity  component  called  "current9  atid  meas- 
ured in  amperes,  and  a  pressure  component  called 
"electromotive  force"  or  "potential  difference* 
or  "voltage,"  and  measured  in  volts,  and  the 
electric  power  then  is  a  product  of  volts  and 
amperes,  1  watt  =  1  volt  X  1  ampere  and  one 
joule  *=  1  watt  X  1  second  is  the  electric  energy, 
lust  as  a  small  quantity  of  water  under  a  high 
head  may  give  the  same  power  as  a  large  quan- 
tity under  low  head,  so  a  small  current  at  high 
voltage  may  represent  the  same  electric  power 
as  a  large  current  under  low  voltage.  The 
smaller  the  quantity  and  the  higher  the  voltage 
the  less  the  loss  in  transmitting  the  power. 
Therefore,  for  long  distance  transmissions  high 
voltages  are  used,  the  higher  the  greater  the  dis- 
tance, while  relatively  low  voltages  are  employed 
for  general  use.  due  to  the  difficulty  and  danger 
of  handling  high  voltages.  The  instrument 
measuring  electric  power  is  called  the  wattmeter, 
that  measuring  electric  current  or  flow  of  quan- 
tity is  the  ammeter,  that  measuring  electric 
pressure  or  voltage  is  the  voltmeter. 

Conductors  and  Insulators. —  Some  sub- 
stances, as  metals,  carl>on.  salt  solutions,  etc., 
are  conductors  of  electricity,  others  as  air.  glass, 
rubber,  paper,  oils,  etc.,  are  insulators.  There 


is,  however,  no  perfect  conductor  nor  perfect 
insulator,  but  even  the  best  conductors,  silver, 
copper,  aluminum,  offer  still  some  resistance  to 
the  flow  of  electric  power  and  thereby  cause  a 
loss  of  energy  which  is  proportional  to  the 
square  of  the  current  flowing  and  appears  as 
heat  in  the  conductor.  For  transmission  of 
electric  power  conductors  are  therefore  used  to 
direct  the  flow  of  power,  copper  or  aluminum, 
surrounded  by  insulators,  as  rubber,  paper.  It 
is  not  sufficient,  however,  merely  to  surround 
the  conductor  by  insulating  material,  but  the 
insulating  material  must  have  sufficient  thick- 
ness to  withstand  the  electric  pressure  or  volt- 
age, otherwise  it  is  disrupted,  that  is,  the  electric 
power  penetrates  it  as  spark  discharge.  The 
ability  to  withstand  electric  pressures  is  called 
the  dielectric  or  disruptive  strength  and  is  of 
foremost  importance  in  insulating  electric  cir- 
cuits of  high  voltage.  Very  good  insulators 
are  not  necessarily  of  very  high  dielectric 
strength,  for  instance  air,  which  is  perhaps  the 
best  insulator,  has  rather  low  disruptive 
strength,  that  is,  is  easily  penetrated  by  an  elec- 
tric spark  while  mica  and  rubber,  although  not 
as  good  insulators  as  air,  have  very  much  greater 
dielectric  strength. 

Physiological  Effects. —  Electric  energy  is 
perceived  by  the  senses  either  indirectly  by 
transformation  into  other  forms  of  energy,  as 
light  and  sound  in  the  spark  discharge  or  light- 
ning, or  directly  if  the  electric  current  passes 
through  the  body.  A  large  current  of  very 
short  duration,  or  electric  discharge,  causes  a 
shock  which  when  very  powerful,  as  in  light- 
ning, may  be  fatal.  A  current  flowing  continu- 
ously through  the  body  causes  a  specifi;  sensa- 
tion which  with  increasing  voltage  and  therefore 
increasing  current  becomes  unbearable,  the 
muscles  contract  and  become  uncontrollable,  so 
that  in  case  of  accidental  contact  with  electric 
circuits  the  victim  is  unable  to  let  go,  and  ulti- 
mately at  high  voltages  death  may  result.  With 
alternating  currents,  the  specific  sensation  de- 
creases with  increasing  frequency',  so  that  at 
very  high  frequencies  even  large  currents  are 
little  felt  — though  not  without  danger.  (See 
Electricitv,  Cause  of  Death  by).  The  amount 
of  current  flowing  through  the  body  depends 
upon  the  electric  pressure  or  voltage  and  the 
resistance  of  the  body.  This  resistance  is 
mainly  the  skin  or  surface  resistance,  therefore 
depends  upon  the  nature  of  the  contact  between 
body  and  electric  circuit.  When  loosely  touched 
with  dry  hands  a  100-volt  circuit  may  hardly 
give  any  sensation,  while  grasped  with  wet 
hands  a  50-volt  circuit  may  be  unbearable.  Only 
at  very  high  voltages  the  nature  of  the  contact 
becomes  of  less  importance  and  the  electric  cur- 
rent penetrates  as  arc.  Electric  pressures  below 
500  to  600  volts  arc  considered  as  still  safe, 
since  only  in  cases  of  exceptionally  good  contact 
with  such  voltages  serious  results  may  occur. 
Much  higher  voltages  are  usually  fatal,  but 
instances  are  on  record  of  contact  with  10,000  to 
20,000  volts  without  fatal  results,  in  cases  where 
the  duration  of  the  contact  has  been  very  brief. 

The  causes  of  death  by  electricity  arc : 

1.  The  direct  effect  of  large  power  exerted 
upon  the  hodv,  causing  destruction  bv  heat,  etc, 
as  in  electrocution  wttere  several  horse  power 
are  used. 

2.  Mechanical  destruction  of  vital  organs  by 
very  heavy  discharges,  as  lightning. 
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3.  Paralysis  of  the  nervous  system,  stop- 
page of  the  heart  and  respiratory  organs.  In 
these  cases  resuscitation  by  artificial  respira- 
tion, etc.,  when  immediately  resorted  to,  is  very 
promising,  especially  if  only  respiration  has 
stopped,  but  the  heart  is  still  beating. 

Therapeutically  electricity  is  used  as  stimu- 
lant by  its  action  on  the  nervous  system  and 
for  carrying  substances  through  the  skin  into 
the  body  electro-chemically.  It  is  very  useful 
in  the  hands  of  expert  physicians  but  like  any 
powerful  agent,  in  the  hands  of  a  layman,  is 
harmful  and  dangerous.  The  electric  healing 
devices  advertised  broadcast,  as  electric  belts, 
etc.,  are  mere  swindles  and  without  any  value. 
See  Electrotherapeutics.  . 

Prospect. —  Only  the  very  beginning  has 
been  made  in  the  use  of  electricity  as  secondary 
form  of  power  for  transmitting  energy  from 
its  natural  source,  waterfall  or  coal  mine,  to  the 
place  of  consumption,  factory,  city,  railway. 
Here  very  great  strides  arc  still  to  be  looked 
forward  to,  resulting  in  a  much  more  efficient 
use  of  the  stores  of  energy  afforded  by  nature. 
The  essential  characteristic  of  modern  civiliza- 
tion is  the  independence  of  man  of  his  immedi- 
ate surroundings,  in  the  necessities  of  civilized 
life.  These  necessities  are  materials  and  energy. 
The  transportation,  distribution  and  supply  of 
materials  has  been  organized  in  the  last  century 
in  the  system  of  railway,  steamship  and  other 
transportation  agencies,  and  the  generation, 
transmission,  distribution  and  supply  of  energy 
is  now  being  organized  by  electric  power,  in  the 
system  or  network  of  transmission  and  dis- 
tribution lines,  which  increasingly  spread  over 
the  country  and  interconnect  the  electric  power 
generating  stations  —  steam  and  hydraulic  — 
with  the  places  of  energy  demand.  Only  elec- 
tricity can  fulfil  this  requirement  of  energy 
supply  of  our  civilization,  due  to  the  high  effi- 
ciency and  economy  of  electric  transmission,  the 
practically  unlimited  possibility  of  subdivision  in 
distribution,  and  the  efficiency  and  simplicity  of 
conversion  of  electric  energy  into  anv  other 
form  of  energy,  from  the  small  lamp  of  a  few 
watts  power  consumption,  to  the  huge  motor 
of  many  thousand  horse  power.  In  the  pro- 
duction of  light  from  electric  energy  at  present 
the  efficiency  is  low,  due  to  the  use  of  heat  as 
intermediary  form  of  energy.  A  direct  con- 
version of  electric  energy  into  light  giving  an 
efficiency  of  50  per  cent  or  more  would  make 
electric  lighting  many  times  cheaper  than  any 
other  form  of  illumination  and  so  displace  all 
other  illuminants.  In  this  direction  fair  promise 
of  a  gradual  advance  exists.  The  direct  con- 
version of  the  stored  energy  of  coal  into  electric 
energy  and  ;hcrcby  the  elimination  of  the  enor- 
mous loss  of  energy  between  the  chemical  energy 
of  the  coal  and  the  electric  energy  is  <till  en- 
tirely hopeless  and  no  clue  to  its  solution  visible. 
In  electro-chemistry  (q.v.).  that  is,  the  transfor- 
mation of  electric  into  chemical  energy,  lies  an 
enormous  field  which  has  already  produced 
powerful  industries,  as  the  aluminum  and  car- 
bide production,  and  therefore  holds  out  the 
hope  of  most  wonderful  advances  in  the  future. 
See  Electrochemical  Industries;  Metal- 
lurgy; and  various  other  articles  in  this  volume 
on  electrical  subjects. 

Charles  P.  Steinmetz, 
General  Electric  Company,  Schenectady,  N.  Y. 


ELECTRICITY,  Its  History  and  Prog- 
ress. There  is  perhaps  no  better  illustration  of 
the  slow  growth  of  man's  knowledge  concern- 
ing physical  things  than  the  fact  that  the  identity 
of  lightning  and  electricity  in  some  of  its  other 
modes  of  manifestation  should  have  escaped 
detection  for  so  many  centuries  of  the  world's 
history. 

Lightning,  of  course,  and  certain  other 
manifestations  of  electricity,  were  known  to  the 
philosophers  of  ancient  times,  but  to  them  no 
thought  was  more  remote  than  that  these  mani- 
festations had  a  common  origin.  Pliny  (61- 
115  a.d.)  in  his  books  writes:  "The  ancient  Tus- 
cans by  their  learning  hold  that  there  are  nine 
gods  that  send  forth  lightning  and  those  of 
eleven  sorts.*  This  was  in  general  the  early 
pagan  idea  of  lightning.  The  property  of 
amber  when  rubbed  of  attracting  light  bodies, 
such  as  particles  of  feathers,  a  property  now 
known  to  be  electrical  in  its  nature,  must  have 
been  familiar  to  philosophers  many  hundred  years 
before  the  Christian  era,  although  Thales  of 
Miletus  (640-548  B.C.),  one  of  the  seven  sages 
of  Greece,  is  mentioned  as  having  been  the  first 
to  observe  this  phenomenon.  Pliny  has  several 
references  to  this  peculiar  property  of  amber. 
Pliny's  'Natural  History,*  (trans.  Philemon 
Holland,  London  1634,  pp.  606,  608,  609). 

The  peculiarity  of  the  torpedo  in  defending 
itself  by  means  of  a  property,  now  also  known 
to  be  electrical,  which  it  possesses  whereby  it 
can  stun  an  enemy,  was  also  known  to  Pliny 
and  other  early  writers.  Consult  Cavallo's 
'Philosophy,'  p.  536  (Philadelphia  1829). 

The  property  of  the  magnet  or  loadstone  in 
attracting  iron  was  likewise  known  to  the  en- 
lightened men  of  that  early  period,  but  neither 
in  the  case  of  electricity  nor  of  magnetism  had 
these  philosophers  any  conception  of  the  real 
nature  of  the  phenomena  involved,  attributing 
the  peculiar  properties  of  the  substances  named 
to  some  occult  vitality  possessed  by  them. 

It  is  not.  however,  much  to  be  wondered  at 
that  the  philosophers  of  long  past  ages  should 
have  failed  to  observe  any  relationship  be- 
tween the  electricity  of  lightning,  amber  and 
the  torpedo,  when  as  we  shall  see,  many  who 
may  be  termed  modern  philosophers  —  those  of 
the  17th  and  18th  centuries — failed  for  years 
to  discover  this  identity,  even  when  in  posses- 
sion of  electric  machines  capable  of  producing 
in  miniature  many  of  the  effects  of  lightning, 
and  for  long  after  the  knowledge  of  the  elec- 
trical properties  of  amber  had  been  extended  to 
wax,  glass  and  other  substances.  Even  the 
corciationship  of  electricity  and  magnetism  es- 
caped particular  notice  for  some  years  after 
the  affinity  of  these  phenomena  had  been 
demonstrated.  Possibly  the  earliest  and  near- 
est approach  to  the  discovery  of  the  identity  of 
lightning,  and  electricity  from  any  other  source, 
is  to  be  attributed  to  the  Arabs,  who  before  the 
15th  century  had  applied  the  Arabic  word  for 
lightning  (raad)  to  the  torpedo.  The  Greek 
word  for  amber,  however,  is  elektron,  and  it 
is  due  to  the  fact  that  this  substance  was  the 
first  known  to  possess  the  property  mentioned 
that  the  word  electricity  is  derived. 

Centuries  passed  after  the  discovery  of  fric- 
tional  and  animal  electricity  before  any  advance 
appears  to  have  been  made  in  the  production  of 
electricity  artificially  or  before  any  important 
developments  of  value  were  made  in  the  art. 
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Toward  the  latter  part  of  the  16th  century  a 
physician  of  Queen  Elizabeth's  time,  Dr.  William 
Gilbert  (1545-1603),  undertook  a  number  of 
careful  electrical  experiments,  in  the  course  of 
which  he  discovered  that  many  substances  other 
than  amber,  such  as  sulphur,  wax,  glass,  etc. 
(consult  Priestley's  'History  of  Electricity,' 
London  1757),  were  capable  of  manifesting 
electrical  properties.  Gilbert  also  discovered 
that  a  heated  body  lost  its  electricity  and  that 
moisture  prevented  the  electrification  of  all 
bodies,  due  to  the  now  well-known  fact  that 
moisture  impaired  the  insulation  of  such 
bodies.  He  also  noticed  that  electrified  sub- 
stances attracted  all  other  substances  indis- 
criminately, whereas  a  magnet  only  attracted 
iron.  The  many  discoveries  of  this  nature 
earned  for  Gilbert  the  title  of  founder  of  the 
electrical  science.  Since  Gilbert's  time  scarcely 
a  year  has  passed  in  which  some  new  discovery 
relating  to  the  science  and  art  of  electricity  and 
magnetism  has  not  been  made.  This  is  es- 
pecially true  during  the  years  since  1872. 

Amongst  the  experimenters  immediately 
following  Gilbert  one  of  the  most  notable  was 
Dr.  Wall  of  England  (1650).  During  one  of 
his  experiments  on  approaching  his  fingers  to 
an  electrified  rod,  Dr.  Wall  saw  a  spark,  ac- 
companied by  a  noise  which  he  likened  to 
lightning  and  thunder.  Wall's  contemporaries 
and  some  comparatively  recent  writers  have 
thought  that  this  was  the  first  time  an  artificially 
produced  electric  spark  had  been  observed. 
This,  however,  is  doubtless  an  erroneous  view. 
Archbishop  Eustathias,  of  Thessalonica,  Greek 
scholar  and  writer  of  the  12th  century,  for  in- 
stance records  that  Woliver,  king  of  the  Goths, 
was  able  to  draw  sparks  from  his  body.  The 
same  writer  states  that  a  certain  philosopher 
was  able  while  dressing  to  draw  sparks  from 
his  clothes,  a  result  seemingly  akin  to  that  ob- 
tained by  Symmcr  in  his  silk  stocking  experi- 
ments, a  careful  account  of  which  may  be 
found  in  the  'Philosophical  Transactions,' 
1759. 

It  would  indeed  have  been  surprising  if  the 
electric  spark  had  not  been  observed  prior  to 
Dr.  Walls  time  (although  its  origin  may  not 
have  been  recognized)  when  it  is  considered 
that  any  one  shuffling  across  a  carpet  in  drj'i 
crisp  weather,  or  if  whipped  with  a  piece  of  fur 
while  his  body  is  insulated,  will  accumulate  a 
charge  of  electricity  upon  his  person  that  will 
discharge  with  a  spark  into  any  other  person 
or  piece  of  metal  that  he  mav  touch.  The 
present  writer  has  even  noticed  electric  sparks 
passing  from  his  knuckles  to  the  metal  fixings 
of  a  hand  bag  that  he  was  carrying  while  walk- 
ing on  a  stone  pavement  in  cold,  dry  weather. 

Robert  Boyle  was  another  of  the  experi- 
menters in  electricity  of  this  period  (1650). 
One  of  his  important  discoveries  was  that  elec- 
trified bodies  in  a  vacuum  would  attract  light 
substances,  this  indicating  that  the  electrical 
effect  did  not  depend  upon  the  air  as  a  medium. 
He  also  aHoVd  resin  to  the  then  known  list  of 
electrics.  (Consult  Boyle's  'Experiments  on  the 
Orierin  of  Electricitv,*  and  Priestley's  'History 
of  Electricity').  Up  to  about  the  year  1682  the 
only  known  way  in  which  electricity  could  be 
developed  was  virtually  that  known  to  the  an- 
cients, namely,  by  rubhinc  rods  of  amber,  glass, 
wax,  resin  or  similar  substances.  The  amount 
of  electricity  producible  in  this  way  was  very 


small.  At  this  time  Otto  von  Guericke  of 
Magdeburg  (also  the  inventor  of  the  air-pump) 
invented  an  electric  machine  consisting  of  a 
sulphur  glolie  or  ball,  suitably  mounted  on  a 
shaft  and  rotated  by  a  handle.  Using  his  hand 
as  a  "rubber"  (see  Electric  Machine),  von 
Guericke  obtained  electricity  in  fairly  large 
quantities,  the  production  of  which  was  accom- 
panied by  light  and  sound. 

The  electric  machine  was  subsequently  im- 
proved by  Hawkesbee  or  Haukcsbee,  Litzendorf, 
and  by  Prof.  George  Mathias  Bozc,  about  1750. 
Litzendorf  substituted  a  glass  ball  for  the  sul- 
phur ball  of  Guericke.  Bozc  was  the  first  to 
employ  the  ■prime  conductor*  in  such  machines, 
this  consisting  of  an  iron  rod  held  in  the  hand 
of  a  person  whose  body  was  insulated  by  stand- 
ing on  a  cake  of  resin.  Dr.  Ingenhousz,  in 
1746,  invented  electric  machines  made  of  plate 
glass.  Consult  Dr.  Carpuc's  'Introduction  to 
Electricity  and  Galvanism,'  London  1803. 

Experiments  with  the  electric  machine  were 
largely  aided  by  the  discovery  of  the  property 
of  a  glass  plate,  when  coated  on  both  sides  with 
tinfoil,  of  accumulating  a  charge  of  electricity 
when  connected  with  a  source  of  electromotive 
force.  This  property,  now  and  for  many  years 
availed  of  in  the  electric  condenser,  was,  accord- 
ing to  Priestlev  ('History  of  Electricity,'  3d 
edT,  Vol.  I.  p.  102),  first  observed  by  Von  Kleist 
of  Lcyden  in  1754.  Von  Kleist  happened  to 
hold,  near  his  electric  machine,  a  small  bottle, 
in  the  neck  of  which  there  was  an  iron  nail. 
Touching  the  iron  nail  accidentally  with  his 
other  hand  he  received  a  severe  electric  shock. 
In  much  the  same  way  Prof.  Pieter  van  Mus- 
schcnbrocck  assisted  by  Cunaens  received  a 
more  severe  shock  from  a  somewhat  similar 
glass  bottle.  Sir  William  Watson  of  England 
greatly  improved  this  device,  by  covering  the 
bottle,  or  jar,  outside  and  in  with  tinfoil.  This 
piece  of  electrical  apparatus  will  be  easily 
recognized  as  the  well-known  Lcyden  jar,  so 
called  by  the  Abbot  Nollet  of  Paris,  after  the 
place  of  its  discovery.  The  electric  machine 
was  soon  further  improved  by  Prof.  Andrew 
Gordon,  a  Scotchman,  of  Erfurt,  who  substi- 
tuted a  glass  cylinder  in  place  of  a  glass  globe; 
and  by  Giessing  of  Leipzig  who  added  a  "rub- 
ber* consisting  of  a  cushion  of  woolen  material. 
The  "collector,"  consisting  of  a  series  of  metal 
points,  was  added  to  the  machine  by  Benjamin 
Wilson  about  1746,  and  Mr.  John  Canton  of 
England  (also  the  originator  of  the  first  pith 
ball  electrometer)  in  1762  made  a  notable  im- 
provement in  the  efficiency  of  electric  machines 
by  sprinkling  an  amalgam  of  tin  over  the  sur- 
face of  the  rubber. 

In  the  second  quarter  of  the  18th  century 
(1729)  Stephen  Gray  in  a  scries  of  interesting 
experiments  for  the  first  time  demonstrated  the 
difference  between  conductors  and  non-con- 
ductors (insulators),  showing  amongst  other 
things  that  a  metal  wire  and  even  pack  thread 
conducted  electricity,  whereas  silk  did  not.  In 
one  of  his  experiments  he  sent  an  electric  cur- 
rent through  700  feet  of  hempen  thread  which 
was  suspended  at  intervals  by  loops  of  silk 
thread;  probably  explainable  on  supposition 
that  the  hemp  is  more  absorbent  of  moisture 
than  silk.  Subsequently  Du  Fay  transmitted  a 
current  through  a  wet  hempen  string  to  a 
distance  of  1,256  feet,  the  string  being  insulated 
bv  means  of  glass.   In  1741  Mr.  Ellicott  "pro- 
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posed  to  measure  the  strength  of  electrification 
by  its  power  to  raise  a  weight  in  one  scale  of  a 
balance  while  the  other  was  held  over  the  elec- 
trified body  and  pulled  to  it  by  its  attractive 
power1'  (Carpuc). 

The  Sir  William  Watson  already  mentioned 
conducted  numerous  experiment!,,  about  1749,  to 
ascertain  the  velocity  of  electricity  in  a  wire, 
which  experiments,  although  perhaps  not  so  in- 
tended, also  demonstrated  the  possibility  of 
transmitting  signals  to  a  distance  by  electricity. 
In  these*  experiments  an  insulated  wire  12,276 
feet  in  length  was  employed  and  the  transmis- 
sion of  a  signal  from  one  end  of  the  wire  to  the 
other  appeared  to  the  observers  to  be  instanta- 
neous. Monnier  in  France  had  previously 
made  somewhat  similar  experiments,  sending 
shocks  through  an  iron  wire  1,319  feet  long. 

About  1737  Hawkcsbcc  and  Du  Fay  inde- 
pendently discovered  that  there  were  apparently 
two  kinds  of  frictional  electricity  namely,  that 
which  is  developed  by  rubbing  glass  and  resin, 
respectively.  The  former  electricity  Du  Fay 
termed  "vitreous,"  the  latter  *  resinous"  elec- 
tricity. Later,  these  electricities  were  termed 
•positive*  and  "negative*  electricity,  respec- 
tively, by  Franklin,  Dr.  Watson,  Lichtcnberg 
and  others. 

Theories  regarding  the  nature  of  electricity 
were  quite  vague  at  this  period,  and  those  prev- 
alent were  more  or  less  conflicting.  Franklin 
considered  that  electricity  was  an  imponderable 
fluid  pervading  everything,  and  which,  in  its 
normal  condition,  was  uniformly  distributed  in 
all  substances.  He  assumed  that  the  electrical 
manifestations  obtained  by  rubbing  glass  were 
due  to  the  production  of  an  excess  of  the  elec- 
tric fluid  in  that  substance  and  that  the  mani- 
festations produced  by  rubbing  wax  were  due 
to  a  deficit  of  the  fluid.  This  theory  was  op- 
posed by  the  *two-fluid*  theory  due  to  Robert 
Symmcr,  1759.  By  Symmer's  theory  the  vit- 
reous and  resinous  electricities  were  regarded 
as  imponderable  fluids,  each  fluid  being  com- 
posed of  mutually  repellent  particles  while  the 


effect  upon  external  objects  is  neutralized.  The 
act  of  rubbing  a  body  decomposes  the  fluids 
one  of  which  remains  in  excess  on  the  body 
and  manifests  itself  as  vitreous  or  resinous 
electricity. 

About  1750  various  tests  were  made  by  dif- 
ferent experimenters  to  ascertain  the  physio- 
logical and  therapeutical  effects  of  electricity. 
Mainbray  (or  Mowbray)  in  Edinburgh  exam- 
ined the  effects  of  electricity  upon  plants  and 
concluded  that  the  growth  of  two  myrtle  trees 
was  quickened  by  electrification.  These  myr- 
tles were  electrified  "during  the  whole  month 
of  October,  1746,  and  they  put  forth  branches 
and  blossoms  sooner  than  other  shrubs  of  the 
same  kind  not  elect  rifled*  (Priestley's  'His- 
tory of  Electricity,'  p.  138).  The  Abbe  Mcnon 
tried  the  effects  of  a  continued  application  of 
electricity  upon  men  and  birds  and  found  that 
the  subjects  experimented  on  lost  weight,  thus 
apparently  showing  that  electricity  quickened 
the  excretions.  The  efficacy  of  electric  shocks 
in  cases  of  paralysis  was  tested  in  the  county 
hospital  at  Shrewsbury,  England,  with  rather 
poor  success.  ('Philosophical  Transactions.' 
p.  786,  1754).    In  one  case  reported  a  palsied 


arm  was  somewhat  improved,  but  the  dread  of 
the  shocks  became  so  great  that  the  patient 
preferred  to  forego  a  possible  cure  rather  than 
undergo  further  treatment.  In  another  case  of 
partial  paralysis  the  electric  treatment  was  fol- 
lowed by  temporary  total  paralysis.  A  second 
application  of  this  treatment  was  again  fol- 
lowed by  total  paralysis,  whereupon  the  fur- 
ther use  of  electricity  in  this  case  was  stopped. 
For  further  accounts  of  the  early  use  of  elec- 
tricity as  a  remedial  agent  the  reader  may  con- 
sult De  la  Rive's  'Electricity.'  Sec  also  article 
Electkot  herapeutics. 

Up  to  the  time  of  Franklin's  historic  kite  ex- 
periment (see  Electricity,  Atmospheric)  the 
identity  of  the  electricity  developed  by  rubbing 
and  by  electric  machines  (frictional  electricity), 
with  lightning  had  not  been  generally  estab- 
lished. Dr.  Wall.  1807,  Abbot  Nollet,  Hawkes- 
bee,  Gray  and  Winckler  had  indeed  suggested 
the  resemblance  between  the  phenomena  of 
"electricity"  and  "lightning,"  Gray  having  inti- 
mated that  they  only  differed  in  degree.  It  was 
doubtless  Franklin,  however,  who  first  proposed 
tests  to  determine  the  sameness  of  the  phenom- 
ena. In  a  letter  to  Peter  Comlinson,  London, 
19  Oct.  1752.  Franklin,  referring  to  his  kite 
experiment,  wrote,  "At  this  key  the  phial  (Ley- 
den  jar)  may  be  charged ;  and  from  the  elec- 
tric fire  thus  obtained  spirits  may  be  kindled, 
and  all  the  other  electric  experiments  be  formed 
which  are  usually  done  by  the  help  of  a  rubbed 
glass  globe  or  tube,  and  thereby  the  sameness 
of  the  electric  matter  with  that  of  lightning  be 
completely  demonstrated."  (Franklin,  'Experi- 
ments and  Observations  on  Electricity').  Dali- 
bard,  at  Marley,  near  Paris,  on  10  May  1742, 
by  means  of  a  vertical  iron  rod  40  feet  long, 
obtained  results  corresponding  to  those  recorded 
by  Franklin  and  somewhat  prior  to  the  date  of 
Franklin's  experiment 

Franklin's  important  demonstration  of  the 
sameness  of  frictional  electricity  and  lightning 
doubtless  added  zest  to  the  efforts  of  the  many 
experimenters  in  this  field  in  the  last  half  of  the 
18th  century,  to  advance  the  progress  of  the 
science.  Amongst  those  workers  may  be  men- 
tioned Watson,  Boze,  Smeaton,  Lc  Monnier,  De 
Romas,  Jallabert,  Beccaria,  Cavallo,  John  Can- 
ton, Robert  Symmcr,  Nollet,  Winckler,  Rich- 
man.  Dr.  Wilson,  Kinncrslcy,  Priestley, 
Aepinus,  Delaval.  Cavendish,  Coulomb,  Volta 
and  Galvani.  A  description  of  many  of  the 
experiments  and  discoveries  of  these  early 
workers  in  the  fields  of  electrical  science  and 
art  will  be  found  in  the  scientific  publications 
of  the  time;  notably  the  'Philosophical  Trans- 
actions,' Philosophical  Magazine,  Cambridge 
Mathematical  Journal,  Young's  'Natural  Phi- 
losophy,' Priestley's  'History  of  EWtricity.' 
'  Franklin's  'Experiments  and  Observations  on 
Electricity,'  Cavalli's  'Treatise  on  Electricity,' 
De  la  Rive's  'Treatise  on  Electricity.'  Among 
the  more  important  of  the  electrical  experi- 
ments and  researches  at  this  period  were  those 
of  Francis  Aepinus,  a  noted  German  scholar 
(1724-1802)  and  Henry  Cavendish  of  London, 
England.  To  Aepinus  is  accorded  the  credit 
of  having  been  the  first  to  conce've  the  view 
of  the  reciprocal  relationship  of  electrici'v  and 
magnetism.  In  his  work  'Tentamcn  Theoria 
Elcctricitatis  ct  Magnetismi,'  published  in  Saint 
Petersburg,  1750.  he  gives  the  following  ampli- 
fication of  Franklin's  theory,  which  in  some  of 
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its  features  is  measurably  in  accord  with  pres- 
ent day  views:  *The  particles  of  the  electric 
fluid  repel  each  other  and  attract  and  are  at- 
tracted by  the  particles  of  all  bodies  with  a 
force  that  decreases  in  proportion  as  the  dis- 
tance increases;  the  electric  fluid  exists  in  the 
pores  of  bodies;  it  moves  unobstructedly 
through  non-electric  (conductors),  but  moves 
with  difficulty  in  insulators;  the  manifestations 
of  electricity  are  due  to  the  unequal  distribution 
of  the  fluid  in  a  body,  or  to  the  approach  of 
bodies  unequally  charged  with  the  fluid." 
Aepinus  formulated  a  corresponding  theory  of 
magnetism  excepting  that  in  the  case  of  magnetic 
phenomena  the  fluids  only  acted  on  the  parti- 
cles of  iron.  He  also  made  numerous  electrical 
experiments,  amongst  others  those  apparently 
showing  that  in  order  to  manifest  electrical  ef- 
fects tourmalin  requires  to  be  heated  to  a  tem- 
perature between  37.5°  C  and  100°  C.  In  fact, 
tourmalin  remains  unelcctrified  when  its  tem- 
perature is  uniform,  but  manifests  electrical 
properties  when  its  temperature  is  rising  or 
falling.  Crystals  which  manifest  electrical 
properties  in  this  way  are  termed  pyro-electrics, 
amongst  which,  besides  tourmalin,  are  sulphate 
of  quinine  and  quartz. 

Cavendish  independently  conceived  a  theory 
of  electricity  nearly  akin  to  that  of  Aepinus 
('Philosophical  Transactions^  1771).  He  also 
(1784)  was  perhaps  the  first  to  utilize  the  elec- 
tric spark  to  produce  the  explosion  of  hydrogen 
and  oxygen  in  the  proper  proportions  to  pro- 
duce pure  water.  The  same  philosopher  also 
discovered  the  inductive  capacity  of  dielectrics 
(insulators)  and  as  early  as  1775  measured  the 
specific  inductive  capacity  for  beeswax  and 
other  substances  by  comparison  with  an  air 
condenser. 

About  1784  C.  A.  Coulomb,  after  whom  is 
named  the  electrical  unit  of  quantity,  devised 
the  torsion  balance,  by  means  of  which  he  dis- 
covered what  is  known  as  Coulomb's  law; — 
The  force  exerted  between  two  small  electrified 
bodies  varies  inversely  as  the  square  of  the 
distance;  not  as  Aepinus  in  his  theory  of  elec- 
tricity had  assumed,  merely  inversely  as  the 
distance.  According  to  the  theory  advanced  by 
Cavendish  "the  particles  attract  and  are  at- 
tracted inversely  as  some  less  power  of  the 
distance  than  the  cube." 

With  the  discovery,  by  the  experiments  of 
Watson  and  others,  that  electricity  could  be 
transmitted  to  a  distance,  the  idea  of  making 
practical  use  of  this  phenomenon  began,  about 
1753,  to  engross  the  minds  of  "inquisitive"  per- 
sons, and  to  this  end  suggestions  looking  to  the 
employment  of  electricity  in  the  transmission  of 
intelligence  were  made.  The  first  of  the  meth- 
ods devised  for  this  purpose  was  probably  that, 
due  to  Lesage  (1774).  This  method  consisted 
in  the  employment  of  24  wires,  insulated  from 
one  another  and  each  of  which  had  a  pith  ball 
connected  to  its  distant  end.  Each  wire  repre- 
sented a  letter  of  the  alphabet.  To  send  a  mes- 
sage, a  desired  wire  was  charged  momentarily 
with  electricity  from  an  electric  machine, 
whereupon  the  pith  ball  connected  to  that  wire 
would  fly  out ;  and  in  this  way  messages  were 
transmitted.  Other  methods  of  telegraphing  in 
which  frictional  electricity  was  employed  were 
also  tried,  some  of  which  are  described  in  the 
article  on  the  telegraph  (q.v.). 


Hitherto  the  only  electricity  known  was  that 
developed  by  friction  or  rubbing,  which  was 
therefore  termed  frictional  electricity.  We  now 
come  to  the  era  of  galvanic  or  voltaic  electricity. 
The  first  mention  of  voltaic  electricity,  although 
not  recognized  as  such  at  the  time,  was  prob- 
ably made  by  Sulzer  in  1767  who  on  placing 
a  small  disc  of  zinc  under  his  tongue  and  a 
small  disc  of  copper  over  it,  observed  a  pecul- 
iar taste  when  the  respective  metals  touched 
at  their  edges.  Sulzer  assumed  that  when  the 
metals  came  together  they  were  set  into  vibra- 
tion, this  acting  upon  the  nerves  of  the  tongue, 
producing  the  effects  noticed. 

In  1790  Prof.  Luigi  Alvisio  Galvani  of 
Bologna  on  one  occasion,  while  conducting  ex- 
periments on  'animal  electricity,*  as  he  termed 
it,  to  which  his  attention  had  been  turned  by  the 
twitching  of  a  frog's  legs  in  the  presence  of  an 
electric  machine,  observed  that  the  muscles  of 
a  frog  which  was  suspended  on  an  iron  balus- 
trade by  a  copper  hook  that  passed  through  its 
dorsal  column  underwent  lively  convulsions 
without  any  extraneous  cause;  the  electric  ma- 
chine being  at  this  time  absent.  To  account  for 
this  phenomenon  Galvani  assumed  that  elec- 
tricity of  opposite  kinds  existed  in  the  nerves 
and  muscles  of  the  frog;  the  muscles  and 
nerves  constituting  the  charged  coatings  of  a 
Leyden  jar. 

Galvani  published  the  results  of  his  discov- 
eries, together  with  his  hypothesis,  which  at 
once  engrossed  the  attention  of  the  physicists 
of  that  time;  the  most  prominent  of  whom, 
Alexander  Volta,  professor  of  physics  at 
Pavia,  contended  that  the  results  observed  by 
Galvani  were  due  to  the  two  metals,  copper 
and  iron,  acting  as  "electromotors,*  and  that 
the  muscles  of  the  frog  played  the  part  of  a 
conductor,  completing  the  circuit. 

This  precipitated  a  long  discussion  between 
the  adherents  of  the  conflicting  views;  one  set 
of  adherents  holding  with  Volta  that  the  elec- 
tric current  was  the  result  of  an  electromotive 
force  of  contact  at  the  two  metals ;  the  other  set 
adopting  a  modification  of  Galvani's  view  and 
asserting  that  the  current  was  due  to  a  chem- 
jcal  affinity  between  the  metals  and  the  acids 
in  the  pile.  Michael  Faraday  wrote  in  the 
preface  to  his  'Experimental  Researches.' 
relative  to  the  question  whether  metallic  con- 
tact is  or  is  not  productive  of  a  part  of  the 
electricity  of  the  voltaic  pile:  "I  see  no  rea- 
son as  yet  to  alter  the  opinion  I  have  given; 
.  .  .  but  the  point  itself  is  of  such  great 
importance  that  I  intend  at  the  first  opportu- 
nity renewing  the  inquiry,  and,  if  I  can,  ren- 
dering the  proofs  cither  on  the  one  side  or  the 
other,  undeniable  to  all  *  Even  Faraday  him- 
self, however,  did  not  settle  the  controversy, 
and  while  the  views  of  the  advocates  on  both 
sides  of  the  question  have  undergone  modifi- 
cations, as  subsequent  investigations  and  dis- 
coveries demanded,  up  to  the  present  day  di- 
versity of  opinion  on  these  points  continues  to 
crop  out. 

Volta  made  numerous  experiments  in  sup- 
port of  his  theorv  and  ultimately  developed  the 
pile  or  battery  (see  Voltaic  Pti.e),  which  was 
the  precursor  of  all  subsequent  chemical  bat- 
teries, and  possessed  the  distinguishing  merit 
of  being  the  first  means  by  which  a  prolonged 
continuous  current  of  electricity  was  obtainable. 
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Volta  communicated  a  description  of  his  pile 
to  the  Royal  Society  of  London  and  shortly 
thereafter  Nicholson  and  Cavendish  (1780) 
produced  the  decomposition  of  water  hy  means 
of  the  electric  current,  using  Volta's  pile  as  the 
source  of  electromotive  force.  Davy  in  1806, 
employing  a  voltaic  pile  of  approximately  250 
cells,  or  couples,  decomposed  potash  and  soda, 
showing  that  these  substances  were  respectively 
the  oxides  of  potassium  and  sodium,  which 
metals  previously  had  been  unknown.  These 
experiments  were  the  beginning  of  electro- 
chemistry' (q.v.),  the  investigation  of  which 
Faraday  took  up,  and  concerning  which  in 
1833  he  announced  his  important  law  of  electro- 
chemical equivalents,  viz.:  *Thc  same  quan- 
tity of  electricity  —  that  is,  the  same  electric 
current  —  decomposes  chemically  equivalent 
Quantities  of  all  the  bodies  which  it  traverses; 
hence  the  weights  of  elements  separated  in 
these  electrolytes  are  to  each  other  as  their 
chemical  equivalents*  Employing  a  battery  of 
2,000  elements  of  a  voltaic  pile  Humphrey 
Davy  in  1809  gave  the  first  public  demonstra- 
tion of  the  electric  arc  light  (q.  v.),  using  for 
the  purpose  charcoal  enclosed  in  a  vacuum. 

Somewhat  singular  to  note,  it  was  not  until 
many  years  after  the  discovery  of  the  voltaic 
pile  that  the  sameness  of  annual  and  trictional 
electricity  with  voltaic  electricity  was  clearly 
recognized  and  demonstrated.  Thus  as  late  as 
January  1833  we  find  Faraday  writing  ('Philo- 
sophical Transactions,'  1833)  in  a  paper  on  the 
electricity  of  the  torpedo.  "After  an  examina- 
tion of  the  experiments  of  Walsh,  Ingenhousz, 
Cavendish.  Sir  H.  Davy,  and  Dr.  Davy,  no  doubt 
remains  on  my  mind  as  to  the  identity  of  the 
electricity  of  the  torpedo  with  common  (fac- 
tional) and  voltaic  electricity;  and  I  presume 
that  so  little  will  remain  on  the  mind  of  others 
as  to  justify  my  refraining  from  entering  at 
length  into  the  philosophical  proof  of  that 
identity.  The  doubts  raised  by  Sir  H.  Davy 
have  been  removed  by  his  brother,  Dr.  Davy; 
the  results  of  the  latter  being  the  reverse  of 
those  of  the  former.  .  .  .  The  general  con- 
clusion which  must,  I  think,  be  drawn  from  this 
collection  of  facts  (a  table  showing  the  similar- 
ity ^of  properties  of  the  diversely  named  elec- 
tricities) is,  that  electricity,  whatever  may  be  its 
source,  is  identical  in  its  nature* 

It  is  proper  to  state,  however,  that  prior  to 
Faraday's  time  the  similarity  of  electricity  de- 
rived from  different  sources  was  more  than 
suspected.  Thus,  William  Hyde  Wollaston,  b. 
1706;  d.  1828  (another  noted  and  careful  experi- 
menter in  electricity  and  the  discoverer  of  pal- 
ladium and  rhodium),  wrote  in  1801  {Philo- 
sophical Magazine,  Vol.  Ill,  p.  211):  "This 
similarity  in  the  means  by  which  both  electric- 
ity and  galvanism  (voltaic  electricity)  appear  to 
be  excited  in  addition  to  the  resemblance  that 
has  been  traced  between  their  effects  shows  that 
they  arc  both  essentially  the  same  and  confirm 
an  opinion  that  has  already  been  advanced  by 
others,  that  all  the  differences  discoverable  in  the 
effects  of  the  latter  may  be  owing  to  its  being 
less  intense,  but  produced  in  much  larger  quan- 
tity* In  the  same  paper  Wollaston  describes 
certain  experiments  in  which  he  uses  very  fine 
wire  in  a  solution  of  sulphate  of  copper  through 
which  he  passed  electric  currents  from  an  elec- 
tric machine.  This  is  interesting  in  connection 
with  the  later  day  use  of  almost  similarly  ar- 


ranged fine  wires  in  electrolytic  receivers  in 
wireless,  or  radio-telegraphy. 

In  the  first  half  of  the  19th  century  many 
very  important  additions  were  made  to  the 
world's  knowledge  concerning  electricity  and 
magnetism.  For  example,  in  1819  Hans  Chris- 
tian Oersted  of  Copenhagen  discovered  the  de- 
flecting effect  of  an  electric  current  traversing  a 
wire  upon  a  suspended  magnetic  needle.  This 
discovery  gave  a  clue  to  the  subsequently  proved 
intimate  relationship  between  electricity  and 
magnetism  which  was  promptly  followed  up  by 
Ampere  who  shortly  thereafter  (1821)  an- 
nounced his  celebrated  theory  of  electro- 
dynamics, relating  to  the  force  that  one  current 
exerts  upon  another,  by  its  electro-magnetic 
effects,  namely:  (1)  aTwo  parallel  portions  of 
a  circuit  attract  one  another  if  the  currents  in 
them  are  flowing  in  the  same  direction,  and  re- 
pel one  another  if  the  currents  flow  in  the  oppo- 
site direction.  (2)  Two  portions  of  circuits 
crossing  one  another  obliquely  attract  one  an- 
other if  both  (he  currents  flow  either  towards  or 
from  the  point  of  crossing,  and  repel  one  an- 
other if  one  flows  to  and  the  other  from  that 
point.  (3)  When  an  element  of  a  circuit  exerts 
a  force  on  another  element  of  a  circuit,  that 
force  always  tends  to  urge  the  latter  in  a  direc- 
tion at  right  angles  to  its  own  direction* 

Professor  Sccbeck,  of  Berlin,  in  1821  discov- 
ered that  when  heat  is  applied  to  the  junction 
of  two  metals  that  had  been  soldered  together 
an  electric  current  is  set  up.  This  is  termed 
Thermo-Electricity.  (See  Thermo-Electricity). 
Sccbeck's  device  consists  of  a  strip  of  copper 
bent  at  each  end  and  soldered  to  a  plate  of  bis- 
muth. A  magnetic  needle  is  placed  parallel  with 
the  copper  strip.  When  the  heat  of  a  lamp  is 
applied  to  the  junction  of  the  copper  and  bis- 
muth an  electric  current  is  set  up  which  deflects 
the  needle. 

Peltier  in  1834  discovered  an  effect  opposite 
to  the  foregoing,  namely,  that  when  a  current  is 
passed  through  a  couple  of  dissimilar  metals  the 
temperature  is  lowered  or  raised  at  the  junction 
of  the  metals,  depending  on  the  direction  of  the 
current.  This  is  termed  the  Peltier  "effect.* 
The  variations  of  temperature  arc  found  to  be 
proportional  to  the  strength  of  the  current  and 
not  to  the  square  of  the  strength  of  the  current 
as  in  the  case  of  heat  due  to  the  ordinary  re- 
sistance of  a  conductor.  This  latter  is  the  CR 
law,  discovered  experimentally  in  1841  by  the 
English  physicist,  Joule.  In  other  words,  this 
important  law  is  that  the  heat  generated  in  any 
part  of  an  electric  circuit  is  directly  proportional 
to  the  product  of  the  resistance  of  this  part  of 
the  circuit  and  to  the  square  of  the  strength  of 
current  flowing  in  the  circuit. 

In  1822  Sweigger  devised  the  first  galvanom- 
eter (q.v  ).  This  instrument  was  subsequently 
much  improved  by  Wilhelm  Weber  (1&33). 
In  1825  William  Sturgeon  of  Woolwich.  Eng- 
land, invented  the  horseshoe  and  straight  bar 
electromagnet,  receiving  therefor  the  silver 
medal  of  the  Society  of  Arts  ('Trans.  Society 
of  Arts,'  1825).  In  1837  Gauss  and  Weber 
(both  noted  workers  of  this  period)  jointly  in- 
vented a  reflecting  galvanometer  for  telegraph 
purposes.  This  was  the  forerunner  of  the 
Thomson  reflecting  and  other  exceedingly  sensi- 
tive galvanometers  once  used  in  submarine  sig- 
naling and  still  widely  employed  in  electrical 
measurements.    Arago  in  1824  made  the  im- 
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portant  discovery  that  when  a  copper  disc  is 
rotated  in  its  own  plane,  and  if  a  magnetic 
needle  be  freely  suspended  on  a  pivot  over  the 
disc,  the  needle  will  rotate  with  the  disc.  If 
on  the  other  hand  the  needle  is  fixed  it  will  tend 
to  retard  the  motion  of  the  disc.  This  effect 
was  termed  Arago's  rotations.  Futile  attempts 
were  made  by  Babhagc,  Barlow,  Herschel  and 
others  to  explain  this  phenomenon^  The  true 
explanation  was  reserved  .for  Faraday,  namely, 
that  electric  currents  are  induced  in  the  copper 
disc  by  the  cutting  of  the  magnetic  lines  of 
force  of  the  needle,  which  currents  in  turn  react 
on  the  needle.  In  1827  George  Simon  Ohm 
(q.v.)  announced  the  now  famous  law  that  bears 
his  name,  that  is: 

Electromotive  force 

Current "  

Resistance. 

In  1831  began  the  epoch-making  researches 
of  Michael  Faraday  (q.v.),  the  famous  pupil 
and  successor  of  Humphrey  Davy  (q.v.)  at  the 
head  of  . the  Royal  Institution,  London,  relating 
to  electric  and  electromagnetic  induction. 

Faraday's  studies  and  researches  extended 
from  1831  to  1855  and  a  detailed  description  of 
his  experiments,  deductions  and  speculations  arc 
to  be  found  in  his  compiled  papers,  entitled 
' Experimental  Researches  in  Electricity.'  Fara- 
day was  by  profession  a  chemist.  He  was  not  in 
the  remotest  degree  a  mathematician  in  the  ordi- 
nary sense  —  indeed  it  is  a  quest  on  if  in  all 
his  writings  there  is  a  single  mathematical 
formula. 

The  experiment  which  led  Faraday  to  the 
discovery  of  electric  induction  was  made  as  fol- 
lows: He  constructed  what  is  now  and  was 
then  termed  an  induction  coil,  the  primary  and 
secondary  wires  of  which  were  wound  on  a 
wooden  bobbin,  side  by  side,  and  insulated  from 
one  another.  In  the  circuit  of  the  primary  wire 
he  placed  a  battery  of  approximately  100 
cells.  In  the  secondary  wire  he  inserted  a 
galvanometer.  On  making  his  first  test  he  ob- 
served no  results,  the  galvanometer  remaining 
quiescent,  but  on  increasing  the  length  of  the 
wires  he  noticed  a  deflection  of  the  galvanome- 
ter in  the  secondary  wire  when  the  circuit  of  the 
primary  wire  was  made  and  broken.  This  was 
the  first  observed  instance  of  the  development  of 
electromotive  force  by  electromagnetic  induc- 
tion. He  also  discovered  that  induced  currents 
arc  established  in  a  second  closed  circuit  when 
the  current  strength  is  varied  in  the  first  "wire, 
and  that  the  direction  of  the  current  in  the  sec- 
ondary circuit  is  opposite  to  that  in  the  first 
circuit.  Also  that  a  current  is  induced  in  a 
secondary  circuit  when  another  circuit  carrying 
a  current  is  moved  to  and  from  the  first  circuit, 
and  that  the  approach  or  withdrawal  of  a  mag- 
net to  or  from  a  closed  circuit  induces  mo- 
mentary currents  in  the  latter.  In  short,  within 
the  space  of  a  few  months  Faraday  discovered 
by  experiment  virtually  all  the  laws  and  facts 
now  known  concerning  electro-magnetic  induc- 
tion and  magneto-electric  induction.  Upon  these 
discoveries,  with  scarcely  an  exception,  depends 
the  operation  of  the  telephone,  the  dynamo  ma- 
chine, and  incidental  to  the  dynamo  electric 
machine  practically  all  the  gigantic  electrical 
industries  of  the  world,  including  electric 
lighting  (q.v.),  electric  traction,  the  opera- 
tion of  electric  motors  for  power  purposes, 


and  electro-plating  (q.v.),  elect rotyping  (q.v J, 
etc. 

In  his  investigations  of  the  peculiar  manner 
in  which  iron  filings  arrange  themselves  on  a 
cardboard  or  glass  in  proximity  to  the  poles  of 
a  magnet,  Faraday  conceived  the  idea  of  mag- 
netic "lines  of  force*  extending  from  pole  to 
pole  of  the  magnet  and  along  which  the  filings 
tend  to  place  themselves.  On  the  discovery 
being  made  that  magnetic  effects  accompany  the 
passage  of  an  electric  current  in  a  wire,  it  was 
also  assumed  that  similar  magnetic  lines  of 
force  whirled  around  the  wire.  For  conven- 
ience and  to  account  for  induced  clcctric.ty  it 
was  then  assumed  that  when  these  lines  of  force 
are  "cut"  by  a  wire  in  passing  across  them  or 
when  the  lines  of  force  in  rising  and  falling 
cut  the  wire,  a  current  of  electricity  is  devel- 
oped, or  to  be  more  exact,  an  electromotive 
force  is  developed  in  the  wire  that  sets  up  a 
current  in  a  closed  circuit 

Faraday  advanced  what  has  been  termed 
the  molecular  theory  of  electricity  which  as- 
sumes that  electricity  is  the  manifestation  of  a 
peculiar  condition  of  the  molecule  of  the  body 
rubbed  or  the  ether  surrounding  the  body. 
Faraday  also,  by  experiment,  discovered  para- 
magnetism and  diamagnetism,  namely,  that  all 
sol.ds  and  liquids  are  either  attracted  or  re- 
pelled by  a  magnet.  For  example,  iron,  nickel, 
cobalt,  manganese,  chromium,  etc.,  are  para- 
magnetic (attracted  by  magnetism),  whilst  other 
substances,  such  as  bismuth,  phosphorus,  anti- 
mony, zinc,  etc.,  are  repelled  by  magnetism  or 
are  diamagnetic  ('Phil.  Trans.,'  1845).  Brugans 
of  Lcydcn  in  1778  and  Le  Baillif  and  Becquerel 
in  1827  had  previously  discovered  diamagnetism 
in  the  case  of  bismuth  and  antimony.  Faraday 
also  rediscovered  specific  inductive  capacity  in 
1837,  the  results  of  the  experiments  by  Caven- 
dish not  having  been  published  at  that  time. 
He  also  predicted  (Phil.  Mag.,  March  1854) 
the  retardation  of  signals  on  long  submarine 
cables  due  to  the  inductive  effect  of  the  insula- 
tion of  the  cable,  in  other  words,  the  static 
capacity  of  the  cable. 

The  25  years  immediately  following  Fara- 
day's discoveries  of  electric  induction  were 
fruitful  in  the  promulgation  of  laws  and  facts 
relating  to  induced  currents  and  to  magnetism. 
In  1834  Lenz  and  Jacobi  independently  demon- 
strated the  now  familiar  fact  that  the  currents 
induced  in  a  coil  are  proportional  to  the  number 
of  turns  in  the  coil.  Lenz  also  announced  at 
that  time  the  important  law  that,  in  all  cases  of 
electromagnetic  induction  the  induced  currents 
have  such  a  direction  that  their  reaction  tends 
to  stop  the  motion  that  produces*  them,  a  law 
that  was  perhaps  deducibic  from  Faraday's  ex- 
planation of  Arago's,  rotations. 

In  1845  Joseph  Henry,  the  American  physi- 
cist, published  an  account  of  his  valuable  and 
interesting  experiments  with  induced  currents 
of  a  high  order,  showing  that  currents  could  be 
induced  from  the  secondary*  of  an  induction 
coil  to  the  primary  of  a  second  coil,  thence  to 
its  secondary  wire,  and  so  on  to  the  primary 
of  a  third  coil,  etc.  (Philosophical  Magazine, 
1849).  Abria  published  the  results  of  some  re- 
searches into  the  laws  of  these  induced  currents, 
but  owing  to  their  complexity  the  investigation 
was  not  productive  of  verv  notable  results. 
('Ann.  de  Chimic  III.'  i,  385).    About  1850 
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Kirchoff  published  his  laws  relating  to  branched 

or  divided  circuits.  He  also  showed  mathe- 
matically that  according  to  the  then  prevailing 
electrodynamic  theory,  electricity  would  be 
propagated  along  a  perfectly  conducting  wire 
with  the  velocity  of  light.  Hclmholtz  investi- 
gated mathematically  the  effects  of  induction 
upon  the  strength  of  a  current  and  deduced 
therefrom  equations,  which  experiment  con- 
firmed, showing  amongst  other  important  points 
ihe  retarding  effect  of  self-induction  under  cer- 
tain conditions  of  the  circuit  ('Poggcndorf 
Ann.>  1851).  In  1853  Sir  William  Thomson 
(later  Lord  Kelvin)  (q.v.)  predicted  as  a  re- 
sult of  mathematical  calculations  the  oscillatory 
nature  cf  the  electric  discharge  of  a  condenser 
circuit.  To  Henry,  however,  belongs  the  credit 
of  discerning  as  a  result  of  his  experiments  in 
1842  the  oscillatory  nature  of  the  Lcydcn  jar 
discharge.  He  wrote  ('Proc.  Am.  Phil.  Soc.,' 
Vol.  II,  pp.  193,  196)  :  The  phenomena  require 
us  to  admit  the  existence  of  a  principal  dis- 
charge in  one  direction,  and  then  sei'eral  reflex 
actions  backward  and  forward,  each  more  feeble 
than  the  preceding,  until  the  equilibrium  is  ob- 
Thc« 


:sc  oscillations  were  subsequently 
observed  by  Fcddersen  (1857)  who  using  a 
rotating  concave  mirror  projected  an  image  of 
the  electric  spark  upon  a  sensitive  plate,  thereby 
obtaining  a  photograph  of  the  spark  which 
plainly  indicated  the  alternating  nature  of  the 
discharge.  Sir  William  Thomson  was  also  the 
discoverer  of  the  electric  convection  of  heat 
(the  "Thomson*  effect).  He  designed  for  elec- 
trical measurements  of  precision  his  quadrant 
and  absolute  electrometers.  The  reflecting  gal- 
vanometer and  siphon  recorder,  as  applied  to 
submarine  cable  signaling,  are  also  due  to  him. 

About  1876  Prof.  H.  A.  Rowland  of  Balti- 
more demonstrated  the  important  fact  that  a 
static  charge  carried  around  produces  the  same 
magnetic  effects  as  an  electric  current  The 
importance  of  this  discovery  consists  in  that 
it  may  afford  a  plausible  theory  of  magnetism, 
namely,  that  magnetism  may  be  the  result  of 
directed  motion  of  rows  of  molecules  carrying 
static  charges. 

After  Faraday's  discovery  that  electric  cur- 
rents could  be  developed  in  a  wire  by  causing  it 
to  cut  across  the  lines  of  force  of  a  magnet,  it 
was  to  be  expected  that  attempts  would  be  made 
to  construct  machines  to  avail  of  this  fact  in  the 
development  of  voltaic  currents.  (See  Electric 
Machinery;  Electric  Direct  Current;  Gen- 
erators). The  first  machine  of  this  kind  was  due 
to  Pixii,  1832.  It  consisted  of  two  bobbins  of 
iron  wire,  opposite  which  the  poles  of  a  horse- 
shoe magnet  were  caused  to  rotate.  As  this  pro- 
duced in  the  coils  of  the  wire  an  alternating 
current,  Pixii  arranged  a  commutating  device 
(commutator)  that  converted  the  alternating 
current  of  the  coils  or  armature  into  a  direct 
current  in  the  external  circuit.  This  machine 
was  followed  by  improved  forms  of  magneto- 
electric  machines  due  to  Ritchie,  Saxton,  Clarke, 
Stohrer  1843,  Nollet  1849,  Shepperd  1856.  Van 
Maldern,  Siemens,  Wilde  and  others. 

A  notable  advance  in  the  art  of  dynamo  con- 
struction was  made  by  Mr.  S.  A.  Varley  in  1866 
(consult  his  British  patent  of  that  year)  and  by 
Dr.  Charles  William  Siemens  and  Mr.  Charles 
Wheatstone  (consult  *  Royal  Society  Proceed- 
s' 1867),  who  independently  discovered  that 
a  coil  of  wire,  or  armature,  of  the  dynamo 
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machine  is  rotated  between  the  poles  (or  in  the 
"field")  of  an  electromagnet,  a  weak  current  is 
set  up  in  the  coil  due  to  residual  magnetism  in 
the  iron  of  the  electromagnet,  and  that  if  the 
circuit  of  the  armature  be  connected  with  the 
circuit  of  the  electromagnet,  the  weak  current 
developed  in  the  armature  increases  the  mag- 
netism in  the  field.  This  further  increases  the 
magnetic  lines  of  force  in  which  the  armature 
rotates,  which  still  further  increases  the  current 
in  the  electromagnet,  thereby  producing  a  corre- 
sponding increase  in  the  field  magnetism,  and 
so  on,  until  the  maximum  electromotive  force 
which  the  machine  is  capable  of  developing  is 
reached.  By  means  of  this  principle  the  dvnamo 
machine  develops  its  own  magnetic  field,  thereby 
much  increasing  its  efficiency  and  economical 
operation.  Not  by  any  means,  however,  was  the 
dynamo  electric  machine  perfected  at  the  time 
mentioned.  In  1860  an  important  improvement 
had  been  made  by  Dr.  Antonio  Pacinotti  of  Pisa 
who  devised  the  first  electric  machine  with  a 
ring  armature.  This  machine  was  first  used  as 
an  electric  motor,  but  afterward  as  a  generator 
of  electricity.  The  discovery  of  the  principle 
of  the  reversibility  of  the  dynamo  electric  ma- 
chine (variously  attributed  to  Walenn  1860; 
Pacinotti  1864;  Fontaine,  Gramme  1873;  Dcprer 
1881,  and  others)  whereby  it  may  be  used  as  an 
electric  motor  or  as  a  generator  of  electricity 
has  been  termed  one  of  the  greatest  discoveries 
of  the  19th  century.  In  1872  the  drum  armature 
was  devised  by  Heffner-Altneck.  This  machine 
in  a  modified  form  was  subsequently  known  as 
the  Siemens  dynamo.  These  machines  were 
presently  followed  by  the  Schuckert,  Gulcher, 
Fein,  Brush,  Hochhausen,  Edison  and  the 
dynamo  machines  of  numerous  other  inventors. 

In  the  early  days  of  dynamo  machine  con- 
struction the  machines  were  mainly  arranged  as 
direct  current  generators,  and  perhaps  the  most 
important  application  of  such  machines  at  that 
time  was  in  electro-plating,  for  which  purpose 
machines  of  low  voltage  and  large  current 
strength  were  employed.  (See  Electric  Direct 
Current).  Beginning  about  1887  alternating 
current  generators  came  into  extensive  oper- 
ation and  the  commercial  development  of  the 
transformer,  by  means  of  which  currents  of 
low  voltage  and  high  current  strength  are 
transformed  to  currents  of  high  voltage  and 
low  current  strength,  and  vice-versa,  in  time 
revolutionized  the  transmission  of  electric 
power  to  long  distances.  Likewise  the  introduc- 
tion of  the  rotary  converter  (in  connection  with 
the  °stcp-down»  transformer)  which  converts 
alternating  currents  into  direct  currents  (and 
vice-versa)  has  effected  large  economies  in  the 
operation  of  electric  power  systems.  Sec  Elec- 
tric Alternating  Current  Machinery. 

Before  the  introduction  of  dynamo  electric 
machines,  voltaic,  or  primary,  batteries  were 
extensively  used  for  electro-plating  and  in  teleg- 
raphy. There  are  two  distinct  types  of  voltaic 
cells,  namely,  the  "open0  and  the  "closed.*  or 
"constant,"  type.  The  open  type  in  brief  is  that 
type  which  operated  on  closed  circuit  becomes, 
after  a  short  time,  polarized;  that  is,  gases  are 
liberated  in  the  cell  which  settle  on  the  negative 
plate  and  establish  a  resistance  that  reduces  the 
current  strength.  After  a  brief  interval  of  open 
circuit  these  gases  are  eliminated  or  absorbed 
and  the  cell  is  again  ready  for  operation. 
Closed  circuit  cells  arc  those  in  which  the 
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in  the  cells  are  absorbed  as  quickly  as  liberated 
and  hence  the  output  of  the  cell  is  practically 
uniform.  The  Lcclanche  and  Daniell  cells,  re- 
spectively, are  familiar  examples  of  the  "open" 
and  "closed"  type  of  voltaic  cell.  The  "open" 
cells  arc  used  very  extensively  at  present,  espe- 
cially in  the  dry  cell  form,  and  in  annun- 
ciator and  other  open  circuit  signal  sys- 
tems. Batteries  of  the  Daniell  or  "gravity™ 
type  were  employed  almost  generally  in  the 
United  States  and  Canada  as  the  source  of  elec- 
tromotive force  in  telegraphy  before  the  dynamo 
machine  became  available,  and  still  are  largely 
used  for  this  service  or  as  "local*  cells.  Bat- 
teries of  the  "gravity"  and  the  Edison-Lalandc 
types  are  still  much  used  in  "closed  circuit* 
systems. 

The  possibility  of  obtaining  the  electric  cur- 
rent in  large  quantities,  and  economically,  by 
means  of  dynamo  electric  machines  gave  im- 
petus to  the  development  of  incandescent  and 
arc  lighting.  Until  these  machines  had  attained 
a  commercial  basis  voltaic  batteries  were  the 
only  available  source  of  current  for  electric 
lighting  and  power.  The  cost  of  these  bat- 
teries, however,  and  the  difficulties  of  main- 
taining them  in  reliable  operation  were  pro- 
hibitory of  their  use  for  practical  lighting  pur- 
poses. The  date  of  the  employment  of  arc  and 
incandescent  lamps  may  be  set  at  about  1877. 
Even  in  1880,  however,  but  little  headway  had 
been  made  toward  the  general  use  of  these 
illuminants ;  the  rapid  subsequent  growth  of 
this  industry  is  a  matter  of  general  knowledge. 
(Sec  Electric  Lighting).  The  employment  of 
storage  batteries  (q.v.),  which  were  originally 
termed  secondary  batteries  or  accumulators,  be- 
gan about  1879.  Such  batteries  arc  now  utilized 
on  a  large  scale  as  auxiliaries  to  the  dynamo 
machine  in  electric  power-houses  and  substa- 
tions, in  electric  automobiles  and  in  immense 
numbers  in  automobile  ignition  and  starting 
systems,  also  in  fire  alarm  telegraphy  and  other 
signal  systems. 

In  1871  the  electric  telegraph  had  grown  to 
large  proportions  and  was  in  use  in  every  civ- 
ilized country  in  the  world,  its  lines  forming  a 
network  in  all  directions  over  the  surface  of 
the  land.  The  system  most  generally  in  use  was 
the  electromagnetic  telegraph  due  to  S.  F.  B. 
Morse  of  New  York,  or  modifications  of  his 
system.  (See  Tki.ix.raph ) .  Submarine  cables 
(see  Caiu.k)  connecting  the  Eastern  and  West- 
ern hemispheres  were  also  in  successful  oper- 
ation at  that  time.  When,  however,  at  the 
present  day  (1918)  one  views  the  vast  applica- 
tions of  electricity  to  electric  light,  electric  rail- 
ways, electric  power  and  other  purposes  (all  it 
may  be  repeated  made  possible  and  practicable 
by  the  perfection  of  the  dynamo  machine),  it 
is  difficult  to  believe  that  no  longer  ago  than 
1 87 1  the  author  of  a  book  published  in  that 
year,  in  referring  to  the  state  of  the  art  of  ap- 
plied electricity  at  that  time,  could  have  truth- 
fully written :  "The  most  important  and 
remarkable  of  the  uses  which  have  been  made 
of  electricity  consists  in  its  application  to  tele- 
graph purposes"  (Miller's  <  Magnetism  and 
Electricity,'  p.  460).  The  statement  was,  how- 
ever, quite  accurate  and  perhaps  the  time  could 
have  been  carried  forward  to  the  year  1876 
without  material  modification  of  the  remarks. 
In  that  year  the  telephone  (q.v  ),  due  to  Alex- 
ander Graham  Bell   (q.v.).  was  invented,  but 
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it  was  not  until  several  years  thereafter  that  its 
commercial  employment  began  in  earnest.  Since 
that  time  also  the  sister  branches  of  electricity 
just  mentioned  have  advanced  and  are  advanc- 
ing with  such  gigantic  strides  in  every  direc- 
tion that  it  is  difficult  to  place  a  limit  upon  their 
progress.  For  a  more  adequate  account  of  the 
use  of  electricity  in  the  arts  and  industries  see 
Electhical  Manufacturing  Industry. 

In  1864  James  Clerk  Maxwell  of  Edinburgh 
announced  his  electromagnetic  theory'  of  light, 
which  was  perhaps  the  greatest  single  step  in 
the  world's  knowledge  of  electricity.  (Consult 
Maxwell's  'Electricity  and  Magnetism,'  Vol. 
II.  Chap,  xx ).  As  already  noted  herein  Fara- 
day, and  before  him,  Ampere  and  others,  had 
inklings  that  the  luminiferous  ether  of  space 
was  also  the  medium  for  electric  action.  It 
was  known  by  calculation  and  experiment  that 
the  velocity  of  electricity  was  -approximately 
186,000  miles  per  second;  that  is,  equal  to  the 
velocity  of  light,  which  in  itself  suggests  the 
idea  of  a  relationship  between  .electricity  and 
■light."  A  number  of  the  earlier  philosophers 
or  mathematicians,  as  Maxwell  terms  them,  of 
the  19th  century,  held  the  new  that  electromag- 
netic phenomena  were  explainable  by  action  at 
a  distance.  Maxwell,  following  Faraday,  con- 
tended that  the  scat  of  the  phenomena  was  in 
the  medium.  The  methods  of  the  mathemati- 
cians in  arriving  at  their  results  were  synthet  cal 
while  Faraday's  methods  were  analytical.  Fara- 
day in  his  mind's  eye  saw  lines  of  force  travers- 
ing all  space  where  the  mathematicians  saw 
centres  of  force  attracting  at  a  distance.  Fara- 
day sought  the  seat  of  the  phenomena  in  real 
actions  going  on  in  the  medium ;  they  were 
satisfied  that  they  had  found  it  in  a  power  of 
action  at  a  distance  on  the  electric  fluids  (Max- 
well's ' Elect ricitv  and  Magnetism,'  preface). 

Both  of  these  methods,  as  Maxwell  points 
out,  had  succeeded  in  explaining  the  propaga- 
tion of  light  as  an  electromagnetic  phenomenon 
while  at  the  same  time  the  fundamental  concep- 
tions of  what  the  quantities  concerned  are,  radi- 
cally differed.  The  mathematicians  assumed 
that  insulators  were  barriers  to  electric  cur- 
rents; that,  for  instance,  in  a  Eeyden  jar  or 
electric  condenser  the  electricity  was  accumu- 
lated at  one  plate  and  that  by  some  occult  ac- 
tion at  a  distance  electricity  of  an  opposite  kind 
was  attracted  to  the  other  plate.  Maxwell,  look- 
ing further  than  Faraday,  reasoned  that  if  light 
is  an  electromagnetic  phenomenon  and  is  trans- 
missible through  dielectrics  such  as  class,  the 
phenomenon  must  be  in  the  nature  of  electro- 
magnetic currents  in  the  dielectrics.  He  there- 
fore contended  that  in  the  charging  of  a  con- 
denser, for  instance,  the  action  did  not  stop  at 
the  insulator,  hut  that  the  "displacement"  cur- 
rents arc  set  up  in  the  insulating  medium,  which 
currents  continue  until  the  resisting  force  of  the 
medium  equals  that  of  the  charging  force.  In  a 
closed  circuit  conductor  an  electric  current  is 
also  a  displacement  of  electricity.  The  con- 
ductor offers  a  certain  resistance,  akin  to  fric- 
tion, to  the  displacement,  and  heat  is  developed 
in  the  conductor,  proportional  as  already-  stated 
herein  to  the  square  of  the  current.  wh:ch  cur- 
rent flows  as  long  as  the  impelling  electric  force 
continues.  This  resistance  may  be  likened  to 
that  met  with  by  a  ship  as  in  its  progress  it 
displaces  the  water.  The  resistance  of  the 
dielectric  is  of  a  different  nature  and  has  been 
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compared  to  the  compression  of  multitudes  of 
springs,  which,  under  compression,  yield  with 
an  increasing  back  pressure,  up  to  a  point  where 
the  total  back  pressure  equals  the  initial  pres- 
sure. When  the  initial  pressure  is  withdrawn 
the  energy  expended  in  compressing  the 
•springs9  is  returned  to  the  circuit,  concurrently 
with  the  return  of  the  springs  to  their  original 
condition,  this  producing  a  reaction  in  the  op- 
posite direction.  Consequently  the  current  due 
to  the  displacement  of  electricity  in  a  con- 
ductor may  be  continuous,  while  the  displace- 
ment currents  in  a  dielectric  are  momentary 
and,  in  a  circuit  or  medium  which  contains  but 
little  resistance  compared  with  capacity  or  in- 
ductance reaction,  the  currents  of  discharge  are 
of  an  oscillatory  or  alternating  nature.  (See 
Oscillating  Current;  Telegraphy,  Wire- 
less). Maxwell  extended  this  view  of  displace- 
ment currents  in  dielectrics  to  the  ether  of  free 
space.  Assuming  light  to  be  the  manifestation 
of  alterations  of  electric  currents  in  the  ether, 
and  vibrating  at  the  rate  of  light  vibrations, 
these  vibrations  by  induction  set  up  correspond- 
ing vibrations  in  adjoining  portions  of  the 
ether,  and  in  this  way  the  undulations  corre- 
sponding to  those  of  light  are  propagated  as  an 
electromagnetic  effect  in  the  ether.  Maxwell's 
electromagnetic  theory  of  light  obviously  in- 
volved the  existence  of  electric  waves  in  free 
space,  and  his  followers  set  themselves  the  task 
of  experimentally  demonstrating  the  truth  of 
the  theory.  This  honor  was  reserved  for  Prof. 
H.  Hertz,  who  in  1887  in  a  scries  of  experi- 
ments proved  the  actual  existence  of  such 
waves.  The  discovery  of  electric  waves  in 
space  naturally  led  to  the  discovery  and  intro- 
duction in  the  closing  years  of  the  19th  century, 
of  wireless  telegraphy  (q.v.),  various  systems 
of  which  are  now  in  successful  use  on  ship- 
board, l.ghthouscs  and  shore  and  inland  stations 
throughout  the  world,  by  means  of  which  in- 
telligence is  transmitted  across  the  widest 
oceans  and  large  parts  of  continents. 

In  1891  notable  additions  to  our  knowledge 
of  the  phenomena  of  high  frequency  and  high 

?>tential  current  were  contributed  by  Nikola 
csla  (q.v.).  (Consult  (Proc.  Am.  Inst.  El. 
Engrs.,'  1901).  Amongst  the  novel  experi- 
ments performed  by  Tcsla  was  to  take  in  his 
hand  a  glass  tube  from  which  the  air  had  been 
exhausted,  then  bringing  his  body  into  contact 
with  a  wire  carrying  currents  of  high  potential, 
the  tube  was  suffused  with  a  pleasing  bright 
glow.  Another  experiment  was  to  grasp  a  bulb 
that  was  suspended  from  a  single  wire  attached 
to  a  high  potential,  high  frequency  current  cir- 
cuit, when  a  platinum  button  within  the  bulb 
was  brought  to  vivid  incandescence,  the  experi- 
menter at  this  time  standing  on  an  insulating 
platform.  The  frequency  and  potential  in- 
volved in  the  experiments  made  by  Tcsla  at 
this  time  were  of  the  order  of  one  or  more 
million  cycles  and  volts.  For  further  informa- 
tion relative  to  these  experiments  the  reader 
may  be  referred  to  Tesla's  'Experiments  with 
Alternate  Currents  of  High  Potential  and  High 
Frequency.' 

The  place  of  electricity  in  leading  up  to  the 
discovery  of  those  beautiful  phenomena  of 
the  Crookes  Tube  (due  to  Sir  William 
Crookes),  viz.,  Cathode  rays  (consult  'Proc. 
British  Association.*  1879),  and  later  to  the 
discovery   of    Roentgen    or    X-ravs  (q.v.), 


must  not  be  overlooked,  since  without  electric- 
ity as  the  excitant  of  the  tube  the  discovery 
of  the  rays  might  have  been  postponed  in- 
definitely. 

It  has  been  noted  herein  that  Dr.  William 
Gilbert  was  termed  the  founder  of  electrical 
science.  This  must,  however,  be  regarded  as  a 
comparative  statement.  Up  to  the  middle  of 
the  19th  century,  indeed  up  to  about  1870,  elec- 
trical science  was,  it  may  be  said,  a  sealed  book 
to  the  majority  of  electrical  workers.  Prior  to 
this  time  a  number  of  handbooks  had  been 
published  on  electricity  and  magnetism,  notably 
Aug.  de  La  Rive's  exhaustive  'Treatise  on 
Electricity,'  1851  and  (in  the  French)  1835; 
Beer's  'Einleitung  in  die  Elcctrostatik,'  Wiede- 
mann's 'Galvanismus,*  and  Reiss'  'Reibungsal- 
elektricitat.'  But  these  works  consisted  in  the 
main  in  details  of  experiments  with  electricity 
and  magnetism,  and  but  little  with  the  laws  and 
facts  of  those  phenomena.  About  this  time 
Flceming  Jenkin's  work  on  'Electricity  and 
Magnetism'  and  Clerk  Maxwell's  'Treatise  on 
Electricity  and  Magnetism*  were  published. 
These  books  were  departures  from  the  beaten 
path.  As  Jenkin  states  in  the  preface  to  his 
work  the  science  of  the  schools  was  so  dissim- 
ilar from  that  of  the  practical  electrician  that 
it  was  quite  impossible  to  give  students  suffi- 
cient, or  even  approximately  sufficient,  text- 
books. A  student  he  said  might  have  mastered 
De  la  Rive's  large  and  valuable  treatise  and  yet 
feel  as  if  in  an  unknown  country  and  listening 
to  an  unknown  tongue  in  the  company  of  prac- 
tical men.  As  another  writer  has  said,  with  the 
coming  of  Jenkin's  and  Maxwell's  books  all  im- 
pediments in  the  way  of  electrical  students 
were  removed,  "the  full  meaning  of  Ohm's  law 
becomes  clear;  electromotive  force,  difference 
of  potential,  resistance,  current,  capacity,  lines 
of  force,  magnetization  and  chemical  affinity 
were  measurable,  and  could  be  reasoned  about, 
and  calculations  could  be  made  about  them  with 
as  much  certainty  as  calculations  in  dynamics* 
(Introduction  to  'Electricity  in  the  Service  of 
Man').  Since  that  time  also  the  real  science 
of  electricity  has  rapidly  advanced.  Various 
units  of  electricity  and  magnetism  have  been 
adopted  and  named  by  representatives  of  the 
electrical  engineering  institutes  of  the  world, 
which  units  and  names  have  been  confirmed  and 
legalized  by  the  governments  of  the  United 
States  and  other  countries.  Thus  the  Volt, 
from  the  Italian  Volta,  has  been  adopted  as  the 
practical  unit  of  electromotive  force,  the  Ohm, 
from  the  enunciator  of  Ohm's  law,  as  the 
practical  unit  of  resistance;  the  Ampere,  after 
the  eminent  French  scientist  of  that  name,  as 
the  practical  unit  of  current  strength,  the  Henry 
as  the  practical  unit  of  inductance,  after  Joseph 
Henry  and  in  recognition  of  his  early  and  im- 
portant experimental  work  in  mutual  induction. 
Sec  Electrical  Units;  Electrical  Terms. 

The  theories  regarding  electricity  are  also 
undergoing  change.  Indeed  it  mav  with  truth 
be  said  that  the  trend  of  all  scientific  investiga- 
tion now  leads  to  the  conclusion  that  matter  in 
its  final  analysis  is  electrical  in  its  nature  —  in 
fact  is  electricity;  the  theory  upon  which  this 
view  is  based  being  termed  the  electronic  the- 
ory, or  the  electric  theory  of  matter.  See 
Electron. 

This  theory  (or  better,  hypothesis)  in  a 
word  assumes  that  the  atom  of  matter,  so  far 
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from  being  indivisible,  as  assumed  under  the 
older  theories,  is  made  up  of  smaller  bodies 
termed  electrons,  that  these  electrons  arc 
electrical  in  their  nature,  and  consequently 
all  matter  ultimately  is  electrical,  the  atoms 
of  the  different  elements  of  matter  con- 
sisting of  a  certain  number  of  electrons,  thus, 
700  in  the  hydrogen  atom  and  11,200  in  the 
oxygen  atom.  This  theory  of  matter  though  of 
comparatively  recent  origin  in  several  of  its  im- 
portant features  is  not  altogether  one  of  a  day, 
nor  is  it  due  to  the  researches  of  one  man  or 
to  the  conception  of  one  mind.  Thus,  as  re- 
gards the  view  that  the  atom  is  not  an  indi- 
visible particle  of  matter,  but  is  made  up  of 
numerous  electrons,  many  scientists  have  for 
years  held  that  all  the  elements  arc  modifica- 
tions of  a  single  hypothetical  substance,  protyle, 
"the  undifferentiated  material  of  the  universe." 
Nor  is  the  theory  entirely  new  in  its  assump- 
tion that  all  matter  is  electrical.  Faraday. 
VVcbcr,  Helmholtz,  Gifford  and  others  had 
glimpses  of  this  view ;  and  the  experimental, 
work  of  Zccman,  Goldstein.  Crookes,  J.  J. 
Thomson  and  others  had  greatly  strengthened 
this  view.  Over  35  years  ago  Weber  predicted 
that  electrical  phenomena  were  due  to  the  exist- 
ence of  electrical  atoms,  the  influence  of  which 
on  one  another  depended  on  their  position  and 
relative  accelerations  and  velocities.  Helmholtz 
and  others  also  contended  that  the  existence  of 
electrical  atoms  followed  from  Faraday's  laws 
of  electrolysis,  and  Johnstone  Stonev,  to  whom 
is  due  the  term  "electron,1*  showed  that  each 
chemical  ion  of  the  decomposed  electrolyse  car- 
ries a  definite  and  constant  quantity  of  electric- 
ity, and  inasmuch  as  these  charged  ions  are 
separated  on  the  electrodes  as  neutral  sub- 
stances there  must  be  an  instant,  however  brief, 
when  the  charges  must  be  capable  of  existing 
separately  as  electrical  atoms;  while  in  1887, 
Clifford  (civ.)  wrote:  "There  is  great  reason 
to  believe  that  every  material  atom  carries  upon 
it  a  small  electric  current,  if  it  does  not  wholly 
consist  of  this  current." 

Whether  the  electronic  theory'  will  survive 
or  will  in  turn  be  displaced  by  some  more 
suitable  theory  remains  for  the  future  to  de- 
termine. In  the  meantime,  be  that  as  it  may, 
the  practical  application  of  electricity  will  go 
on  apace.  It  is  an  every  day  saying  of  laymen 
that  electricity  is  as  yet  In  its  infancy.  This  re- 
mark causes  technical  men  to  smile,  for 
"electricity*  is  already  a  most  prodigious  infant. 
But  in  the  sense  that  we  may  only  be  on  the 
threshold  of  the  possible  utilizations  of  this 
most  wonderful  of  nature's  agents,  the 
remark  is  perhaps  true.  Predictions  that  were 
with  diffidence  made  in  the  closing  decade  of 
last  century  to  the  effect  that  within  100  years 
of  that  time  people  would  probably  speak  to 
one  another  without  artificial  means  of  com- 
munication ;  that  wires  would  be  laid  along 
every  street  and  tapped  into  every  house  as  gas 
pipes  were  then,  for  lighting  and  power  pur- 
poses, have  been  for  a  decade  facts  accom- 
plished. What  the  next  20  years  shall 
brine  forth  with  regard  to  the  applications  of 
electricity  none  can  tell  Twenty  years  ago  it 
would  have  been  difficult  to  find  one  steam  rail- 
road engineer  willing  to  admit  that  application 
of  electric  traction  to  steam  railroads  was  a 
possibility.    To-day  much  has  been  done  in  this 
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direction  in  the  improvement  of  railroad  termi- 
nal facilities,  and  it  is  now  difficult  to  find  one 
steam  railroad  engineer  who  will  deny  that  in 
20  years  hence  all  the  important  steam  railroads 
of  this  country  may  not  be  operated  electrically. 
In  other  directions  the  progress  of  events  as  to 
the  utilization  of  electric  power  may  be  ex- 
pected to  be  equally  rapid.  In  every  part  of  the 
world  the  power  of  falling  water,  nature's  per- 
petual motion  machine,  which  has  been  going 
to  waste  since  the  world  began,  is  now  being 
converted  into  electricity  and  transmitted  by 
wire  hundreds  of  miles  to  points  where  it  is 
usefully  and  economically  employed.  (See 
Electric  Transmission  of  Energy).  But  the 
extensive  utilization  of  falling  water  will  not 
be  limited  to  natural  water  falls.  In  hundreds 
of  places  where  a  fall  of  40  to  400  feet  extends 
over  10  to  50  miles,  and  where  in  the  aggregate 
hundreds  of  thousands  of  horse  power,  by  suit- 
able hydraulic  methods,  are  available,  this  power 
will  be  usefully  employed,  thereby  in  large 
measure  conserving  the  limited  quantity  of 
the  world's  coal.  It  has  for  instance  been  pro- 
posed to  dam  Niagara  River  at  the  foot  of  the 
gorge  whereby  another  source  of  water  power 
equal  to  that  at  the  present  falls  would  be  avail- 
able. The  Jehlun  River  in  Kashmir,  India,  too, 
has  a  fall  of  2,480  feet  in  80  miles  with  a  mini- 
mum flow  of  30,000  gallons  per  second,  and  a 
beginning  has  been  made  to  develop  the  1,000- 
000  electric  horse  power  here  represented,  a 
considerable  portion  of  which  it  is  proposed  to 
utilize  in  the  production  of  nitrate  of  lime  for 
fertilizer  purposes,  by  combining  by  means  of 
powerful  electric  currents  the  limestone  that 
abounds  in  this  region  with  the  nitrogen  of  the 
air,  a  combination  which  Danish  engineers  have 
shown  to  be  commercially  possible,  and  which 
inexhaustible  product  may  in  time  be  economi- 
cally available  to  replenish  the  failing  powers  of 
the  farm  lands  of  America  and  other  countries. 
Within  10  or  20  years  also  that  dream  of  the 
electrical  engineer,  the  direct  production  of 
electricity  from  coal  without  the  intervention  of 
the  steam  engine  with  its  wasteful  methods, 
may  be  realized.  Other  means,  now  unknown, 
of  developing  electricity  may  be  wrested  from 
nature's  storehouse.  Indeed  in  view  of  the  past 
progress  of  electricity,  and  especially  in  view  of 
its  marvelous  progress  in  the  last  two  decades, 
theoretically  and  practically,  it  requires  no 
great  exercise  of  the  imagination  to  conceive 
that  the  time  may  not  be  far  distant  when  the 
universal  artificial  source  of  the  world's  heat, 
light  and  power,  will  be  electricity,  and  that 
what  is  now  only  surmise  as  to  the  sameness  of 
electricity  and  matter  will  be  demonstrated 
beyond  reasonable  doubt.  Not  only  will  wire- 
less telegraphy  be  more  perfected  than  at 
present,  but  wireless  telephony,  and  "seeing  by 
electricity"  to  a  distance,  may  all  be  practically 
accomplished.  Indeed,  it  is  not  even  beyond  the 
possibilities  that  the  transference  of  thought 
directly  from  brain  to  brain  with  the  ether  as 
the  medium  — the  suggestion  of  which  is  now 
regarded  as  the  vaearv  of  a  disordered  imagina- 
tion —  may  then  also  be  realized.  In  short  our 
successors  of  25  or  30  vears  hence  may  wonder 
at  our  obtuseness  in  not  perceiving  the  obvious- 
ness of  things  which  to  them  may  then  be  self- 
evident,  virtually  as  we  now  marvel  at  the 
simplicity  of  our  cleverest  ancestors  in  so  long 
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failing  to  recognize  the  identity  of  f actional, 
animal,  and  voltaic  electricity,  or  the  more  sim- 
ple fact  that  the  wind,  by  them  regarded  as  a 
phenomenon,  is  merely  air  in  motion. 

William  Maver,  Jr., 


Author  of  ^American  Telegraphy  and  Encyclo- 
pedia of  the  Telegraph1;  Fellow,  American 
Institute  Electrical  Engineers. 

ELECTRICITY,  Atmospheric.  Experi- 
ments have  shown  that  there  is  always  free 
electricity  in  the  atmosphere,  which  is  some- 
times negative  and  sometimes  positive,  but  most 
generally  positive,  and  the  intensity  of  this  free 
electricity  is  greater  in  the  middle  of  the  day 
than  at  morning  or  night  and  is  greater  in  win- 
ter than  in  summer.  In  fine  weather  the  poten- 
tial increases  with  altitude  at  the  rate,  accord- 
ing to  some  writers,  of  about  30  volts  per  foot. 
To  detect  the  presence  of  free  electricity  in  the 
air  a  pointed  metal  rod  projecting  into  the  air 
several  feet  and  connected  at  its  lower  end  to 
a  gold  leaf  electroscope  may  be  used.  When 
this  rod  is  projected  into  the  air  a  few  feet  the 
leaves  diverge.  Kites  and  balloons  have  also 
been  used  to  detect  and,  so  to  speak,  draw  down 
the  free  electricity  of  the  air.  The  origin  of 
atmospheric  electricity  is  still  unknown.  Some 
physicists  have  ascribed  it  to  the  friction  of  the 
air  upon  the  ground,  others  to  the  gradual 
oxidation  of  plant  and  animal  life,  others  again 
to  evaporation,  to  induction  from  the  sun,  and 
to  differences  of  temperature.  Most  authori- 
ties are  agreed,  however,  that  whatever  may 
be  the  origin  of  free  electricity  in  the  atmos- 
phere the  electricity  of  enormous  voltages  that 
disrupts  the  air  and  produces  the  phenomena 
of  lightning  (q.v.)  is  due  to  the  condensation 
of  the  watery  vapor  forming  the  clouds;  each 
minute  vapor  drop  as  it  moves  through  the  air 
collecting  upon  its  surface  a  certain  amount  of 
free  electricity.  Then  as  these  drops  of  vapor 
coalesce  into  larger  drops  with  a  corresponding 
decrease  in  the  total  surface  exposed  the  elec- 
tric potential  rises  until  it  overcomes  the  resist- 
ing power  of  the  air.  This  remark  will  be  more 
clearly  understood  when  it  is  considered  that 
with  a  given  charge  of  electricity  its  potential 
rises  as  the  electrical  capacity  of  the  object 
holding  the  charge  is  decreased,  which  is  the 
case  when  the  minute  vapor  drops  coalesce  into 
larger  drops.  The  similarity  of  lightning  to 
the  electricity  developed  by  an  electrical 
machine  was  demonstrated  by  Franklin  in  his 
memorable  kite  experiments. 

Saint  Elmo's  fire  (q.v.)  is  another  phase  of 
atmospheric  electricity  to  be  considered  in  this 
connection.  It  is  otherwise  known  as  the  fire 
of  Saint  Elias,  of  Saint  Clara,  of  Saint  Nicho- 
las and  of  Helena,  as  well  as  composite,  com- 
posant  or  corposant  (that  is  corpus  sancium). 
The  phenomenon  is  observed,  usually  during  a 
thunder  storm,  at  the  tops  of  trees,  spires,  etc., 
or  on  the  heads  of  animals,  as  a  brush  or  star 
of  light. 

ELECTRICITY,  Cause  of  Death  by.  As 

is  well  known,  one  of  the  most  impor- 
tant safeguards  of  the  human  body  against 
the  passage  of  electrical  current's  through  it  is 
its  high  degree  of  resistance.  This  degree  of 
resistance,  however,  is  subject  to  a  considerable 
amount  of  variation.  If  the  skin  is  drv  the  re- 
sistance is  from  5  to  20  times  as  great  as  when 


the  skin  is  wet.  From  what  is  known  of  the 
amount  of  electrical  current  necessary  to  cause 
death  in  man,  it  is  probable  that  1,600  volts  of 
electromotive  force,  of  a  continuous  current, 
is  sufficient  to  bring  about  this  end,  and  that 
an  alternating  current  of  half  this  voltage 
would  probably  be  fatal.  In  fact,  the  general 
deduction  has  been  drawn  from  the  experiments 
conducted  in  electrocution  work  at  the  Sing 
Sing  prison,  that  no  human  body  can  withstand 
an  alternating  current  of  1,500  volts,  and  300 
has  produced  death,  while  for  the  continuous 
current  it  may  be  necessary  that  over  3,000  volts 
may  be  required  to  bring  about  fatal  results. 
Some  of  the  minor  injuries  due  to  lightning  and 
electricity  are  severe  bums,  paralysis  of  some 
of  the  muscles,  deafness,  loss  of  smell  and  taste, 
hysterical  phenomena,  traumatic  neuroses.  Oc- 
casionally blindness  has  resulted,  also  insanities 
of  the  maniacal  type  have  been  known  to  occur, 
following  lightning  stroke.  As  to  the  cause  of 
death  by  lightning  and  electricity,  modern  re- 
search has  shown  that  there  are  marked  changes 
in  the  blood  vessels  of  a  hemorrhagic  type,  and 
minute  alterations  in  the  nerve  cells,  but  these 
seem  to  be  secondary  to  the  physiological  action 
that  the  electrical  current  has  upon  the  fibres 
of  the  heart  muscle.  The  electrical  shock 
brings  about  a  condition  of  delirium  or  fibril- 
lary contraction  of  the  heart  muscle,  causing  a 
stoppage  of  that  organ.  This  theory  of  the 
cause  of  death  at  present  has  the  largest  num- 
ber of  adherents. 

As  to  what  can  be  done  for  the  treatment 
of  electrical  shocks,  medical  science  is  still 
somewhat  in  doubt.  For  all  practical  purposes, 
death,  when  it  takes  place,  is  instantaneous. 
The  evidence  derived  from  non-fatal  cases  is 
of  great  interest.  In  these,  personal  experience 
has  shown  that  a  number  of  individuals  who 
have  been  rendered  unconscious  have  recognized 
in  the  brief  moments  of  consciousness  the  ex- 
perience of  a  strange  sensation.  Recoveries 
from  the  shock  of  electricity  or  lightning  which 
have  been  severe  enough  to  bring  about  uncon- 
sciousness are  very  common.  As  to  the  border 
lines  which  separate  the  recoverable  from  the 
fatal  cases  it  seems  difficult  to  determine. 
Promptness  in  the  treatment  is  imperative.  Ex- 
ternal heat  to  the  body,  artificial  respiration 
and  cardiac  stimulants  should  be  used  simulta- 
neously. It  is  of  importance  to  remember  that 
the  body  of  a  patient  in  contact  with  live  wires 
must  not  be  touched  by  the  rescuer  with  naked 
hands,  but  should  be  dragged  away  by  his 
clothing,  or  removed  from  contact  with  the 
earth  by  slipping  a  board  under  him,  thus  to 
break  the  connection  with  the  live  wires.  Live 
wires  may  also  be  raised  by  a  stick  and  thus 
take  the  body  out  of  the  circuit.  Artificial 
respiration  (q.v.)  by  the  Sylvester  method  or 
by  means  of  the  Gibbon's  pump  should  be  per- 
formed and  the  body  should  be  surrounded  by 
hot  bottles  or  bricks,  and  rubbed,  and  suitable 
cardiac  stimulants  should  be  utilized.  Injec- 
tions of  large  quantities  of  hot  salt  solution 
into  the  rectum  may  be  of  service  and  occa- 
sionally it  may  be  necessary  to  infuse  normal 
salt  solution  directly  into  the  veins.  Efforts  at 
artificial  respiration  should  not  be  discontinued 
under  from  three  to  six  hours.  Consult  Jelliffe, 
'Peterson  and  Havnes  Textbook  of  Legal 
Medicine  and  Toxicology.* 
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ELECTRICITY,  FRICTIONAL 


ELECTRICITY,  Contact  Theory  of,  a 

theory  which  assumes  that  the  electromotive 
force  of  a  voltaic  cell,  and  perhaps  the  electric- 
ity produced  by  friction,  is  due  to  the  difference 
of  potential  assumed  by  two  dissimilar  sub- 
stances when  placed  in  contact. 

ELECTRICITY,  Diffusion  of.  Electricity 
diffuses  itself  on  the  surface  of  a  conductor. 
This  may  be  proved  very  easily,  by  a  simple 
apparatus  devised  by  Faraday.  An  insulated 
spherical  conductor  has  two  hemispherical  cups 
carefully  fitted  to  it,  each  attached  to  an  insu- 
lating handle.  The  conductor  and  its  covering 
are  charged  with  electricity,  the  cups  arc  then 
removed  and  the  conductor  is  brought  near  an 
electroscope.  No  divergence  of  the  leaves  oc- 
curs, indicating  that  none  of  the  electricity  has 
passed  into  the  conductor.  If  the  conductor 
have  a  spherical  shape,  the  electricity  distributes 
itself  equally  over  the  surface;  in  other  words, 
the  density  is  the  same  on  every  part  of  the 
surface.  We  may  conceive  the  electric  fluid 
to  surround  the  conductor  as  an  ocean  of  uni- 
form depth.  If  the  conductor  be  a  brass  disc, 
the  electricity  is  found  in  greater  quantity  at 
the  edges  or  rim.  If  it  be  a  brass  cylinder  with 
rounded  ends,  the  density  is  greatest  at  the 
ends.  If  the  conductor  have  the  shape  of  a 
cone,  the  density  is  greatest  at  the  apex,  and 
the  sharper  the  apex  the  greater  the  density. 
Hence  the  remarkable  effect  of  a  pointed  body 
in  dissipating  an  electric  charge. 

ELECTRICITY,  Dissipation  of.  The 

gradual  loss  of  electricity  from  a  charged  body 
surrounded  by  non-conductors  which  takes 
place  by  means  of  them  is  called  dissipation  of 
the  electric  charge.  A  charged  conductor,  for 
instance,  supported  on  a  glass  pillar,  slowly 
loses  its  electricity.  This  is  due  partly  to  the 
creeping  of  the  electricity  along  the  surface  of 
the  glass,  which,  even  if  it  be  free  from  dust  and 
dirt,  is  seldom  absolutely  free  from  an  invisible 
film  of  moisture ;  and  partly  to  the  air  that  sur- 
rounds the  insulated  conductor,  the  electrified 
body  charging  the  particles  of  air  with  similar 
electricity  and  then  repelling  them,  by  which 
means  a  gradual  loss  of  charge  occurs.  Ex- 
periments extending  over  a  period  of  several 
years  show  that  this  dissipation  of  electricity 
does  not  take  place  in  a  vacuum.  Coulomb 
made  a  careful  investigation  into  the  laws  of 
dissipation,  by  which  he  was  able  to  allow  for 
it  in  cases  where  he  could  not  arrange  his  ex- 
periments so  as  to  be  undisturbed  by  it.  Cou- 
lomb was  led  by  his  experiments  to  abandon 
the  use  of  glass  as  a  support  for  his  conductors 
whenever  it  was  possible,  employing  instead 
thin  stems  of  shellac,  and  sometimes  suspending 
small  electrified  bodies  by  well-dried  silk  fibres. 
He  found  that  the  amount  of  loss  in  a  given 
time  by  means  of  the  particles  of  air  diminishes 
as  the  charge  possessed  by  the  conductor  gets 
weaker  ana  weaker,  the  losses  in  successive 
equal  intervals  of  time  being  in  geometrical 
progression. 

ELECTRICITY,  Experimental  Researches 

in,  by  Michael  Faraday  (1839-55).  A  monu- 
mental work  in  the  literature  of  science;  not 
merely  recording  the  results  of  experiment  in 
what  Tvndall  called  "a  career  of  discovery  un- 
paralleled in  the  history  of  pure  experimental 


science*  but  enriching  the  record  with  thoughts, 
and  clothing  it  in  many  passages  in  a  style 
worthy  of  exceptional  recognition.  In  devising 
and  executing  experiments  for  passing  beyond 
the  limits  of  existing  knowledge,  in  a  field  the 
most  difficult  ever  attempted  by  research,  Fara- 
day showed  a  genius  and  achieved  a  success, 
marking  him  as  a  thinker  not  less  than  an  ob- 
server of  the  first  order.  In  strength  and 
surcness  of  imagination,  penetrating  the  secrets 
of  force  in  nature,  and  putting  the  finger  of 
exact  demonstration  upon  them,  he  was  a 
Shakespeare  of  research,  the  story  of  whose 
work  has  a  permanent  interest.  He  made  elec- 
tricity, in  one  of  its  manifestations,  explain 
magnetism.  He  showed  to  demonstration  that 
chemical  action  is  purely  electrical,  and  that  to 
electricity  the  atoms  of  matter  owe  those  prop- 
erties which  constitute  them  elements  in  nature. 
In  language  of  lofty  prophetic  conception  he 
more  than  suggested  that  the  physical  secret 
of  living  things,  the  animal  and  the  plant,  is 
electrical.  He  particularly  dwelt  on  the  amount 
of  electricity  forming  the  charge  carried  by  the 
oxygen  of  the  air,  which  is  the  active  agent  in 
combustion  and  the  supporter  of  life  in  both 
animals  and  plants,  and  only  stopped  short  of 
definitely  pronouncing  vitality  electrical.  He 
urged  very  strongly  as  a  belief,  to  which  no 
test  of  experiment  could  be  applied,  that  gravi- 
tation is  by  electrical  agency,  and  that  in  fact 
the  last  word  of  discovery  and  demonstration 
in  physics  will  show  that  electricity  is  the  uni- 
versal agency  in  nature.  And  among  his  far- 
reaching  applications  of  thought  guided  by  new 
knowledge  was  his  rejection  of  the  idea  of 
•action  at  a  distance,*  in  the  manner  of  "attrac- 
tion.* If  a  body  is  moved,  it  is  not  by  a  mys- 
terious pull,  but  by  a  push.  The  moving  force 
carries  it.  These  ideas  outran  the  power  of 
science  to  immediately  understand  and  accept. 
But  Maxwell,  Hertz  and  Helmholtz  have  led 
the  way  after  Faraday,  to  the  extent  that  his 
electrical  explanation  of  light  is  now  fully  ac- 
cepted. Fifteen  years  after  his  death,  the  great- 
est of  his  successors  in  physics,  Helmholtz  of 
Berlin,  said  in  a  Faraday  lecture  in  London, 
that  the  later  advances  in  electrical  science  had 
more  than  confirmed  Faraday's  conclusions,  and 
that  English  science  had  made  a  mistake  in 
not  accepting  them  as  its  point  of  departure 
for  new  research.    See  Light. 

ELECTRICITY,  Frictional.  It  was  an  ob- 
servation made  by  the  Greek  philosopher  Thales, 
600  years  before  the  Christian  era,  that,  when 
amber  was  rubbed,  it  acquired  the  property  of 
attracting  light  bodies.  The  cause  of  this  at- 
tractive power  was  assigned  to  a  principle  to 
which  the  name  of  "electricity*  was  given  — 
derived  from  the  Greek  word  for  amber.  When 
a  piece  of  wax  is  ruhbed  on  the  coatsleeve,  an 
attractive  power  is  awakened  in  it;  it  is  capable 
of  attracting  small  pieces  of  light  paper  or  par- 
ticles of  sawdust.  Taking  a  warm  glass  tube 
closed  at  one  end,  and  rubbing  it  with  silk,  the 
same  thing  is  manifested.  It  is  observed  also 
that  after  contact  with  the  wax  or  tube,  the  light 
bodies  fall  away,  being  seemingly  repelled.  If 
a  stick  of  sealing-wax  be  rubbed  with  flannel 
and  then  balanced  on  a  paper  loop  suspended  by 
a  silk  thread  and  the  knuckle  be  presented  to  it. 
the  wax  will  in  like  manner  follow  the  hand. 
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Wc  have,  therefore,  the  fact  that  an  electrified 
body  attracts  or  is  attracted  by  an  unelectrified 
body.  Another  experiment  of  a  simple  char- 
acter may  be  mentioned.  Take  a  piece  of  warm 
brown  paper  or  sheet  of  foolscap,  place  it  upon 
a  warm  board  and  rub  it  well  over  with  a  piece 
of  india-rubber,  —  it  clings  to  the  board ;  or  re- 
move it  from  the  board  and  apply  it  to  the 
wall  of  the  room,  and  it  adheres  to  the  wall  and 
remains  in  its  position  till  its  electricity  is  dis- 
sipated. Observation  of  these  phenomena  led 
to  the  development  of  the  electric  machine 
(q  v.). 

ELECTRICITY  PROM  HEAT.  The  de- 
riving of  electricity  directly  from  the  application 
of  heat  is  interesting,  though  it  has  not  proven 
of  commercial  value.  Two  different  metals  in 
contact  usually  show  a  difference  of  potential. 
This  difference  is  most  marked  in  the  case 
of  bismuth  and  antimony.  When  bars  of  these 
metals  are  soldered  together  at  one  end  and  the 
opposite  ends  connected  hy  a  copper  wire,  and 
a  flame  is  applied  to  the  point  of  junction  a 
slight  electric  current  is  set  up,  flowing  through 
the  closed  circuit  thus  formed.  The  cooling  of 
the  point  of  junction  also  sets  up  a  current.  An 
apparatus  made  on  this  principle  is  called  a 
thermo-electric  couple,  and  a  series  of  such 
couples,  arranged  to  work  together,  is  called  a 
thermopile;  a  still  larger  aggregation  of  thermo- 
electric couples  arranged  in  rings  superimposed 
has  been  styled  a  thermo-electric  generator. 
With  any  of  these  contrivances  the  current  ob- 
tained is  so  minute  as  to  serve  no  purpose 
except  experiment.  The  thermopile  is  valued 
for  experimental  purposes  because  of  the  great 
constancy  obtainable  with  a  very  slight  current. 
Iron  is  not  a  good  metal  to  use  in  a  thermopile, 
because  at  certain  temperatures  its  potential 
coincides  with  nearly  all  other  metals,  so  that 
there  would  be  no  current  when  that  tempera- 
ture was  reached. 

Pyroelcctricity  is  not  to  be  confused  with 
thermo-electricity  because  of  the  similarity  of 
name.  It  treats  of  the  phenomena  of  electric 
polarity  in  minerals  on  being  heated  or  cooled. 
The  quality  of  pyroelcctricity  is  best  shown  in 
tournaline,  a  crystal  of  which  on  being  heated 
from  about  10"  to  150°  C.  displays  positive  elec- 
trification at  one  end  and  negative  at  the  other; 
but  on  cooling  the  polarity  is  reversed  and  the 
positive  and  negative  ends  change  places.  Twin 
crystals  of  quartz  also  show  the  phenomena  and 
other  crystals  in  a  lesser  degree. 

ELECTRICITY  IN  MEDICINE.  See 

ELECTROT II KR  A  PF.U  T  ICS. 

ELECTRICITY    IN    MINING.  Sec 

Mines  and  Mixing. 

ELECTRICS   and  NON-ELECTRICS. 

The  chief  work  of  the  earliest  experimenters 
in  electricity  was  to  divide  bodies  into  electrics, 
which  they  could  excite  by  friction,  like  amber; 
and  non-electrics,  such  as  the  metals,  which  they 
could  not  so  excite.  These  names  were  given  to 
the  two  classes  hy  Gilbert  of  Colchester  (1600). 
But  Du  Fay  (1733-45)  showed  that  electrics  are 
identical  with  non-conductors,  and  non-electrics 
with  conductors ;  and  that  the  reason  why  non- 
electrics  did  not  exhibit  excitement  by  friction 
was  that  the  electricity  was  conducted  away 
from  them  as  fast  as  it  was  produced.  The  dis- 
tinction was  thus  broken  down. 


ELECTRO-BALLISTIC  MACHINES. 

See  Gunnery. 

ELECTRO-BIOLOGY,  the  science  which 
treats  of  the  electric  currents  developed  in  living 
organisms;  also  the  department  of  knowledge 
which  treats  of  the  influence  or  control  over  the 
feelings,  thoughts  and  actions  of  a  mesmerized 
person.  Very  simple  powers  of  observation 
show  that  the  motions  of  a  man's  body  are  under 
the  direction  of  his  will.  He  puts  forth  his 
hand  because  he  wills  to  do  so;  he  walks 
through  volition,  even  though  his  mind  be  occu- 
pied with  other  things;  and  talks  or  is  silent  as 
his  will  directs.  It  follows  that  there  is  some 
method  by  which  the  will  communicates  with 
the  physical  mechanism  of  that  wonderful  ma- 
chine, the  human  body.  Through  anatomy  we 
learn  that  the  muscles  do  the  work,  and  that 
the  nerves  guide  the  muscles,  and  that  the  nerves 
all  proceed  from  or  centre  in  the  brain. 
Through  chiropractic  we  learn  to  plot  the  paths 
of  the  nerves  through  the  body,  and  discover 
when  their  office  is  interfered  with.  Through 
phrenology  wc  learn  that  certain  classes  of 
nerves  connect  with  certain  portions  of  the 
brain,  and  thus  certain  brain  areas  arc  identified 
with  certain  physical,  mental  and  moral  capaci- 
ties. 

But  the  thing  we  cannot  demonstrate  —  be- 
cause wc  cannot  see  it  —  is  just  how  the  will 
connects  with  a  portion  of  the  brain  and  sends 
out  its  order,  which  we  know  travels  through 
the  nerves  to  the  muscles.  Therefore  we  have 
to  theorize  as  to  how  this  is  done,  and  the  best 
theory  appears  to  be  the  electric  or  magnetic 
theory,  that  that  which  Mcsmer  called  "animal 
magnetism"  is  the  medium  of  exchange.  This 
is  not  meant  as  an  endorsement  of  all  that  Mcs- 
mer said  and  did  —  far  from  it  —  but  simply 
that  the  force,  process  or  thing  used  and  little 
understood  by  Mesmer  is  the  same  force, 
process  or  thing  that  translates  a  man's  will 
into  brain  action.  The  problem  is  elucidated  by 
a  study  of  hypnotism  and  mediumistic  control. 
It  will  be  remembered  that  mesmerism  and 
hypnotism  have  been  identified  as  based  on  the 
same  natural  laws,  and  that  all  authorities  on 
the  subject  are  in  agreement  that  in  hypnotism 
one  person's  will  is  replaced  by  another  person's. 
The  subject  (or  victim)  of  a  hypnotist  surren- 
ders his  will  to  the  hypnotist,  to  the  degree  in 
which  he  is  brought  under  the  influence  of 
hypnosis.  This  is  why  the  subject  obeys  the 
commands  of  the  hypnotist,  even  when  told  to 
do  ridiculous  and  absurd  things.  The  hypnotist 
has  got  control  of  the  subject's  "magnetism* 
for  the  time  being,  and  he  is  helpless,  a  mere 
puppet  or  slave  of  his  hypnotist's  will.  This  is 
logical  and  rational,  and  for  a  fuller  exposition 
of  the  subject  the  reader  is  referred  to  the  arti- 
cle on  Hypnotism.  Mesmer  apparently  was 
right  in  his  assumption  that  by  mesmeric  passes 
he  gained  control  of  his  patient's  magnetism. 
His  theory  was  that  there  existed  "a  fluid 
universally  diffused,  continuous,  and  naturally 
susceptible  of  receiving,  propagating  and  com- 
municating all  motor  disturbances.8  (Binet  and 
Fere,  'Animal  Magnetism.'  p.  5.)  This  is  ex- 
actly the  sort  of  fluid  that  meets  the  require- 
ments of  transmitting  one's  will  to  one's  brain 
and  nerves;  hut  to-day  wc  do  not  use  the  word 
"fluid,"  rather  "ether*  to  express  the  medium 
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through  which  electricity,  magnetism,  X-rays 
and  similar  manifestations  are  believed  to  travel. 
Mcsmer  considered  that  the  human  body  was 
charged  with  this  magnetism  much  as  the  earth 
is  charged  with  electricity,  and  the  theory  stands 
analysis.  He  called  it  "animal  magnetism,* 
which  is  here  used  as  the  most  familiar  term, 
though  it  might  better  be  termed  "physical  mag- 
netism." That  animals  have  it  as  well  as 
humans  is  shown  by  the  fact  that  animals  can 
be  hypnotized.  Away  back  in  1646  Father 
Athanasius  Kirchncr  described  his  hypnotizing 
of  poultry,  and  later  this  became  a  fashionable 

Eastimc  in  France.    In  1872  Czermak  repeated 
is  experiments,  and  also  hypnotized  birds,  rab- 
bits, salamanders  and  crabs. 

Whether  this  animal  magnetism  is  identical 
with  animal  electricity,  or  whether  — as  is  more 
probable  -  -  it  is  a  separate  form  of  son.c  higher 
etheric  vibration  than  electricity,  is  interesting, 
but  not  all-important,  and  appears  never  to  have 
been  demonstrated.  The  vital  fact  of  interest 
in  electro-biology-  is  that  the  human  organism 
is  virtually  a  vitalized  dynamo,  that  gathers 
charge  from  the  air  breathed,  and  which  gives 
off  energy  through  the  muscles  under  the  direc- 
tion of  the  will.  Electrical  engineers  commonly 
make  this  comparison,  being  struck  with  the 
similarity  of  the  human  organism  with  the  elec- 
tric dynamo.  And  the  fact  that  the  human 
organism  gets  its  charge  of  magnetism  through 
the  air  breathed  suggests  that  human  magnetism 
is  either  universal  in  space  or  at  least  existent 
in  both  the  air  and  water  in  which  men  and 
fishes  live. 

Another  proof  of  the  reality  of  this  thing 
we  call  "animal  magnetism*  is  furnished  by 
spiritualistic  or  mediumistic  phenomena.  The 
"animal  magnetism*  is  believed  to  be  the  cause 
of  the  "aura*  of  which  every  student  has  read, 
but  which  few  have  seen.  Spiritualistic  mediums 
often  speak  of  witnessing  an  individual's  aura, 
but  this  evidence  will  satisfy  only  those  who 
believe  in  mcdiumship.  To  actually  see  the  aura 
or  evidence  of  human  magnetism  this  experi- 
ment is  suggested:  Arrange  a  perfectly  black 
background  and  place  a  large,  strong  man  about 
five  feet  in  front  of  it.  at  dusk  or  twilight.  Take 
a  position  20  to  40  feet  away,  and  gaze  steadily 
on  the  scarcely  visible  form  of  the  man.  When 
the  conditions  and  distances  are  right  anyone 
of  good  sight  will  see  a  faint  radiance  or  aura 
emanating  from  and  outlining  the  man  on  the 
black  background.  It  is  claimed  that  the  more 
moral  the  man  the  brighter  the  aura,  and  that 
this  is  why  the  old  masters  painted  auras  about 
the  heads  of  pictures  of  saints  and  especially  of 
Jesus  Christ.  Another  evidence  of  the  reality 
of  this  magnetism  comes  from  the  spiritualistic 
mediums.  They  claim  that  the  work  of  medium- 
ship  is  extremely  exhausting,  and  deprives  them 
of  their  magnetism,  and  that  this  is  why  they 
cannot  give  genuine  exhibitions  ad  libitum  as 
visitors  may  demand.  And  many  who  have 
investigated  mediumship  are  convinced  that  this 
is  so. 

The  term  electro-biology  was  coined  about 
1850  to  describe  the  relationship  between  elec- 
tricity and  life.  We  do  not  know  what 
electricity  is,  and  we  do  not  know  what  life  is; 
we  have  to  judge  of  both  by  their  manifesta- 
tions.  We  know  little  of  the  nature  and  nothing 


of  the  origin  of  either,  although  some  scientific 
men  and  some  theologians  are  apt  to  be  dog- 
matic in  asserting  that  this  or  that  must  be  or 
cannot  be  possible.  But  we  do  know  that 
through  some  medium  the  will  controls  man's 
sensory  organism  and  physical  functions,  and  we 
choose  to  call  this  thing  "animal  magnetism,*  as 
Mesmer  called  it,  and  to  consider  it  of  the  nature 
of  electricity.  Reasoning  analogously,  that  as 
the  wireless  telegraph  conveys  a  certain  vibra- 
tion which  may  be  picked  up  by  an  instrument 
hundreds  of  miles  away  through  etheric  vibra- 
tions, caught  by  a  coherer  or  detector,  so  we 
conclude  that  the  will  also  originates  vibrations, 
which  many  call  thought-vibrations,  and  sends 
them  through  the  etheric  magnetism  that  im- 
bues all  men  and  animals,  and  perhaps  alt 
nature.  But  ordinarily  these  vibrations  arc 
picked  up  and  responded  to  only  by  the  organism 
of  the  man  who  sends  them  out,  presumably 
because  his  magnetic  vibrations  harmonize  with 
his  physical  body.  It  is  also  logical  to  reason 
that  this  sort  of  magnetism  exists  everywhere, 
as  we  suppose  electricity  pervades  the  universe, 
and  that  the  phenomena  of  telepathy  or  thought- 
transference,  and  mind-reading,  are  explainable 
through  harmonic  vibrations  of  the  ether  which 
this  magnetism  permeates  and  pervades.  Clair- 
voyagc  and  clairaudience  likely  are  closely 
related,  so  that  in  solving  the  problem  of 
physical  magnetism  probably  these  will  also 
se  solved. 

It  is  stated  in  *The  Great  Psychological 
Crime*  (p.  178)  that  "animal  magnetism  is  an 
important  factor  in  the  development  of  me- 
diumship," and  that  "the  room  in  which  the 
sittings  arc  held  must  become  thoroughly  mag- 
netized with  the  animal  magnetism  of  the 
controlling  intelligences*  The  reader  who  cares 
to  pursue  the  subject  further  should  consult  this 
book. 

Charles  H.  Cochrane. 

ELECTRO-BRONZE.  Sec  Electroplat- 
ing. 

ELECTROCHEMICAL  EQUIVA- 
LENTS. The  general  principles  of  electro- 
chemistry (q.v.)  and  especially  Faraday's  laws 
(q.v)  have  shown  us  a  definite  quantitative  re- 
lation between  the  amount  of  electricity  passing 
in  a  given  electrolysis,  and  the  amount  of  de- 
composition resulting.  According  to  Faraday's 
laws,  the  amount  of  any  given  element  which 
will  be  deposited  by  a  given  amount  of  current 
is  directly  proportional  to  the  amount  of  cur- 
rent passing,  and  to  the  chemically  equivalent 
weight  of  the  element  in  question.  Quanti- 
tatively, it  requires  96,500  coulombs  of  electricity 
(ampere-seconds)  to  deposit  a  chemically  equiv- 
alent weight  of  any  substance;  or,  to  put  it  in  a 
more  practical  way,  it  requires  96,500  coulombs 
to  make  a  unit  change  of  valence  of  a  gram- 
atom  of  any  substance.  From  this  numerical 
relation  one  can  then  calculate  the  weight  of 
any  element  that  will  be  deposited  by  a  unit 
amount  of  current  in  a  unit  time.  This  is  called 
the  Electrochemical  Equivalent  of  the  element 
For  scientific  purposes  it  is  usually  stated  in 
grams  per  coulomb  or  per  amnerc-honr ;  for 
commercial  use  larger  units  arc  convenient,  such 
as  kilograms  or  pounds  per  ampere-day,  or  per 
1,000  ampere-hours. 
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Following  is  a 
equivalents  of  the 


table  of  the  electrochemical 
more  common  elements. 


Element  Symbol 

AJumimum   Al 

Antimony   Sh 

Arsenic   A* 


Barium   Ba 

  Bi 


Bromine  .   .  Br 

Cadmium   C<1 

Calcium .........  Ca 

CWmne   CI 

Chromium   Cr 


Fluorine 

Gold.  .  . 


Hydrogen 


Co 
Cu 
F 

Au 

H 
I 

Fc 


Lad. 


lithium    U 

MiiDc-yum  .  .  .    .  Mk 

Minganese   Mn 

Mercury   

Vbi>-£>lcnum  

Xtckel  

Nitrogen   N 

Oxygen   (J 


Phosphorus. 

PjUasrom  . 
Selenium . . . 
SUicm  


Pi 
K 
Se 

Si 

ft 

s 

Te 


Tin. 


Titanium   Ti 

Tungsten   W 

Uranium   U 

Vanadium   V 

Zwc   Zn 


3 

Atomic 
weight 

27.  1 
120  2 

74.9* 

137  37 
208  0 

79  92 
112  40 
40  07 
35  46 

52  0 

58  97 

53  57 

19  0 
197  2 

1  008 
126  92 
56  84 

207  20 

6  94 
24  32 

54  93 
200. 6 

96  0 
58  68 

14  01 

16  00 

31  04 

195  2 
39  10 
79  2 
28  3 

107  88 
23  00 
87  63 

32  06 
127.5 


118.7 

48  1 

184  0 
238  2 
51.0 
65.37 


Valence 


Grams  per 
ampere-hour 

0  33702 

1  4948 
0  89689 
0  93221 

0  55932 

2  5625 
2  5867 

1  5520 

2  9817 
2  0976 

0  74747 

1  3229 
0  97001 

0  64667 

1  1000 

0  73335 

2  3717 

1  1858 
(i  70H85 
7  3572 

2  4*24 
0.0376066 
4  7JJI 

1  0416 

0  69443 

3  865 1 

1  9326 

0  25892 
0.45367 

1  0247 

3  7420 
1  1939 
1  0946 
0  72975 
0  17423 
0  10454 
0  29847 

0  14923 
38601 
23161 

1  8206 

1  4588 
0  73870 
0  26395 

4  02480 
0  85809 
1 .6347 

0  29903 

2  3784 

1  1892 

0  79280 

2  2142 

1  1071 

0  44*03 

1  1441 
I  4811 

0  38054 

1  2194 


0 

U 


These  values  arc  taken  from  'Electrochemi- 
cal Equivalents*  by  Hering  and  Gctman  (New 
York  1017). 

G.  A.  Rousit, 
Assistant  Secretary,  American  Electrochemical 
Society. 

ELECTROCHEMICAL  INDUSTRIES. 

Electrochemistry  may  be  defined  as  that  branch 
of  chemistry  relating  to  the  carrying  out  of 
chemical  reactions  by  the  means  of  or  with 
the  assistance  of  electricity.  The  word  electro- 
chemical as  here  used  includes  the  processes  of 
electrometallurgy,  the  production  and  treat- 
ment of  metals  by  means  of  electricity,  there 
being  no  generic  term  covering  both  subjects. 

The  production  or  furtherance  of  chemical 
action  by  means  of  electrical  energy  may  be 
secured  in  three  ways:  (1)  By  electrolysis  — 
the  action  of  an  electric  current  upon  a  chemical 
compound  in  solution  or  in  a  fused  condition; 
(2)  hy  electrothermal  action  —  the  production 
of  chemical  changes  by  electrically  generated 
heat  ;  (3)  by  the  discharge  of  electricity  through 


The  largest  employment  of  electrolysis  is  in 
the  production  and  refinement  of  metals,  par- 
ticularly aluminum  and  copper;  but  it  is  also 
used  extensively  in  the  preparation  of  a  large 
number  of  chemical  compounds  of  widely  vary- 
ing character. 

In  most  cases  a  substance  obtained  by  elec- 
trolysis may  be  prepared  also  by  a  strictly  chem- 
ical process.  The  choice  of  methods  then  be- 
comes simply  one  of  cost.  An  example  in 
point  is  the  manufacture  of  metallic  sodium: 
originally  discovered  by  the  electrolysis  of 
caustic  soda,  it  was  for  many  years  made  com- 
mercially by  the  reduction  of  sodium  carbonate 
with  carbon,  or  of  caustic  soda  by  a  mixture 
of  iron  and  carbon ;  more  recently  the  electro- 
lytic process  has  replaced  the  chemical  methods, 
because  it  is  cheaper.  In  other  cases  certain 
products  of  electrochemical  action  have  not  yet 
been  made  by  any  other  process. 

A  great  savihg  of  heat  is  found  in  most 
electrothermal  processes,  due  to  the  fact  that 
the  electrically  generated  heat  is  applied  inside 
the  container,  where  it  is  effectively  employed, 
no  heat  being  wasted  in  heating  the  contents 
through  the  walls  of  the  container,  as  in  com- 
bustion processes.  But  even  when  produced 
by  the  cheapest  water  power,  electric  heat  costs 
several  times  more  than  heat  produced  by  the 
combustion  of  coal,  so  that  where  large  quan- 
tities of  heat  are  needed  at  only  moderate  tem- 
peratures, the  combustion  processes  are  usually 
cheaper. 

We  shall  here  consider  the  chief  electro- 
chemical industries  that  have  thus  far  attained 
commercial  importance. 

Copper. —  The  process  of  refining  copper 
clcctrolytically  consists  in  the  transfer  of  cop- 
per from  the  anode  to  the  cathode,,  by  the 
selective  action  of  the  electric  current,  and  in 
leaving  the  impurities  behind  dissolved  in  the 
electrolyte,  or  in  the  form  of  slime  or  sedi- 
ment. The  material  at  present  subjected  to 
profitable  electrolyte  refining  is  crude  copper 
containing  from  96  to  98  per  cent  pure  copper, 
and  varying  amounts  of  silver,  gold,  platinum, 
palladium,  nickel,  iron,  arsenic,  antimony,  sul- 
phur, etc.  This  crude  copper  is  obtained  from 
various  copper  ores  by  smelting  and  is  cast  in 
copper  molds  into  anode  plates,  which  arc  about 
three  feet  square  and  one  to  two  inches  thick, 
weighing  250  to  500  pounds.  The  cathode 
plates  are  of  elect rolytically  refined  copper, 
practically  the  same  in  length  and  width  as  the 
anodes,  but  only  1/32  to  1/16  inch  thick.  The 
electrolyte,  or  bath,  in  which  the  plates  are  sus- 
pended, is  a  solution  of  copper  sulphate  just 
short  of  saturation,  with  enough  sulphuric  acid 
to  prevent  the  separation  of  hydrated  cupric 
oxide,  but  not  enough  to  cause  hydrogen  in- 
stead of  copper  to  be  separated  at  the  cathode; 
ihe  proportions  are  about  3-4  per  cent  of  copper 
as  sulphate  and  10-13  per  cent  of  free  sulphuric 
acid.  When  silver  is  present  in  the  anode  a 
little  salt  or  hvdrochloric  acid  is  added  to  the 
clectrolvte.  The  bath  is  kept  at  a  temperature 
of  about  40-60°  C.  ( 100-1 J0°  P.),  The  contain- 
ing tanks  are  of  wood,  usually  lined  with  sheet 
lead  or  carefully  coated  with  a  pitch  compound, 
and  of  such  dimensions  that  a  distance  of  from 
1.5  to  2  inches  exists  between  the  faces  of 
the  plates.  In  some  cases  the  plates  are  ar- 
ranged in  series  and  in  others  in  parallel  or 
multiple.    In   the  series   system  the 
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which  are  much  smaller  than  in  the  multiple 
system,  are  suspended  in  the  electrolyte  from 
one-half  to  three-fourths  of  an  inch  apart,  and 
only  the  end  ones  in  the  series  are  connected 
with  the  poles  of  the  generator.  With  this  ar- 
rangement the  copper  dissolved  from  the  inner 
face  of  the  first  anode  is  deposited  on  the 
nearer  face  of  the  second  plate;  the  farther 
face  of  the  second  plate  is  dissolved  and  depos- 
ited on  the  nearer  face  of  the  third  plate  — 
and  so  on  throughout  the  series.  When  the 
anodes  are  nearly  exhausted  the  pure  copper 
deposits  are  removed  from  the  tank  and  the 
undissolved  remnants  of  anode  stripped  from 
the  back  of  the  cathodes. 

The  series  arrangement  has  the  advantage 
of  requiring  electrical  connections  to  be  made 
at  the  first  and  last  plates  only,  whereas  the 
parallel  system  requires  a  connection  at  every 
plate;  but  in  the  scries  system  the  leakage  of 
current  due  to  the  short-circuiting  action  of 
the  sediment  and  sides  of  the  tank  is  from  10 
to  20  per  cent,  so  that  the  parallel  system  is 
more  generally  used.  The  connections  between 
the  various  plates  and  the  circuit  in  the  parallel 
systems  are  made  by  copper  rods,  which  are 
run  at  two  different  levels  along  the  edges  of 
the  tanks,  one  bar  for  each  set  of  plates.  In 
some  instances  these  rods  are  of  the  inverted 
V  shape,  so  that  the  edges  will  cut  through  any 
corrosion  which  may  happen  to  form  at  the 
points  of  contact.  The  vats  are  arranged,  with 
respect  to  each  other,  so  that  each  is  accessible 
from  all  sides  and  free  circulation  of  the  elec- 
trolyte is  possible.  This  circulation  is  some- 
times obtained  by  blowing  a  stream  of  air 
through  the  electrolyte,  but  more  frequently  by 
arranging  the  vats  in  steps,  and  piping  so  that 
the  electrolyte  may  pass  from  the  top  of  one 
vat  to  the  bottom  of  the  next,  by  the  action  of 
gravity.  This  maintains  a  uniform  density  of 
electrolyte,  which  is  necessary  for  the  proper 
formation  of  the  deposit.  The  electromotive 
force  required  is  from  0.2  to  0.4  volt  per  tank, 
with  a  current  density  of  15  to  20  amperes  per 
square  foot  of  cathode  plate  surface.  The 
individual  vats  are  connected  in  scries  so  that 
the  total  voltage  may  be  approximately  the  same 
as  that  which  the  generator  furnishes,  being 
usually  110  volts.  One  ampere  of  current  de- 
posits on  the  cathode  only  about  one  ounce  of 
refined  copper  in  24  hours,  and  the  current 
density  must  be  kept  below  40  amperes  per 
square  foot  to  avoid  mushrooming  and  consc- 
ucnt  short-circuiting.  In  practice  from  400  to 
00  ampere-hours  arc  required  per  pound  of 
copper  deposited,  the  theoretical  amount  ac- 
cording to  Faraday's  law  being  only  386.2  am- 
pere-hours. The  loss  varies  from  4  to  20  per 
cent  according  to  the  system  employed. 

The  main  product  of  refining  is  commercial 
cathodes,  which  are  sometimes  shipped  to  con- 
sumers, but  more  frequently  east  into  wire-bars, 
ingots,  cakes  or  slabs  of  standard  dimensions 
and  weight.  They  usually  assay  from  99.86  to 
99.94  per  cent  pure  copper.  The  yield  in  com- 
mercial cathodes  is  from  97  to  99  per  cent 
of  the  anodes  treated,  excluding  the  anode  scrap 
which  varies  in  weight  from  7  to  15  per  cent 
of  the  original  anode  in  parallet  plants,  but 
this  scrap  is  not  a  loss  as  it  is  collected  and 
recast  into  anode  plates.  Besides  electrolytic 
copper  most  plants  secure  gold,  silver,  platinum 


and  palladium  from  the  slimes,  and  sometimes 
selenium,  tellurium  and  other  rarer  metals. 
Nickel  salts  are  usually  recovered  from  the 
solutions. 

There  are  in  the  United  States  10  electrolytic 
copper  refineries  with  a  total  capacity  of 
2,780,000,0UO  pounds  per  year;  one  refinery 
in  Canada  with  a  capacity  of  14,000,000  pounds 
per  year.  The  actual  production  in  1917  was 
about  2,300,000,000  pounds,  representing  approxi- 
mately 74  per  cent  of  the  entire  world's  produc- 
tion of  copper  for  the  year.  Or,  deducting 
from  the  total  production  the  amount  that  does 
not  require  refining,  about  275.000JOOO  pounds 
from  Michigan,  the  United  States  production 
amounts  to  over  81  per  cent  of  the  total  pro- 
duction of  refined  copper.  The  other  19  per 
cent  is  produced  in  a  number  of  plants  of  com- 
paratively small  capacity  in  England,  Wales 
and  Continental  Europe. 

Aluminum. —  Practically  the  whole  output 
of  this  metal  for  the  entire  world  is  now  pro- 
duced elcctrolytically.  The  only  process  used 
on  a  large  scale  is  that  invented  independently 
in  1886  by  Charles  M.  Hall  in  the  United  States 
and  by  Paul  L.  T.  Hcroult  in  France.  This 
process  consists  in  electrolyzing  alumina  dis- 
solved in  a  fused  bath  of  cryolite.  The  alum- 
ina is  obtained  from  the  mineral  bauxite  which 
occurs  abundantly  in  Arkansas,  Georgia,  Ala- 
bama and  Tennessee.  The  natural  material 
being  a  hydrated  alumina  containing  silica, 
iron  and  titanium,  must  be  treated  in  order  to 
drive  off  the  water  and  eliminate  the  impurities 
This  is  accomplished  by  a  chemical  process.  In 
practice  it  requires  about  two  pounds  of  alum- 
ina for  each  pound  of  aluminum  produced.  The 
flux  or  bath  in  which  the  alumina  is  dissolved 
consists  of  cryolite,  a  natural  double  fluoride 
of  aluminum  and  sodium  (AlFi.6NaF)  found 
in  Greenland  This  is  melted  in  a  large  carbon- 
lined,  sheet-iron  tank  which  constitutes  the 
negative  electrode,  a  group  of  suspended  carbon 
rods  forming  the  positive  electrode.  A  current 
of  several  thousand  amperes  at  six  to  seven 
volts  is  used.  Only  a  portion  of  this  voltage 
is  required  to  decompose  the  alumina,  the  bal- 
ance amounting  to  about  four  to  five  volts  rep- 
resents the  heat  required  to  keep  the  bath 
melted.  The  passage  of  the  current  causes  the 
aluminum  to  deposit  on  the  bottom  of  the  tank 
as  a  fused  metal,  whence  it  is  drawn  off  period- 
ically. The  oxygen  set  free  combines  with  the 
carbon  of  the  positive  electrodes  and  passes  off 
as  carbonic  oxide.  The  reaction  is  AUOi+SC™" 
2A1+3CO.  About  one  pound  of  carbon  is  con- 
sumed for  one  pound  of  aluminum  produced. 
An  excess  of  alumina  is  kept  floating  on  the 
bath  so  that  it  is  saturated  at  all  times.  Ac- 
cording to  Faraday's  law  the  weight  of  alumi- 
num deposited  by  1,000  amperes  is  0.743  pound 
per  hour.  The  actual  vield  of  metal  by  the 
Hall  process  is  about  85  per  cent  of  this  theo- 
retical amount.  The  metal  when  drawn  from 
the  tanks  is  cast  into  rough  ingots  which  arc 
afterward  remelted  and  converted  into  com- 
mercial shapes,  such  as  sheets,  rods,  wires,  etc 
The  United  States  in  1917  produced  about 
180,000,000  pounds  of  aluminum,  which  was 
about  two- thirds  the  total  production  o  f  the 
world.  Before  the  European  War  the  share  of 
the  United  States  in  the  total  production  was 
under  50  per  cent. 
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1  F.lrctiolytic  process  of  copprr-rrfining.  ihowing  tanks  filled  with  a  solution  of  copper  sulphate  and  containing  sheet* 

of  copper  connected  to  the  terminals  of  a  generator 

2  Casting  side  of  a  furnace  showing  copper  anodes  placed  radially  on  a  Clark  casting  machine 
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Zinc— The  very  high  temperature  (1300°  C. 
or  2370°  F.)  necessary  to  reduce  zinc  from  its 
common  ores,  and  its  generation  as  a  vapor,  due 
to  its  boiling  point  being  at  930"  C.  (1700'  F.) 
present  difficulties  which  offer  an  unusually 
open  field  for  success  to  an  electrolytic  method 
of  reduction.  Several  processes  arc  in  use. 
They  all  provide  for  the  preliminary  roasting 
of  the  ore  — which  is  essentially  lead  sulphide, 
zinc  sulphide  and  gangue  —  at  a  low  red  heat, 
so  as  to  convert  the  sulphides  into  oxides  and 
sulphates.  The  roasted  ore  is  then  treated  with 
dilute  sulphuric  acid,  the  zinc  being  dissolved  as 
sulphate,  leaving  the  lead  sulphate  as  an  in- 
soluble residue  to  be  smelted  by  the  usual  dry 
methods.  Most  of  the  silver  present  remains 
with  the  lead,  a  small  portion  passing  into  solu- 
tion with  the  zinc.  It  is  in  fact  the  recovered 
silver  that  sometimes  makes  the  process  profit- 
able. It  is  necessary  to  free  the  zinc  solution 
from  iron,  copper  and  other  foreign  metals  —  a 
matter  of  considerable  difficulty.  When  suf- 
ficiently purified,  the  zinc  sulphate  is  electro- 
lyzed,  the  anodes  being  of  lead,  and  the 
cathodes  thin  sheets  of  zinc.  The  operation  is 
in  reality  a  reduction  of  the  sulphate,  in  no 
sense  a  refining  process.  As  the  reduction 
proceeds  the  electrolyte  becomes  more  and  more 
acid,  and  when  hydrogen  in  quantity  is  evolved 
at  the  cathodes,  the  electrolyte  is  run  off,  and 
used  again  to  leach  roasted  ore. 

Lead. —  The  electrolytic  refining  of  lead  has 
never  been  as  widely  applied  as  in  the  case  of 
copper,  due  to  the  fact  that  the  operation  is 
more  expensive  in  comparison  with  the  low 
price  of  the  metal,  and  that  the  ordinary  fur- 
nace-refined lead  of  commerce  is  99.98  per  cent 
pure.  In  some  cases,  however,  the  lead  carries 
valuable  impurities  that  are  not  readily  re- 
covered by  furnace  methods,  and  the  process  of 
electrolytic  refining  is  resorted  to.  The  prin- 
ciples involved  are  the  same  as  for  copper,  the 
impure  lead  being  used  as  anode  in  a  solution  of 
lead  fluosilicate  as  electrolyte.  The  cathode  is 
a  rolled  sheet  of  pure  lead.  The  electrolyte 
ordinarily  carries  60  to  70  grams  of  lead  per 
litre,  as  fluosilicate,  and  80  grams  of  free  hydro- 
fluosilicic  acid.  Lead  normally  tends  to  give 
a  fine  crystalline  deposit,  but  by  the  addition  of 
0.1  per  cent  of  gelatin  to  the  electrolyte,  this 
is  changed  to  a  smooth,  coherent  deposit. 
The  temperature  has  no  effect  on  the  deposit, 
but  the  current  used  is  sufficient  to  maintain 
the  bath  at  about  30°  C.  (86°  F.).  The  current 
density  used  is  12-16  amperes  per  square  foot, 
and  the  voltage  per  tank  is  0.30-0.38.  Tanks 
are  arranged  in  series  with  the  electrodes  in 
each  tank  in  multiple.  The  purity  of  the  re- 
fined lead  is  about  99.995  per  cent. 

Silver.— The  parting  of  the  gold  and  silver 
when  the  silver  is  in  excess,  or  the  refining  of 
auriferous  silver,  is  also  carried  on  by  an 
electrochemical  process.  In  this  process  the 
electrodes  arc  arranged  horizontally,  the  anodes 
above  and  separated  from  the  cathode  by  a 
porous  diaphragm.  The  cathode  is  a  thin  sheet 
of  silver  formed  into  an  endless  belt  which 
travels  horizontally  below  the  series  of  anodes. 
The  upper  surface  of  the  belt  is  smeared  with 
graphite  to  prevent  a  close  adherence  of  the 
crystals  of  deposited  silver.  These  crystals  are 
brushed  off  at  the  end  of  the  tank  upon  a  con- 
veyor-belt and  removed  at  once  from  the 
electrolyte.  Another  modification  has  a  horizon- 
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tal  graphite  plate  for  cathode,  from  which  the 
silver  crystals  are  removed  by  hand  with  a 
scraper.  The  electrolyte  carries  1  to  3  per 
cent  of  silver,  4  to  6  per  cent  of  copper,  and 
one-tenth  of  1  per  cent  of  free  nitric  acid.  A 
certain  amount  of  the  acid  is  consumed  in  dis- 
solving the  copper  present  in  the  silver  —  about 
one  and  one-half  pounds  to  each  1,000  ounces 
of  silver  treated. 

Gold. —  The  electrolytic  process  has  been 
used  in  the  recovery  of  gold  from  its  solution  in 
potassium  cyanide,  after  cyanide  extraction. 
The  cyanide  liquor  is  electrolyzed  between  iron 
anodes  and  sheet  lead  cathodes,  using  low  cur- 
rent density.  Chemical  precipitation  of  the 
gold,  using  zinc  or  aluminum  is  usually  pre- 
ferred, however.  In  addition  to  this  recovery- 
process,  electrolytic  refining  is  practised  to  a 
considerable  extent.  The  crude  gold  is  used  as 
the  anode,  in  a  solution  of  gold  chloride  with 
hydrochloric  acid  as  the  electrolyte.  The 
cathode  is  a  thin  sheet  of  pure  gold.  A  cur- 
rent density  of  90  amperes  per  square  foot  at 
a  low  voltage  (say  1  volt)  is  employed.  The 
gold  is  dcpositea  in  crystalline  form,  leaving  the 
impurities  in  the  anode  as  a  sludge,  or  dissolved 
in  the  electrolyte. 

Antimony. — Antimony  has  been  produced 
by  an  electrochemical  process,  but  never  on  any 
extended  scale.  One  process  consists  in  leach- 
ing the  sulphide  ore  with  sodium  sulphide,  and 
extracting  the  dissolved  antimony  from  the  solu- 
tion by  electrolysis,  using  iron  cathodes,  from 
which  the  deposited  metal  is  broken  by  ham- 
mering when  it  reaches  a  thickness  of  about 
one-tenth  of  an  inch.  The  clectrolyzing  cell  is 
separated  into  two  compartments  by  a  porous 
diaphragm,  the  anode  being  carbon  in  a  solu- 
tion of  sodium  chloride.  The  chlorine  from  the 
anode  compartment  is  used  in  the  manufacture 
of  bleaching  powder,  and  the  exhausted  sodium 
sulphide  from  the  cathode  compartment  is  used 
to  leach  more  ore.  One  method  of  working  up 
the  slimes  from  the  electrolytic  lead-refining 
process  gives  a  sodium  sulphide  solution  carry- 
ing antimony,  which  is  treated  in  a  similar  man- 
ner. Attempts  have  also  been  made  to  refine 
antimony  in  both  sulphide  and  fluoride  solu- 
tions. 

NickeL— While  the  electrolytic  processes 
have  not  proved  available  for  the  commercial 
winning  of  metallic  nickel  from  its  ores,  its 
electrolytic  refining  is  successfully  accomplished, 
though  the  details  of  the  process  employed  are 
guarded  as  a  trade  secret.  As  is  well  known, 
electroplating  with  nickel  is  simple  and  easy. 
When,  however,  a  thicker  deposition  is  at- 
tempted, the  metal  scales  off  of  the  cathode  in 
thin  flakes  which  cannot  be  collected  and  melted 
into  ingots  at  a  commercial  profit.  The  tend- 
ency of  any  iron  and  cobalt  present  in  the 
crude  nickel  to  be  deposited  on  the  cathode 
along  with  the  nickel  is  a  serious  drawback  — 
and  incidentally  compels  attention  to  the  fact 
that  electrolytically  deposited  metal  is  not  neces- 
sarily pure.  It  has  been  proved  by  experiment 
that  nickel  may  be  thus  deposited  in  thick  plates 
if  the  operation  is  conducted  with  a  hot  electro- 
lyte—in  the  neighborhood  of  65°  C.  (150"  F.) 
—  and  with  a  comparatively  high  current  den- 
sity. Difficulty  is  experienced  under  these  con- 
ditions with  the  evolution  of  hydrogen  from  the 
cathode,  causing  pitting  of  its  surface.  An 
indirect  method  of  refining  nickel  by  electro- 
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lysis  consists  in  the  deposition  of  its  principal 
impurity  (say  copper),  the  release  of  other  im- 
purities (say  silver  and  platinum)  in  the  anode 
sludge,  leaving  the  pure  nickel  in  solution 
in  the  electrolyte,  from  which  it  is  then  de- 
posited. 

Calcium.— The  production  of  metallic  cal- 
cium by  electrolysis  may  be  accomplished 
economically  by  using  fused  calcium  chloride 
as  the  electrolyte.  The  principal  process  used 
in  this  country  is  that  of  Seward  and  von 
Kugelgcn.  The  cell  consists  of  a  circular  iron 
box  through  the  bottom  of  which  projects  a 
conical  iron  cathode,  insulated  from  the  box. 
The  anode  is  a  carbon  lining,  also  insulated 
from  the  box.  Above  the  cathode  at  the  level 
of  the  bath  is  a  water-cooled  collecting  ring 
within  which  the  metal  collects,  it  being  lighter 
than  the  bath.  By  the  time  the  collecting  ring 
is  full  of  metal  the  top  layer  is  solidified,  and 
the  solid  metal  is  gradually  lifted  up  through 
the  ring  by  a  hook,  the  freshly  collected  metal 
building  on  underneath  as  it  solidifies,  thus 
making  a  stick  or  rod  of  metal. 

Magnesium. —  Being,  like  aluminum,  reduc- 
ible with  difficulty  by  ordinary  furnace  methods, 
magnesium  is  prepared  almost  solely  by  electro- 
lysis. The  raw  material  used  is  "carnallitc,* 
the  double  chloride  of  magnesium  and  potas- 
sium. The  operation  is  carried  on  in  a  cylin- 
drical steel  box,  which  is  made  the  cathode  by 
suitable  electrical  connections.  The  anode  is 
of  carbon,  and  it  is  enclosed  in  a  porcelain 
cylinder  open  at  the  bottom  and  with  slotted 
sides,  and  having  a  tube  at  the  top  for  the 
escape  of  the  chlorine  gas  set  free  at  the  anode. 
The  charge  of  carnallite  is  kept  in  a  fused 
condition  by  heat  applied  externally  to  the  steel 
box.  All  oxygen  is  excluded  from  the  appara- 
tus by  the  introduction  of  some  other  gas 
(usually  nitrogen)  into  the  space  above  the 
electrolyte.  This  is  necessary  in  order  to  pre- 
vent the  oxidizing  of  the  metallic  magnesium, 
which  rises  and  floats  on  the  surface  of  the 
electrolyte.  A  tendency  of  the  globules  of 
magnesium  to  gather  a  film  of  oxide  sufficient 
to  prevent  coalescence  is  overcome  by  the  addi- 
tion of  fluorspar  (calcium  fluoride)  to  the 
molten  mass.  While  the  metal  thus  obtained 
is  not  strictly  pure,  it  Is  sufficiently  so  to  be 
available  for  all  commercial  purposes. 

Sodium. —  Formerly  secured  by  chemical 
methods  at  very  high  temperatures,  the  world's 
supply  of  sodium  is  now  produced  wholly  by 
electrolysis.  The  operation  according  to  the 
Castner  process  is  conducted  in  a  cylindrical 
steel  crucible  so  placed  in  a  flue  that  the  body  of 
it  can  be  heated  while  the  inverted  neck, 
through  which  the  cathode  enters  from  below, 
remains  cool.  The  electrolyte  used  is  caustic 
soda.  The  anode  is  iron,  cylindrical  in  form, 
with  vertical  slits  which  allow  the  free  flow  of 
the  electrolyte:  it  surrounds  the  upper  end  of 
the  cathode,  a  cylinder  of  wire  gauze  hanging 
between  from  the  collecting  chamber  above. 
As  the  operation  proceeds,  molten  metallic 
sodium  is  released  at  the  cathode  and  rises  to 
float_on  the  surface  of  the  caustic  soda,  being 
guided  by  the  wire  gauze,  which  it  cannot  pass 
owing  to  its  high  surface  tension.  In  the  col- 
lecting chamber  the  metal  is  protected  by  the 
hvdrogen  also  set  free  at  the  cathode,  and  is 
drawn  off  at  intervals  through  a  trap. 


The  Seward  and  von  Kugelgen  process  uses 
an  electrolyte  of  fused  so'Jium  chloride,  the 
melting  point  of  which  has  been  reduced  by  the 
addition  of  other  salts  less  readily  decomposed 
by  the  current. 

Potassium.— There  is  little  commercial  de- 
mand for  metallic  potassium.  Its  production, 
however,  is  entirely  practicable  by  the  Castner 
process  described  for  sodium,  using  caustic 
potash  as  the  electrolyte. 

Electroplating  and  Electrotyping. —  Elec- 
troplating is  the  art  of  covering  a  metallic  sur- 
face with  an  adherent,  electrodeposited  coating 
of  the  same  or  some  other  metal,  the  form  of 
the  original  surface  being  retained.  The  metal 
coating  may  be  added  purely  for  decorative 
purposes,  or  because  of  its  superior  resistance 
to  wear  or  corrosion.  Electrotyping  is  the  art 
of  reproducing  the  form  of  an  object  by  electro- 
deposition  of  a  metal,  usually  copper,  in  a  cast 
or  molded  impression  of  the  original  object. 
For  further  details  of  these  processes,  the 
reader  is  referred  to  the  articles  under  these 
separate  headings. 

Caustic  Soda. —  The  production  of  caustic 
soda(NaOH)  and  chlorine  (CI)  by  the  electro- 
lysis of  a  solution  of  common  salt  (NaCl)  is 
readily  realized  experimentally  (NaO  +  HiO 
=  NaOH  +  G  4-  H),  but  its  successful  accom- 
plishment on  a  commercial  basis  is  difficult  be- 
cause of  the  secondary  reactions  which  take 
place,  forming  a  mixed  product  of  caustic,  salt, 
and  hypochlorite  of  soda.  These  difficulties  are 
avoided  by  separating  the  caustic  soda  that  is 
formed,  either  by  a  porous  diaphragm,  by  draw- 
ing it  off  as  soon  as  formed,  or  by  absorbing 
the  sodium  deposited  in  mercury  or  melted  lead 

The  most  prominent  system  for  the  electro- 
lytic production  of  caustic  soda  and  chlorine 
from  common  salt  is  the  Castner-Kellner  proc- 
ess. The  Castner  process  employed  in  this 
country  at  Niagara  Falls  is  as  follows:  The 
electrolytic  tank  consists  of  a  slate  box,  4  feet 
long,  4  feet  wide  and  6  inches  deep,  the  joints 
being  set  in  rubber  cement.  Two  slate  parti- 
tions reaching  within  1/16  inch  of  the  bottom 
(under  which  are  grooves)  divide  the  cell  into 
three  compartments,  each  15  inches  by  4  feet, 
sealed  from  each  other  by  a  layer  of  mercury 
covering  the  bottom  of  the  tank  to  a  consider- 
able depth.  The  two  outside  chambers  through 
which  the  brine  is  passed  are  provided  with 
graphite  anodes.  These  compartments  are  pro- 
vided with  gas-tight  covers  and  exhaust  pipes 
of  rubber  and  lead,  to  lead  the  chlorine  away. 
The  central  compartment  has  an  iron  cathode, 
of  20  upright  strips,  and  is  filled  with  pure 
water  above  the  mercury.  W  henever  the 
specific  gravity  of  the  water  rises  to  1.26,  from 
its  absorption  of  caustic  soda,  it  is  drawn  off 
and  fresh  water  supplied.  The  liberated  hydro- 
gen is  led  from  this  chamber  by  means  of  pines 
and  used  as  a  fuel  for  the  concentration  of  the 
caustic.  The  tank  is  pivoted  at  one  end  on  a 
knife  blade  and  rests  at  the  other  on  an  eccen- 
tric, which  raises  and  lowers  that  end  of  the 
tank  about  half  an  inch  every  minute  and  causes 
a  circulation  of  the  mercury  between  the  outer 
and  middle  compartments.  The  current  passes 
into  the  outer  chambers,  splits  up  the  sodium 
chloride  (common  salt,  NaCl)  into  sodium  and 
chlorine  (Na  and  CI),  the  latter  is  liberated 
at  the  graphite  anodes  and  passes  through  the 
exhaust  pipe  to  the  absorption  chambers  where 
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it  combines  with  slacked  lime  to  form  bleaching 
powder.  The  sodium  combines  with  the  mer- 
cury forming  sodium  amalgam,  which  by  the 
rocking  of  the  tank  passes  to  the  center  cham- 
ber, where  it  serves  as  the  anode,  and  combines 
with  the  water  to  form  caustic  soda  (NaOH) 
and  hydrogen  (H).  which  appears  at  the  iron 
cathode.  Each  of  these  tanks  uses  630  amperes 
at  4.3  volts.  The  theoretical  voltage  required 
is  but  2.3,  the  remainder  being  utilized  in  over- 
coming the  ohmic  resistance  of  the  electrolyte 
and  in  keeping  it  warm.  The  output  of  this 
process  per  horse  power  per  day  is  12  pounds 
of  caustic  and  30  pounds  of  bleaching  powder 
for  each  cell.  The  product  contains  from  97 
to  °9  per  cent  caustic,  1  to  2  per  cent  sodium 
carbonate,  0.3  to  0.8  per  cent  of  sodium  chloride, 
and  traces  of  sodium  sulphate  and  sodium  sili- 
cate. A  number  of  other  processes  have  been  de- 
veloped for  the  electrolysis  of  salt  solutions  for 
the  production  of  alkali  and  chlorine,  all  based 
more  or  less  on  the  same  general  principles  as 
those  utilized  in  the  Castner  process. 

The  Acker  process,  which  was  formerly  used 
at  Niagara  Falls,  but  which  has  been  discontin- 
ued, obtained  caustic  soda  and  chlorine  using 
molten  lead  in  place  of  mercury  as  a  cathode, 
msed  salt  instead  of  brine  as  the  electrolyte,  and 
operated  at  a  temperature  of  850°  C.  (1560°  F.). 
The  containing  tank  was  a  cast-iron  vessel  5 
feet  long,  2  feet  wide  and  1  foot  deep,  the 
sides  above  the  molten  lead  being  covered  with 
magnesia  so  that  the  current  must  pass  from 
the  graphite  anodes  to  the  lead  which  acted  as 
the  cathode.  At  one  end  of  the  tank  was  a 
small  compartment  separated  from  the  re- 
mainder of  the  vessel  by  a  partition  dipping 
into  the  lead  to  such  a  depth  that  nothing  but 
this  fused  lead  can  pass  from  one  compart- 
ment to  the  other.  In  the  smaller  compartment 
the  lead  was  subjected  to  a  stream  of  steam, 
v  hich  decomposed  the  lead-sodium  alloy  with 
the  formation  of  NaOH  and  hydrogen  and  at 
the  same  time  kept  the  alloy  in  circulation.  At 
intervals  the  caustic,  which  was  in  a  fused 
state,  was  drawn  off  and  allowed  to  solidify, 
thus  avoiding  the  evaporation  of  water  which 
is  necessary  in  the  Castner-Kellncr  process. 
The  current  employed  per  vessel  in  the  Acker 
process  was  2100  amperes  at  from  6  to  7 
volts,  of  which  energy  54  per  cent  is  used  in 
chemical  action,  and  the  remainder  in  maintain- 
ing the  temperature.  The  output  of  each  was 
550  pounds  of  caustic  soda  and  450  pounds  of 
chlorine  in  24  hours. 

Chlorine.— All  processes  making  caustic  soda 
from  salt  at  the  same  time  produce  chlorine  gas 
at  the  anode.  In  some  cases  this  is  absorbed  in 
lime  for  the  manufacture  of  bleaching  powder, 
and  in  other  cas«s  it  is  compressed  and  liquefied. 
The  liquid  chlorine  is  shipped  in  pressure  tanks 
for  chemical  purposes  and  for  water  purifica- 
tion. One  of  the  most  striking  uses  to  which  it 
has  been  put  is  as  one  of  the  poison  gases  used 
at  the  front  in  trench  warfare.  Hundreds  of 
tons  of  gas  have  been  used  in  a  single  attack. 

Hypochlorites. — Another  electrochemical  in- 
dustry that  is  widely  distributed  throughout  the 
country  is  the  manufacture  of  hypochlorite  for 
bleaching  purposes.  For  some  time  the  use  of 
hypochlorite  as  a  bleach  was  confined  to  large 
installations  where  an  enormous  quantity  of 
blcarhing  liquor  was  demanded  every  day,  e.g.. 
in  the  manufacture  of  paper  pulp.    NTow  hypo- 


chlorite plants  are  installed  in  small  units,  pro- 
ducing only  a  few  gallons  of  bleach  a  day  for 
use  in  laundries.  The  types  of  cell  used  in 
hypochlorite  manufacture  vary  widely,  but  are 
all  alike  in  that  they  must  have  unattackable 
electrodes  of  some  kind,  usually  either  graphite 
or  platinum.  Many  of  the  different  types  of 
cells  have  a  number  of  electrodes  in  series,  acting 
as  bipolar  electrodes.  The  electrolyte  used  is  a 
15  to  16  per  cent  solution  of  common  salt,  NaCl. 
The  efficiency  of  the  operation  in  practice 
usually  amounts  to  only  about  20  to  25  per  cent, 
but  the  simplicity  and  ease  of  working  of  the 
process  commend  it  in  spite  of  its  low  energy 
efficiency.  The  minimum  requirement  is  1.27 
kilowatt  hours  for  the  production  of  1  kilogram 
of  active  chlorine,  while  actual  practice  requires 
6  to  7  kilowatt  hours. 

Potassium  Chlorate  is  produced  electro- 
chemically  in  considerable  quantities,  both  here 
and  abroad.  The  Gibbs  process,  used  at  Niagara 
Falls,  consists  in  the  electrolysis  of  potassium 
chloride  solution,  using  a  copper  or  iron  cathode 
and  a  platinum  anode  The  current  density  is 
high,  being  500  amperes  per  square  foot  of 
anode.  Each  cell  uses  about  four  volts,  of 
which  1.4  is  required  to  convert  chloride  to 
chlorate,  and  the  remainder  produces  the  heat 
that  maintains  the  electrolyte  at  from  50°  to  70* 
C.  (125°  to  160°  F.),  which  is  necessary  for  the 
proper  reaction.  The  whole  commercial  supply 
is  thus  produced.  Pcrchlorates  arc  made  by  clec- 
trolyzing  chlorates  at  low  temperatures  in  the 
same  type  of  cell. 

Hydrogen  and  Oxygen. —  One  of  the  most 
widely  distributed  of  the  electrochemical  indus- 
tries, but  one  that  is  usually  installed  in  fairly 
small  units,  is  the  electrolysis  of  water  for  the 
production  of  hydrogen  or  oxygen,  or  both. 
When  only  one  of  the  gases  is  required  it  is 
often  more  economical  to  produce  it  by  some 
other  method,  but  if  both  gases  are  needed,  it  is 
better  to  use  an  electrochemical  method,  and 
often  the  conditions  are  such  that  the  single  gas 
can  be  produced  advantageously  by  the  electro- 
chemical method. 

Apparatus  for  the  commercial  electrolysis  of 
water  uses  as  electrolyte  a  solution  either  of 
sulphuric  acid  (H,SO«).  or  one  of  the  alkalies 
(NaOH  or  KOH).  With  the  alkalies  the  cells 
are  usually  constructed  of  iron,  and  with  the 
acid,  they  must  be  lined  with  lead,  whatever  the 
body  of  the  cell  may  be.  With  the  alkaline  solu- 
tions, a  concentration  of  10  to  25  per  cent  is 
used,  and  with  acid,  20  to  30  per  cent.  The 
voltage  needed  to  force  a  current  through  such 
a  cell  is  composed  of  three  factors  —  the  voltage 
of  decomposition  of  the  water,  the  voltage  nec- 
essary to  overcome  the  resistance  of  the  cell, 
and  the  voltage  necessary  to  overcome  the  re- 
sistance of  the  gas  layers  on  the  electrodes, 
sometimes  known  as  *overvoltage.M  The  sul- 
phuric acid  solution  has  a  much  better  con- 
ductivity than  the  alkaline  solutions,  but  the 
resistance  of  the  gas  films  is  greater  on  lead 
than  on  iron,  so  that  on  the  whole,  cells  using 
alkaline  solutions  have  a  lower  working  voltage 
than  those  using  acid.  The  current  efficiency 
in  either  case  can  be  made  to  approach  100  per 
cent. 

The  total  voltage  required  for  the  cells  is 
2  3  to  3.6  volts.  The  energy  requirement  for  one 
cubic  meter  of  mixed  gases  is  3.7  to  5.9  kilowatt 
hours,  the  alkaline  cells  giving  the  lower  figure, 
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and  the  acid  cells  the  higher.  In  the  acid  cells, 
lead  anodes  are  used,  which  peroxidize,  and  the 
presence  of  PbOi  causes  the  oxygen  to  contain 
some  ozone.  The  chlorides  in  the  alkaline  solu- 
tion allow  the  anodes,  usually  of  iron  or  nickel, 
to  be  slowly  attacked,  requiring  occasional  re- 
placement. The  purity  of  the  gases  is  usually 
97  to  99  per  cent 

Electric  Smelting. —  One  of  the  earliest 
commercial  processes  in  elect rochemistry  was 
that  devised  by  E.  H.  and  A.  H.  Cowles  in  1884. 
A  mixture  of  about  two  parts  of  alumina,  one 
or  two  parts  of  granulated  copper  and  one  or 
two  parts  of  carbon  was  introduced  in  a  brick- 
work chamber.  Bundles  of  carbon  rods  inserted 
at  the  ends  formed  the  electrodes  between  which 
a  current  of  3,000  amperes  at  50  volts  was  main- 
tained. At  a  very  high  temperature  the  alumina 
was  reduced  (Al,Oi  +  3C=2Al  +  3CO)  and 
the  resulting  aluminum  combined  with  the  cop- 
per to  form  aluminum  bronze.  This  was  the 
forerunner  of  the  various  types  of  electro- 
thermal operation  described  in  the  following 
paragraphs. 

Iron  and  Steel  can  be  produced  by  reducing 
iron  ore  with  carbon  in  an  electric  furnace.  For 
example,  a  mixture  of  magnetite  and  carbon  can 
be  heated  by  passing  a  current  through  it,  as  in 
the  Cowles  aluminum  bronze  process,  by  passing 
the  current  through  a  carbon  core  in  contact 
with  the  material  as  in  the  carborundum  proc- 
ess; or  by  the  action  of  an  arc  as  in  the  carbide 
process.  The  reaction  is  simply  Fe,0«  +  4C 
3Fe  +  4CO.  Pure  iron,  cast  iron  or  steel  may 
be  produced,  depending  upon  the  proportion  of 
carbon.  The  chief  advantages  are  the  directness 
of  the  process  and  the  fact  that  no  impurities 
sulphur,  silicon,  etc.)  are  introduced  in  the 
uel,  besides  a  considerable  saving  of  fuel  over 
the  ordinary  steel  furnace.  On  the  other  hand 
it  is  a  question  of  location,  whether  the  electric 
furnace  can  compete  in  economy  with  the  blast 
furnace,  the  Bessemer  converter,  and  the  open- 
hearth  furnace.  Pig  iron  has  been  made  in  the 
electric  furnace  in  places  like  California  and 
Norway,  where  water  power  is  cheap  and  fuels 
expensive.  The  grade  of  iron  thus  produced 
is  equal  to  the  best  Swedish  charcoal  iron,  and 
commands  a  higher  price  than  ordinary*  pig  iron. 

The  chief  utilization  of  the  electric  furnace 
in  the  iron  and  steel  industry',  however,  is  not 
in  the  direct  production  of  pig  iron  or  steel,  but 
in  the  conversion  of  low-grade  metal  from  the 
Bessemer  or  open-hearth  into  a  high-grade 
metal,  or  in  the  rcmclting  and  refining  of  scrap 
steel  for  high-grade  castings.  Ordinary  metal 
from  the  Bessemer  converter  or  the  open-hearth 
furnace  can,  in  the  electric  steel  furnace,  be  con- 
verted into  metal  of  crucible  quality  or  better, 
at  a  lower  cost  than  crucible  steel,  and  in  large 
quantities,  up  to  25  tons  to  the  charge. 

Ferro-alloys.— One  of  the  most  important 
developments  in  the  steel  industry  in  recent 
years  has  been  the  production  of  the  various  al- 
loy steels,  —  steels  in  which  some  special  prop- 
erty is  secured  by  the  addition  of  some  other 
metal  to  the  simple  alloy  of  iron  and  carbon. 
The  simplest  way  to  produce  these  steels  is  by 
the  addition  to  ordinary  steel  of  the  proper 
amount  of  an  iron  alloy  carryini?  a  high  per- 
centage of  the  metal  desired.  This  ferro-alloy 
is  usually,  though  not  always,  made  electrother- 
mally  by  the  reduction  by  carbon  in  an  electric 
furnace  of  an  oxide  of  the  metal,  in  contact  with 
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metallic  iron  to  take  up  the  reduced  metal. 
Sometimes  a  reduction  is  made  of  a  mixture 
of  iron  oxide  and  the  oxide  of  the  metal  in 
question,  but  this  necessitates  the  supplying  of 
electric  energy-  for  the  reduction  of  the  iron,  as 
well  as  of  the  alloying  metal ;  and  the  iron  can 
usually  be  reduced  more  cheaply  by  other 
methods.  Under  these  conditions  the  reduction 
of  the  oxide  is  much  more  readily  accom- 
plished than  if  there  were  no  iron  present,  since 
the  iron  considerably  reduces  the  melting  point 
of  the  resulting  mixture.  The  type  of  furnace 
used  varies  somewhat  with  the  metal  being  pro- 
duced, but  in  general  are  quite  similar  to  those 
used  for  the  production  of  calcium  carbide. 

The  alloys  that  are  made  in  this  way  are: 
fcrromanganese,  ferrosilicon,  ferrochromium, 
fcrronickel,  ferrotungstcn,  fcrromolybdenum, 
ferrovanadium,  and  ferro-uranium.  . 

Silicon  Carbide. —  Known  under  the  trade 
names  "carborundum,*  *crystolon,"  and  "exo- 
lon"  silicon  carbide  is  produced  in  large  quanti- 
ties by  the  process  invented  by  E.  G.  Acheson. 
It  is  formed  by  intensely  heating  in  an  electric 
furnace  a  mixture  of  35  per  cent  of  gTound 
coke,  52  per  cent  of  sand,  and  about  11  per 
cent  of  sawdust  and  2  per  cent  of  salt,  the 
yield  being  seven  or  eight  tons  of  crystalline 
carborundum  and  a  considerable  amount  of  the 
amorphous  material.  The  furnaces  used  at 
Niagara  Falls  consist  of  simple  brick  hearths 
28  feet  long  and  11  feet  wide,  with  brick  walls 
at  each  end,  these  being  about  three  feet  thick 
and  six  or  eight  feet  high.  The  side  walls  are 
built  without  cement  or  mortar  to  allow  the 
escape  of  gases  and  because  they  have  to  be 
pulled  down  at  the  end  of  each  run  to  dis- 
charge the  furnace.  In  the  middle  of  each  of 
the  end  walls  .there  are  iron  frames  holding 
together  a  large  carbon  electrode  built  up  from 
a  number  of  small  electrodes,  through  which 
the  current  is  led  to  a  core  about  two  feet  in 
diameter  composed  of  broken  coke  and  ex- 
tending the  entire  length  of  the  furnace.  This 
core  is  raised  to  a  very  high  temperature  by 
passing  through  it  an  alternating  current,  using 
about  1,600  kilowatts.  The  heat  from  the  core 
permeates  the  mass  and  converts  it  at  a  tem- 
perature of  about  2.200°  C.  (4,100°  F.)  for 
some  distance  around  the  core  into  silicon  car- 
bide. The  unchanged  material  on  the  outside 
is  worked  over  in  the  next  charge.  The  coke 
of  the  core  is  converted  into  graphite.  The 
shell  of  carbide  is  broken  up  after  the  furnace 
has  cooled  and  is  used  in  the  manufacture  of 
trrinding  wheels  and  other  forms  of  abrasives 
It  is  also  used  to  a  limited  extent  as  a  refac- 
tory  material,  since  it  is  stable  at  high  temper- 
atures and  is  a  good  conductor  of  heat. 

Siloxicon. —  This  substance  is  an  oxygen- 
carbon-silicon  compound,  intermediate  between 
silica  and  carborundum.  It  is  formed  in  the 
electric  furnace  by  reducing  silica  with  carbon, 
but  not  carrying  the  reduction  so  far  as  with 
carborundum.  Siloxicon  is  an  exceedingly  re- 
tactory  material,  neutral  toward  both  acid  and 
basic  slags,  and  infusible  and  insoluble  in  molten 
metals.  It  is  used  as  a  furnace  lining,  either 
made  into  bricks  or  as  a  protective  wash  with 
sodium  silicate. 

Silicon. —  The  production  of  metallic  silicon 
(90  to  95  per  cent  pure)  has  been  accomplished 
by  the  extension  of  the  principles  used  in  the 
production  of  silicon  carbide  and  ferro-silicon. 
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It  is  made  in  an  arc  furnace  consuming  1,200 
to  1,500  horse  power,  having  two  electrodes 
dipping  down  into  the  charge,  consisting  of 
coke  and  sand.  The  principal  impurities  arc 
iron  and  aluminum,  with  some  carbon. 

Titanium  Carbide. —  This  compound  can  be 
made  by  a  process  exactly  as  for  carborundum, 
but  substituting  the  mineral  rutile  (titanium 
oxide)  for  the  sand  of  the  charge.  Made  into 
electrodes  for  arc  lights,  titanium  carbide  gives 
twice  the  light  given  by  carbon  electrodes. 

Calcium  Carbide. —  The  earliest  of  the  large 
electric  furnace  industries  to  be  established  was 
the  manufacture  of  calcium  carbide.  It  is  made 
in  the  electric  furnace  by  the  interaction  of 
lime,  CaO,  and  carbon,  usually  in  the  form  of 
coke  or  anthracite  coal.  Charcoal  can  be  used, 
and  in  fact,  on  account  of  its  purity,  is  the  most 
desirable  of  the  three,  but  is  always  more  ex- 
pensive. The  raw  materials  should  be  as  pure 
as  possible,  in  order  to  prevent  the  collection 
of  impurities  in  the  product.  Phosphorus  and 
arsenic  arc  particularly  to  be  avoided  as  im- 
purii.es,  and  sulphur  is  also  undesirable.  The 
lime  and  fuel,  coarsely  crushed,  arc  mixed  and 
charged  into  the  furnace,  where  they  are  heated 
to  die  reaction  temperature  mainly  by  the  direct 
action  of  the  arc. 

The  furnaces  for  the  manufacture  of  carbide 
arc  all  of  the  arc  type  and  only  a  small  portion  of 
the  heating  is  done  by  resistance.  They  may 
turn  out  the  carbide  cither  in  solid  blocks  or  as 
a  liquid,  to  be  tapped  out  as  collected.  For- 
merly the  furnaces  were  of  the  block  type,  but 
now  many  are  going  over  to  the  tapping 
furnaces. 

The  earliest  form  of  furnace  consisted  of 
an  electrode  suspended  in  a  car,  which  served 
as  the  other  electrode  and  as  a  container  for 
the  carbide.  This  form  of  furnace  was  small 
and  of  low  efficiency,  100  to  200  kilowatts  at 
i'.0  to  70  volts,  with  a  power  consumption  of 
6  to  7  kilowatt  hours  per  kilogram  of  85  per 
cent  carbide,  an  efficiency  of  only  40  per  cent. 
The  losses  of  raw  materials  were  also  high. 

The  modification  of  the  block  furnace  for 
continuous  operation,  the  solidified  material 
being  drawn  away  from  underneath  the  work- 
ing zone  of  the  furnace,  made  possible  a  de- 
crease in  power  consumption  to  4.5  kilowatt 
hours  per  kilogram  of  carbide.  The  size  of 
the  furnace  was  also  increased  up  to  375 
kilowatts. 

Tapping  furnaces  are  much  larger,  up  to 
1200  to  1,400  kilowatts  and  have  a  power  con- 
ntmption  of  4.2  to  4.5  kilowatt  hours  per  kilo- 
gram of  carbide.  One  ton  of  product  requires 
(J00  kilograms  of  lime  and  600  kilograms  of 
anthracite  coal. 

Three-phase  carbide  furnaces  have  been 
built  up  to  3,000  kilowatts  per  phase,  or  9.000 
kilowatts  per  furnace.  This  proved  to  be  the 
limit  in  furnace  extension  for  single  units,  as 
the  handling  of  larger  currents  at  the  electrodes 
gave  excessive  heat  and  volatilized  the  charge. 
A  unit  of  double  this  size  was  constructed  by 
including  two  three-phase  electrode  systems  in 
one  furnace  jacket.  This  gives  an  18.000  kilo- 
watt furnace  with  6  electrodes,  each  electrode 
carrying  up  to  45,000  amperes.  A  furnace  of 
this  size  will  produce  carbide  with  a  power 
consumption  of  4  to  42  kilowatt  hours  per 
kilogram.    Using  charcoal  as  a  source  of  car- 
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bon.  the  power  consumption  can  be  cut  as  low 
as  3.8  kilowatt  hours  per  kilogram,  equivalent 
to  about  69  per  cent  efficiency,  but  the  extra 
cost  of  the  charcoal  over  that  of  the  coal  will 
probably  overbalance  the  extra  saving  in  power. 

Cyanamide. — A  large  portion  of  the  calcium 
carbide  now  made  is  for  use  as  a  raw  material 
for  the  manufacture  of  calcium  cyanamide. 
The  carbide  after  being  finely  ground  is  heated 
to  temperature  of  about  1,000*  C.  (1.830°  F.) 
in  a  special  type  of  electric  furnace,  in  the  pres- 
ence of  pure  nitrogen.  The  nitrogen  combines 
with  the  carbide  forming  CaCNj.  This  formula 
calls  for  35  per  cent  of  nitrogen  in  the  product, 
but  since  the  carbide  is  never  entirely  pure  and 
since  it  is  not  entirely  converted,  the  resulting 
product  carries  about  20  per  cent  of  nitrogen. 

The  process  was  orginally  developed  for  the 
production  of  a  fertilizer  material  to  replace  the 
more  expensive  sodium  nitrate  or  ammonium 
sulphate,  but  processes  have  since  been  devel- 
oped for  the  conversion  of  the  nitrogen  of  the 
cyanamide  into  ammonia  and  for  the  oxidation 
of  the  ammonia  into  nitric  acid,  thus  providing 
a  means  for  the  chemical  utilization  of  the 
nitrogen  of  the  air.  This  same  result  has  been 
secured  by  the  direct  oxidation  processes  for 
atmospheric  nitrogen,  which  will  be  considered 
later. 

Graphite. — Artificial  graphite  was  first  con- 
sidered as  a  commercial  possibility  when  it  was 
noticed  that  in  the  carborundum  furnaces 
masses  of  graphite  frequently  resulted  from  the 
overheating  of  the  carborundum  in  the  center 
of  the  furnace,  the  carborundum  being  decom- 
posed and  the  silicon  volatilized,  leaving  the 
carbon  as  graphite.  The  process  was  then  car- 
ried on  with  the  intentional  overheating  of  the 
entire  charge,  with  the  result  that  it  was  con- 
verted into  graphite.  It  was  eventually  found 
that  all  carbides  decompose  with  the  formation 
of  graphite  and  the  volatilization  of  the  metal, 
and  that  it  was  not  necessary  to  make  up  a 
carborundum  charge  to  secure  graphite,  but 
that  any  carbonaceous  material  could  be  graphi- 
tized  that  carried  a  uniform  mixture  of  metal- 
lic oxides,  for  example,  coke  or  anthracite  coal. 
The  next  step  was  the  graphitization  of  molded 
carbon  materials,  particularly  electrodes,  it  be- 
ing only  necessary  to  incorporate  uniformly 
throughout  the  body,  while  in  the  process  of 
manufacture,  a  small  percentage  of  some  metal- 
lic oxide,  preferably  FcjOi,  this  being  largely 
volatilized  out  in  the  course  of  the  graphitiza- 
tion. The  amount  of  amorphous  graphite  pro- 
duced in  this  way  now  amounts  to  about  ten 
million  pounds  annually,  and  the  electrode 
material  graphitized  to  at  least  half  that 
amount. 

Alumina. —  Electrically  fused  alumina  under 
the  trade-names  of  "alundura"  and  "aloxitc*  is 
used  mainly  for  abrasive  purposes  and  to  a 
lesser  extent  as  a  refractory  material  mainly 
for  laboratory  apparatus.  The  process  consists 
in  fusing  down  pure  calcined  bauxite  in  an 
electric  furnace.  The  furnace  is  of  the  crucible 
type  with  two  electrodes  dipping  into  it.  When 
the  furnace  is  filled  it  is  shut  down,  the  sides 
stripped  off  and  the  block  of  alumina,  weighing 
about  five  tons,  is  cooled  slowly  and  then  broken 
to  lump  form  for  shipment.  The  furnace  works 
at  110  volts  and  2,500  amperes,  consuming  275 
kilowatts.  The  energy  consumption  is  about  2.1 
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kilowatt  hours  per  kilogram  of  alumina.  This 
is  about  half  the  power  requirement  for  car- 
borundum, but  the  raw  material  is  more  ex- 
pensive, so  that  the  product  is  a  trifle  more 
expensive  than  carborundum. 

Fused  Quartz. —  Fused  silica  ware  is  now 
made  by  several  manufacturers,  and  almost  any 
shape  can  be  secured  that  is  made  in  glass,  pro- 
viding the  size  is  not  too  great.  The  price  of 
the  material  is  still  quite  high.  Pure  silica  is 
fused  in  a  small  electric  furnace  and  the  main 
difficulty  encountered  is  the  heating  of  the 
silica  to  a  sufficient  temperature  for  it  to  flow 
easily  (2,000°  C.  or  3,600°  F.)  without  excessive 
volatilization  and  without  the  silicon  combining 
with  the  carbon  electrodes  to  form  siloxicon  or 
silicon  carbide. 

Phosphorus. —  The  disadvantages  of  the  old 
chemical  methods  for  the  manufacture  of  phos- 
phorus were  considerable,  the  reduction  of  phos- 
phoric acid  or  a  phosphate  giving  a  very  low 
yield.  The  operation  is  now  carried  on  electro- 
thermally,  reducing  a  mixture  of  bone  ash, 
calcined  phosphate  rock  or  calcined  wavellite 
(A1PO.)  with  carbon  and  sand.  The  phos- 
phorus distils  off  and  is  collected  under  water, 
and  the  calcium  or  aluminum  silicate  slag  is 
drawn  off  intermittently.  The  yield  of  phos- 
phorus is  80  to  90  per  cent  and  the  furnace 
requires  11.6  kilowatt  hours  per  kilogram  of 
phosphorus. 

Carbon  Bisulphide  — The  chemical  manu- 
facture of  this  substance  was  attended  with  con- 
siderable difficulty,  but  the  electrothermal  pro- 
duction works  very  easily,  and  one  plant  sup- 
plies the  entire  demand  of  this  continent.  A 
current  of  electricity  passing  through  a  granu- 
lar carbon  resistor  volatilizes  sulphur  to  vapor, 
which  passes  up  through  a  column  of  hot  char- 
coal above  the  resistor,  forming  CSi,  which  is 
drawn  off  from  the  top  of  the  furnace  and  con- 
densed. The  energy  consumption  is  about  1.15 
kilowatt  hours  per  kilogram  of  CSi,  an  efficiency 
of  about  35  per  cent. 

Nitrogen  Fixation. —  The  direct  oxidation 
of  the  nitrogen  of  the  atmosphere  for  the  pro- 
duction of  nitric  acid  and  ammonia  is  a  re- 
sult long  sought  by  numerous  investigators,  but 
it  is  only  within  recent  years  that  it  has  become 
a  commercial  possibility.  This  has  now  been 
accomplished  in  three  types  of  processes.  One 
of  these,  the  direct  combination  of  nitrogen 
with  hydrogen  to  form  ammonia,  is  more  chem- 
ical than  electrothermal,  and  so  docs  not  con- 
cern us  here.  The  second  type  of  process  is  a 
more  or  less  indirect  conversion  of  the  nitro- 
gen, largely  electrothermal  in  character  and  is 
treated  in  the  preceding  paragraphs  on  Cal- 
cium Carbide  and  Cyanamide.  The  third 
type  of  process  is  the  direct  combination 
of  atmospheric  nitrogen  and  oxygen  to  form 
nitrous  oxide  under  the  influence  of  a  high- 
tension  electric  discharge.  This  process  is  gen- 
erally known  as  the  arc  process,  while  the  pre- 
ccd  ng  process  is  known  as  the  cyanamide 
process. 

The  arc  process,  while  a  very  interesting 
development  from  an  electrochemical  stand- 
point and  as  the  pioneer  in  the  field,  cannot 
cope  with  the  cyanamide  process  either  in  cost 
of  operation  or  in  efficiency.  One  of  the 
simplest  forms  of  apparatus  and  at  the  same 
time  one  of  the  most  satisfactory  is  that  of 


Birkeland  and  Eyde.  If  an  arc  is  struck  be- 
tween two  high-tension  electrodes,  it  imme- 
diately tends  to  break  down  to  a  low-voltage 
arc,  at  a  high  current,  but  if  the  arc  is  placed 
between  two  powerful  electromagnets  the  elec- 
tromagnetic force  will  bend  the  arc  out  from 
the  line  of  the  electrodes,  in  a  semi-circular 
form.  As  the  arc  spreads  and  becomes  longer, 
the  current  drops  and  the  voltage  at  the  elec- 
trodes increases  and  soon  reaches  a  point 
where  a  second  arc  strikes  across  between  the 
electrodes  in  the  same  manner,  to  be  imme- 
diately followed  by  others  until  the  first  arc 
formed  reaches  such  a  length  that  the  voltage 
is  no  longer  able  to  sustain  it.  Since  an  alter- 
nating current  is  used,  the  succeeding  arcs 
form  on  opposite  sides  of  the  electrodes  and, 
with  proper  regulation,  maintain  a  circular  sheet 
of  flame,  composed  of  a  series  of  arcs  progress- 
ing outward  till  they  are  extinguished  either  by 
becoming  too  long  to  be  maintained  by  the  volt- 
age available  or  by  the  reversal  of  the  electro- 
motive force  at  the  end  of  every  half  period  of 
the  alternating  current. 

This  disc  of  flame,  which  is  about  1.6  metres 
in  diameter,  is  enclosed  in  a  furnace  and  a 
current  of  air  is  forced  out  radially  on  each 
side  of  the  arc.  Furnaces  are  in  operation, 
taking  3,200  to  4,000  kilowatts  at  about  5,000 
volts,  of  which  3,300  to  3,900  volts  are  across 
the  arc,  the  remainder  being  the  drop  in  the 
series  inductances.  The  frequency  is  50  cycles, 
the  power  factor  is  66  to  68  per  cent  and  the 
current  940  amperes.  The  gas  from  the  fur- 
naces carries  1  to  1.2  per  cent  NO,  and  the  yield 
of  HNOi  is  about  67  grams  per  kilowatt  hour. 

The  Paulding  process  is  similar  in  princ.ple 
to  the  Birkeland-Eyde,  but  differs  in  applica- 
tion. Here  the  succession  of  arcs  is  produced 
not  by  magnetic  deflection  but  by  blowing  the 
blast  of  air  that  is  to  be  treated  between  the 
two  electrodes,  thus  accomplishing  the  same  end 
as  the  magnet  of  Birkeland  and  Eyde,  except 
that  the  sheet  of  flame  extends  on  one  side  of 
the  electrodes  only.  The  gas  from  the  Paulding 
furnace  is  somewhat  richer  than  that  from  the 
Birkeland-Eyde  furnace,  but  the  yields  are  some- 
what lower.  Each  furnace  contains  two  200- 
kilowatt  arcs  in  series,  at  4,000  volts,  taking  140 
amperes  at  a  power  factor  of  70  per  cent. 

In  comparison  with  these  processes,  the 
Schonherr  process  is  of  interest,  this  being 
based  on  a  different  principle.  Both  the  Birke- 
land-Eyde and  the  Paulding  processes  recognize 
the  difficulty  of  maintaining  a  high-tension  arc 
particularly  when  subjectedto  a  current  of  air, 
and  so  means  are  provided  for  securing  a  rapid 
succession  of  arcs  as  fast  as  they  arc  extin- 
guished. As  a  matter  of  fact,  the  arcs  are 
made  to  overlap,  so  several  exist  in  parallel  at 
the  same  time.  Schonherr,  however,  attacked 
the  problem  of  maintaining  a  stable  high-ten- 
sion, high-current  arc,  working  on  the  prin- 
ciple that  if  the  air  current  were  so  introduced 
that  it  did  not  deform  the  arc,  the  discharge 
could  be  maintained  in  a  stable  condition. 
Paulding  used  the  air  current,  at  right  angles 
to  the  arc.  to  draw  the  arc  out  to  a  greater 
length.  Schonherr  secured  the  same  result 
without  destroying  the  arc  by  introducing  the 
air  tangentially  from  all  sides  simultaneously  so 
that  it  traveled  with  a  helical  motion  in  the 
direction  of  the  arc.    This  neither  deformed 
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the  arc  nor  ovcrcooled  it,  allowing  it  to  burn 
quietly.  Working  on  this  pr.nciplc,  the  com- 
mercial furnaces  designed  by  Hessbcrger  take 
700  to  750  kilowatts,  3,500  volts  and  290 
amperes  with  a  power  factor  of  66  per  cent. 
The  arc  carried  is  from  5  to  7  metres  (16  to 
22  feet)  in  length.  The  gases  carry  1.5  to  2 
per  cent  NO  and  the  yield  is  68  grams  HNO» 
per  kilowatt  hour. 

Ozone  is  a  polymerized  form  of  oxygen 
which  may  be  produced  by  a  silent  electric  dis- 
charge from  a  static  electric  machine,  induction 
coil  or  very  high  voltage  transformer,  through 
oxygen  or  air. 

It  has  powerful  oxidizing  and  bactericidal 
properties  and  is  extensively  used  in  water  and 
air  purification. 

Other  Compounds. —  Many  other  com- 
pounds, too  numerous  to  describe,  are  made  by 
electrochemical  processes  of  one  kind  or  an- 
other. For  details  of  the  principles  involved  in 
the  operations  of  such  processes,  sec  Electro- 
chemistry, Electrolysis,  Electric  Furnaces 
and  Metallurgy.  For  details  on  individual 
subjects,  see  under  the  name  of  the  substance  in 
question. 
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ELECTROCHEMICAL    SERIES,  the 

arrangement  of  the  chemical  elements  in  the 
order  of  their  ability  to  replace  one  another  in 
a  solution. 

ELECTROCHEMICAL  SOCIETY, 
Amer'can.  The  American  Electrochemical 
Society  was  organized  3  April  1902,  at 
Philadelphia,  Pa.,  the  objects  of  the  so- 
ciety, as  stated  in  its  constitution,  being 
the  advancement  of  the  theory  and  practice 
of  electrochemistry.  The  charter  members 
of  the  Society  numbered  337,  while  the  member- 
ship at  the  close  of  the  year  1917  was  about 
1.600.  Since  its  organization,  the  Society  has 
held  two  meetings  each  year,  in  the  Spring  and 
Autumn,  for  the  presentation  and  discussion  of 
papers  on  electrochemical  subjects.  These 
meetings  have  been  distributed  as  follows: — 
New  York  city,  9;  Niagara  Falls.  4;  Atlantic 
City.  2;  Boston,  2;  Philadelphia.  2;  Pittsburgh, 
2;  Washington,  2;  and  one  each  in  Albany, 
N.  Y. ;  Bethlehem.  Pa.;  Chicago.  III.;  Detroit, 
Mich.;  Denver,  Colo.;  Ithaca,  N.  Y.;  Saint 
Louis,  Mo. ;  San  Francisco  Cal. ;  Toronto,  Can. 
Since  the  membership  of  the  Society  includes 
practically  all  of  the  prominent  clectrochemists 
of  the  United  States,  as  well  as  many  in  for- 
eign countries,  the  Society  has  naturally  played 
an  active  part  in  scientific  developments  in  the 
years  since  its  organization, 
vou  to-  u 


ELECTROCHEMICAL  TELEGRAPH, 

a  telegraph  which  records  signals  upon  a  paper 
sheet  or  strip  moistened  with  a  chemical  solu- 
tion, which  is  decomposed  by  the  electric  cur- 
rent. Sec  Telegraphy  —  Chemical  Automatic 
Telegraphs. 

ELECTROCHEMISTRY.  That  branch  of 
chemistry  which  treats  of  the  utilization  of  elec- 
trical energy  to  facilitate  or  carry  on  a  chemical 
reaction  is  known  as  electrochemistry.  This  end 
may  be  accomplished  in  one  of  three  ways :  by 
electrolysis,  by  electrothermal  action,  or  by  the 
discharge  of  electricity  through  gases.  Con- 
versely, electrochemistry  also  includes  those  re- 
actions by  which  electricity  is  generated  by 
means  of  chemical  action.  It  was  the  Italian 
physicist  Alessandro  Volta  (q.v.),  a  professor 
in  the  University  of  Pavia,  who  first  discovered 
that  when  two  metals  and  a  liquid  are  combined 
in  a  circuit  an  electric  current  is  produced.  It 
was  also  Volta,  who,  for  the  first  time,  distin- 
guished between  the  two  classes  of  electrical 
conductors,  recognizing  the  difference  between 
metallic  conductors  and  electrolytic  conductors, 
which  is  the  foundation  of  all  electrolytic  work. 
Soon  after  this  he  established  what  has  been 
called  the  contact  electromotive  series,  which  is 
a  table  of  metallic  conductors  arranged  in  such 
order  that  if  any  two  of  them  be  connected 
with  each  other  and  also  with  an  electrolytic 
conductor,  an  electric  current  will  flow  through 
the  liquid  from  the  metal  higher  in  the  scries 
to  the  one  lower  in  the  scries,  and  the  current 
increases  in  magnitude  the  farther  apart  the  two 
metals  are  in  the  scries.  Following  this,  it  was 
discovered  by  Ritter,  that  the  order  of  the 
metals  in  this  series  was  the  same  as  the  previ- 
ously known  order  in  which  metals  replaced 
each  other  in  solutions  of  their  salts.  This  dis- 
covery was  the  first  bond  of  linkage  between 
the  newer  science  of  electricity  and  the  older 
one  of  chemistry,  and  marks  the  birth  of  our 
modern  electrochemistry.  Volta's  contact  elec- 
tromotive series  soon  led  to  the  development  of 
the  voltaic  pile  (q.v  ),  the  first  device  for  the 
generation  of  electric  current,  and  one  depend- 
ent entirely  on  electrochemical  principles.  In 
his  work  on  the  pile,  Volta  could  hardly  have 
failed  to  notice  the  formation  of  gas  bubbles 
on  the  metals  immersed  in  his  solutions,  and  the 
fact  that  he  makes  no  mention  of  these 
phenomena  indicates  that  he  did  not  appreciate 
the  significance  of  the  reactions  that  were  tak- 
ing place.  It  remained  for  Nicholson  and 
Carlisle  in  1800  to  record  the  formation  of 
hydrogen  and  oxygen  on  passing  the  electric 
current  through  water.  In  the  study  of  the 
various  decompositions  it  was  soon  noted  that 
there  was  a  formation  of  alkali  at  the  negative 
pole  in  the  electrolysis  and  of  acid  at  the  posi- 
tive pole.  Following  up  these  observations  led 
to  the  discovery  by  Davy  in  1807  of  the  alkali 
metals,  sodium  and  potassium,  which  he 
separated  by  electrolysis  of  the  fused  hydrates, 
thus  laying  the  foundation  for  the  development 
100  years  later  of  the  Cashier  process  of  manu- 
facture of  metallic  sodium  on  a  commercial 
scale.  (See  Electrochemical  Industries).  It 
was  Berzelius,  the  great  Swedish  chemist,  who 
devised  the  first  theory  for  the  explanation  of  the 
nature  of  chemical  compounds,  based  upon  elec- 
trochemical observations.  The  Berzelius  ->"Jorv 
dominated  this  new  science  and  the  parent 
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science  of  chemistry  as  well  for  many  decades, 
but  in  turn  was  supplanted  by  other  theories. 
During  its  lifetime,  however,  it  served  as  the 
basis  for  an  enormous  amount  of  valuable  dis- 
cussion and  research.  According  to  the  Berzc- 
lius  theory,  chemical  atoms  behave  similarly  to 
a  magnet,  having  a  positive  and  negative  pole, 
but  in  the  case  of  some  elements  the  positive 
pole  is  much  the  stronger  of  the  two  and  in 
others  the  negative  pole  is  the  stronger.  Con- 
sequently the  atom  behaves  in  accordance  with 
the  character  of  the  predominating  pole,  and 
the  positive  or  negative  character  of  the  pre- 
dominating pole  of  the  atoms,  and  its  relative 
strength,  determine  the  chemical  character  of 
the  element.  Atoms  of  an  electropositive  char- 
acter can  then  combine  with  those  of  electro- 
negative character,  in  projxjrtions  determined 
by  their  relative  strength,  thus  neutralizing 
each  other  more  or  less,  but  not  necessarily 
completely.  If  complete  neutralization  does 
not  result  from  the  first  combination  the  result 
is  a  compound  which  is  more  or  less  electro- 
positive or  electronegative,  depending  on  which 
charge  predominates,  and  compounds  of  this 
kind  of  opposite  polarity  can  still  further  com- 
bine for  more  complete  neutralization.  Com- 
binations of  certain  elements  thus  gave  com- 
pounds of  an  acid  character  while  others  gave 
compounds  of  a  basic  character,  and  these  com- 
bine to  form  salts,  which,  if  not  completely 
neutralized,  can  still  further  combine  to  form 
double  salts. 

After  the  establishment  of  the  Bcrzelius 
theory,  no  great  progress  was  made  along  elec- 
trochemical lines  until  about  1835,  when  Fara- 
day announced  his  discovery  of  what  are  now 
known  as  Faraday's  laws,  which  will  be  dis- 
cussed later.  Faraday  received  his  taste  for 
scientific  work  and  the  training  that  led  up  to 
it  while  serving  as  a  helper  in  the  laboratory 
of  Sir  Humphrey  Davy,  and  Davy  is  said  to 
have  once  rcplictf,  in  answer  to  a  question,  that 
his  most  important  scientific  discovery  was 
Michael  Faraday.  Besides  the  laws  governing 
the  quantitative  relations  of  electrochemical 
reactions,  we  also  owe  to  Faraday  our  system 
of  electrochemical  nomenclature.  To  explain 
the  reactions  taking  place  he  assumed  the  pas- 
sage of  the  electricity  to  be  associated  with  the 
movement  in  the  solution  of  particles  of  mat- 
ter which  he  called  ions;  the  poles  themselves 
were  in  general  termed  electrodes,  the  positive 
pole  being  the  anode  and  the  negative  pol«  the 
cathode;  the  ions  that  moved  to  the  positive 
pole  were  anions,  and  those  moving  toward  the 
negative  pole  were  cathions;  the  solution  un- 
dergoing decomposition  was  the  electrolyte, 
that  surrounding  the  anode  being  the  anolyte, 
and  that  surrounding  the  cathode  the  catholyte ; 
the  process  of  decomposition  was  called  electro- 
lysis. 

When  the  decomposition  of  water  was  first 
noticed,  an  explanation  was  sought  for  the  si- 
multaneous appearance  of  hydrogen  at  one  elec- 
trode and  of  oxygen  at  the  other.  In  1805 
Grotthus  proposed  a  theory  to  explain  the 
mechanism  of  the  conduction  of  the  electric 
current  through  the  solution  and  opened  the 
discussion  of  a  problem  for  which  we  still  have 
no  entirely  satisfactory  solution.  According  to 
the  Grotthus  theory,  the  current  charges  one 
electrode  positively  and  the  other  negatively, 


and  these  charged  surfaces  in  turn  act  on  the 
molecules  of  water  in  such  a  way  that  the  hy- 
drogen of  the  water  becomes  positively  charged 
and  the  oxygen  negatively  charged.  The  at- 
traction of  the  negative  pole  for  the  positively 
charged  hydrogen  and  of  the  positive  pole  for 
the  negatively  charged  oxygen  then  causes  the 
molecules  to  arrange  themselves  as  shown  in  A 
of  Fig.  1.   If  the  charge  on  the  two  electrodes 
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is  then  sufficient,  the  atoms  a  and  a  have  their 
charges  neutralized  at  the  electrode  and  become 
free  gas;  the  atoms  b  and  b'  then  recombine 
with  c  and  c  and  so  on  throughout  the  line, 
forming  new  molecules  of  water,  as  in  B,  which 
then,  under  the  continued  influence  of  the  cur- 
rent, will  reorient  themselves  as  before  and  the 
whole  process  is  repeated.  This  theory  held 
its  own  for  about  50  years,  but  as  the  science 
developed,  imperfections  were  discovered  that 
made  it  no  longer  tenable,  and  it  was  eventually 
replaced  by  the  Clausius  theory.  Clausiu9  as- 
sumed that  the  positive  and  negative  portions 
of  the  molecule  in  the  electrolyte  were  not 
firmly  combined  with  each  other,  but  were  in  a 
state  of  continuous  vibration,  which  if  it  became 
vigorous  enough  would  cause  tho  positive  part 
of  one  molecule  to  come  within  the  sphere  of 
influence  of  the  negative  part  of  another  mole- 
cule, with  which  it  would  unite,  the  negative 
and  positive  particles  thus  left  temporarily  free 
in  turn  soon  come  within  the  sphere  of  other 
oppositely  charged  particles  with  which  to  unite, 
so  that  there  would  be  going  on  through  the 
solution  all  the  time  a  continuous  interchange 
between  the  particles.  But  when  an  electric 
current  is  sent  through  the  solution,  a  force  is 
generated  in  the  direction  of  the  flow  of  the 
current  and  the  vibration  and 'exchange  is  no 
longer  irregular,  and  in  all  directions,  but  is 
intensified  in  the  direction  of  the  current  flow, 
thus  causing  a  movement  of  positive  particles 
toward  the  negative  pole,  and  vice  versa. 

The  Grotthus  idea  of  fixed  ions  was  thus 
replaced  by  the  vibrating  ions  of  Clausius,  and 
this  in  turn,  some  30  years  later,  was  icplaced 
by  the  Arrhenius  theory  of  free  ions.  This 
theory  has  probably  given  a  greater  impulse  to 
electrochemical  research  and  has,  directly  and 
indirectly,  been  an  aid  to  more  discoveries  than 
any  other  conception  in  the  field  of  electro- 
chemistry. The  Arrhenius  theory,  or  as  it  is 
frequently  called,  the  electrolytic  dissociation 
theory  (see  Solutions)  was  based  on  the  as- 
sumption that  when  an  acid,  base  or  salt  was 
dissolved,  yielding  a  solution  that  was  a  con- 
ductor of  electricity,  the  molecules  of  the  dis- 
solved substance  were  by  the  act  of  solution  de- 
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composed  into  part-molecules,  or  ions.  At  any 
finite  concentration  the  solution  will  still  con- 
tain a  certain  amount  of  undissociated  material, 
and  only  at  infinite  dilution  is  the  substance 
completely  dissociated  into  ions.  These  disso- 
ciated ions  are  positively  and  negatively  charged, 
and  it  is  the  ions  that  act  as  carriers  of  the 
current,  the  conductivity  of  the  solution  being 
dependent  on  the  degree  of  dissociation  of  the 
dissolved  substance. 

The  discrepancies  that  constantly  cropped 
out  in  the  development  of  the  details  of  the  Ar- 
rhenius  theory  led  up  to  what  is  known  as  the 
Hydrate  theory,  which  assumes  that  part  of  the 
water  present  in  the  solution  is  combined  with 
the  dissolved  substance  thus  leaving  as  free 
solvent  only  a  portion  of  the  total  amount  pres- 
ent, which  from  a  concentration  standpoint 
would  bring  about  the  same  results  as  the  as- 
sumption according  to  the  Arrhenius  theory  of 
an  increase  of  the  ultimate  particles  in  the  solu- 
tion by  dissociation.  And  this  idea,  in  turn, 
becomes  the  Solvate  theory  when  its  principles 
arc  extended  from  aqueous  to  all  solutions,  both 
aqueous  and  non-aqueous.  This  Solvate  theory, 
supplementing  the  Arrhenius  theory,  extends 
the  latter  from  its  former  constricted  field  of 
dilute  solutions  to  a  theory  of  solutions  in  gen- 
eral. There  arc  still,  however,  many  points 
that  need  further  development,  particularly  with 
regard  to  the  exact  relation  between  dissocia- 
tion and  solvation. 

If  the  law  of  conservation  of  energy 
holds,  there  must  necessarily  be  a  direct 
relation  between  electrical  energy  and  chemi- 
cal energy  on  the  one  hand  and  heat 
energy  on  the  other.  This  brings  us  first  to  the 
discussion  of  Faraday's  laws  (q.v.),  two  of  the 
most  fundamental  statements  in  natural  sci- 
ence. Faraday's  first  law  specifics  that  the 
amount  of  chemical  action  produced  by  an  elec- 
tric current  in  a  circuit  is  directly  proportional 
«o  the  quantity  of  electricity  which  passes 
through  the  circuit.  The  second  law  specifies 
that  the  quantities  of  different  substances 
which  are  produced  by  the  same  amount  of  elec- 
tricity passing  are  directly  proportional  to  the 
chemically  equivalent  weights  of  the  substances 
concerned.  These  effects  are  entirely  independ- 
ent of  the  concentration  or  temperature  of  the 
solution,  the  size  or  distance  apart  of  the  elec- 
trodes, and  all  other  conditions.  These  laws 
hold  with  great  exactness  not  only  for  ordinary 
aqueous  solutions,  but  also  for  non-aqueous 
solutions  and  for  fused  salts.  The  quantity  of 
electricity  that  is  necessary  to  deposit  the 
chemically  equivalent  weight  of  anv  substance 
is  96,500  coulomhs  (ampere  seconds)  and  this 
unit  quantity  is  known  as  a  Faraday,  after  its 
discoverer.  -  Another,  and  possibly  better,  way 
of  stating  this  is  to  say  that  one  Faraday  of 
electricity.  96.500  coulombs,  is  required  to  make 
a  unit  change  in  valence  of  any  element  or  rad- 
ical. One  Faraday  then  will  deposit  as  metal 
56/3  gram9  of  iron  from  a  solution  of  ferric 
iron  (a  charge  of  three  valences)  or  it  will 
reduce  56  grams  of  iron  from  ferric  to  ferrous, 
a  change  of  one  valence.  This  holds  equally 
well  whether  it  is  a  decrease  of  valence  accom- 
panying a  chemical  reduction,  or  whether  it  is 
an  increase  of  valence  accompanying  an  oxida- 
tion. The  fact  that  96.500  coulombs  will  de- 
posit one  chemical  equivalent  of  an  element 
makes  it  possible  to  calculate  from  this  rela- 


tion the  amount  of  any  element  that  would  be 
deposited  by  any  given  amount  of  current.  Ac- 
cording to  this,  one  coulomb  should  deposit 
1  008 

'       =0.000010446   grams   of    hydrogen  or 

2xto  loo  =0.0003294  grams  of  copper.  These 

values  are  known  as  the  electrochemical  equiv- 
alents (q.v.)  and  can  readily  be  calculated  for 
any  material.  The  ampere-second  values  are 
usually  used  for  scientific  work,  but  for  practi- 
cal work  in  the  plant,  larger  units  for  the 
ampere  hour  or  ampere  day  may  be  used 
Faraday's  laws  refer  only  to  quantities  of  elec- 
tricity involved  in  bringing  about  certain 
changes,  but  say  nothing  about  the  quantities  of 
electrical  energy  necessary  for  the  change.  To 
arrive  at  values  for  the  energy  involved,  we 
must  consider  not  only  the  quantity  factor  of 
the  current  used,  but  also  the  intensity  factor. 
In  other  words,  Faraday's  laws  deal  with  am- 
pere changes,  while  the  energy  involved  is  con- 
cerned with  amperes  X. volts,  or  watts. 

All  chemical  reactions  can  be  compared 
from  an  energy  standpoint  on  the  basis  of  the 


changes  accompanying  the  re- 


thermc 
action. 

1  calorie=4.186  watt  seconds 

1  watt  seconds  coulomb  X  1  volt 

or  1  volt-coulomb=K).2389  calorie. 

Then  1  volt-Faraday  =-0.2389  X  96,500  — 
23,054  calorics.  Any  given  reaction  involving 
one  Faraday  will  then  require  as  many  volts 
as  the  heat  balance  of  the  reaction  will  contain 
23,054.  For  example,  the  heat  of  formation  of 
water  is  69,000  calories,  and  to  decompose  it 
an  equivalent  amount  of  energy  must  be  sup- 
plied. A  molecule  of  water,  HjO,  includes  two 
chemical  equivalents,  so  per  chemical  equivalent, 
there  must  be  supplied  34,500  calones.  The 
voltage  required   for  the  decomposition  will 

then   be   -  ga4s~M  1.495  volts.   The  decom- 
23,054 

position  of  one  molecular  weight  (18  grams) 
of  water  then  by  electrical  energy  would  require 
2  x  96,540=193,080  ampere  seconds  of  electricity 

u         r  i  ^o      I.  193,080  X    1  49 

at  a  voltage  of  1.49  volts,  or   ~^'n  ^  .--v. 

3600  X  1000 

=008  kilowatt  hours  of  electrical  energy. 
This  same  principle  can  be  applied  to  the 


calculation  of  the  electromotive 
mary    or    secondary  batteries 
applied  to  the  thermochemical 


force  of  pn- 
(q.v.)  when 
balance  of  the 


chemical  reaction  that  takes  place  in  the  cell. 
The  chemical  reaction  in  the  Daniell  cell  is 

Zn+CuSO,— ZnSO.+Cu. 
The  heat  of  formation  in  dilute  solution  of 
CuSO,  is  197.500  cat  and  of  ZnSO«  is  248.000 
cal.  leaving  an  excess  of  248,000—197,500=' 
50,500  cal.  for  two  Faradays,  or  25.250  cal.  for 

one  Faraday.  "  Q54  ~~  1.094  volts  supplied  by 
the  cell. 

The  reaction  on  charging  a  lead  storage 

batten,-  is 

2  PbS0.4-2H,0=ri»0,+Pb+2  H  SO. 
215.700  2(69.000)  63,400  2(210.200) 

This  reaction  ihows  a  deficit  of  569.400 — 473,- 
800=95,600  cal.  for  1  PbO,  (two  Faradays)  or 
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47,800  cal.  for  one  Faraday.   It  will  then  re- 

quire  23*054  —  2  073  volls  10  cnar8e  the  cel1. 

and  since  the  reaction  is  reversible,  when  once 
charged,  it  will  be  capable  of  generating  the 
same  voltage. 

Of  the  phenomena  accompanying  electrol- 
ysis with  unattackable  electrodes,  two  of  the 
most  interesting  are  polarization  and  over-vol- 
tage. With  electrolyses  that  are  more  or  less 
reversible,  it  may  be  noted  that  after  the  pas- 
sage of  the  current  has  caused  some  decompo- 
sition, there  is  a  tendency  for  recombination  of 
the  materials  present  at  the  electrodes.  If  the 
current  is  stopped,  it  will  be  noted  that  for  a 
short  time  there  will  be  generated  a  small  cur- 
rent in  the  opposite  direction  from  that  of  the 
current  originally  imposed.  This  is  known  as 
the  polarization  current  and  the  voltage  gener- 
ating it  is  known  as  the  polarization  voltage. 
This  polarization  voltage,  being  in  the  reverse 
direction  from  the  voltage  causing  the  original 
electrolysis,  will  reduce  the  electromotive  force 
on  the  cell,  and  the  current  passing.  In  an 
electrolysis  involving  the  separation  of  a  free 
gas  on  an  unattacked  electrode,  it  is  welt  known 
that  the  voltage  required  for  decomposition  is 
greater  than  that  calculated  from  the  heat  of 
formation.  This  excess  of  voltage  required 
over  the  theoretical  is  called  over-voltage,  or 
more  recently,  gas  voltage.  These  voltages 
vary  widely  for  various  metals  and  an  explana- 
tion of  the  differences  has  long  been  sought. 
Recent  investigations  seem  to  indicate  that  the 
differences  are  mechanical  rather  than  chem- 
ical. Calorimetric  measurements  show  that 
the  amount  of  electrical  energy  disappearing 
as  chemical  work  is  the  equivalent  of  the  nor- 
mal decomposition  voltage  for  the  reaction  tak- 
ing place,  and  that  the  over-voltage  appears  in 
the  solution  as  heat.  This  would  indicate  that 
the  nature  of  the  over-voltage  was  mechanical, 
and  the  probable  explanation  is  that  it  repre- 
sents the  amount  of  energy  necessary  to  over- 
come the  resistance  of  the  film  of  gas  on  the 
electrode.  The  gas  as  first  formed  on  the 
electrode  is  a  thin  film  over  the  entire  surface, 
and  then  as  the  amount  of  gas  increases  sur- 
face tension  begin*  to  act  to  form  the  film  into 
bubbles  of  eas  which  detach  themselves  from 
the  electrode  and  escape  from  the  solution. 
The  amount  of  energy  necessary  to  force  the 
current  through  this  gas  film  over  the  surface 
of  the  electrode  will  of  course  increase  with 
the  thicknes*  of  the  film,  and  in  turn  the  thick- 
ness of  the  film  will  be  dependent  on  the  ease 
with  which  the  gas  mechanically  separates 
itself  from  the  surface  of  the  electrode.  This 
will  naturally  vary  with  the  material  of  the 
electrode  and  with  the  condition  of  its  surface. 

When  the  products  of  an  electrolysis  arc  stable 
and  ran  he  removed  from  the  cell  in  the  form 
in  which  they  were  deposited,  there  is  no  reac- 
tion taking  place  except  the  electrolytic  decom- 
position itself  and  this  is  said  to  be  a  primary 
reaction.  In  many  cases,  however,  the  products 
of  electrolysis  undergo  further  reaction  and 
appear  in  some  other  form  than  that  in  which 
they  were  originally  deposited.  In  thi*  case  the 
reaction  is  said  to  be  secondary.  These  sec- 
ondary reactions  may  be  divided  into  two 
classes,  depending  on  whether  the  products 
of  decomposition  react  on  the  material  of 


the  electrodes,  or  whether  they  react  on 
the  electrolyte.  If  desired,  each  of  these 
classes  can  be  still  further  subdivided  into  two 
classes,  the  first  as  to  whether  the  action  is  on 
the  cathode  or  on  the  anode,  and  the  second 
as  to  whether  the  action  is  on  the  catholyte  or 
anolyte.  For  example,  if  a  solution  of  sodium 
sulphate  were  clcctrolyzed  the  primary  reaction 
would  result  in  the  deposition  of  metallic 
sodium  on  the  cathode  and  of  the  SO,  radical 
on  the  anode.  The  sodium  would  then  react 
with  the  water  in  the  electrolyte  with  the  for- 
mation of  NaOH  and  hydrogen,  while  the  SO« 
would  react  with  the  water,  forming  H»SO«  and 
oxygen.  On  the  other  hand,  if  a  solution  of 
NaCl  were  clcctrolyzed  with  a  mercury  cathode 
and  a  silver  anode  the  sodium  set  free  at  the 
cathode  would  react  on  it  with  the  formation  of 
an  amalgam,  and  the  chlorine  set  free  at  the 
anode  would  combine  with  it  with  the  forma- 
tion of  AgCl.  Since  the  electrolysis  of  the 
water  of  an  aqueous  solution  results  in  the 
formation  of  hydrogen  at  the  cathode  and  of 
oxygen  at  the  anode,  we  can  have  in  the  solu- 
tion as  the  result  of  secondary  reaction  either  a 
reducing  or  an  oxidizing  action  by  using  condi- 
tions which  favor  the  absorption  in  the  solu- 
tion of  whichever  is  desired.  A  large  electrode 
and  a  low  current  density  favor  the  absorption 
of  the  gas  in  the  nascent  condition  as  fast  as 
formed,  while  a  small  electrode  and  a  hgh  cur- 
rent density  tend  to  cause  the  throwing  off  of 
the  gas  as  free  bubbles  almost  as  fast  as 
formed  and  with  only  a  limited  opportunity  for 
absorption.  Low  current  density  at  the  cathode 
and  high  at  the  anode  will  then  give  a  strong 
reducing  action,  while  high  density  at  the 
cathode  and  low  at  the  anode  will  give  strong 
oxidizing  action.  For  further  discussion  of  the 
phenomena  accompanying  the  passage  of  a  cur- 
rent of  electricity  through  a  solution,  see  the 
article  on  Electrolysis. 

In  electrothermal  applications  it  is  the 
heating  action  of  the  current  that  is  sought 
rather  than  its  chemical  action  at  the  electrodes 
during  electrolysis.  An  apparatus  for  the 
utilization  of  the  heating  action  of  the  cur- 
rent for  carrying  on  a  high-temperature  re- 
action is  known  as  an  electric  furnace.  In 
case  the  combined  action  of  the  high  tempera- 
ture and  the  chemical  action  of  the  current  are 
both  used,  the  apparatus  is  called  an  electro- 
lytic furnace.  In  the  former,  as  a  matter  of 
convenience  and  economy  in  handling  the  cur- 
rent, alternating  current  is  usually  used ;  in  the 
latter,  since  electrolysis  is  sought,  direct  current 
is  a  necessity.  See  Electric  Furnaces  and 
Electrochemical  Industries. 

Many  of  our  present  day  commercial  opera- 
tions require  temperatures  higher  than  arc  at- 
tainable from  the  combustion  of  a  fuel,  and 
for  operations  of  this  kind  electric  heating  is  a 
necessity.  In  many  other  cases  it  has  been 
found  more  economical  to  substitute  electric 
heating  for  combustion  heating.  The  particu- 
lar economy  in  electric  heating  is  due  to  the 
fart  that  the  heat  is  generated  within  the  charge 
being  heated  and  does  not  have  to  be  forced 
through  the  refractory  wall  of  the  container 
which,  on  account  of  its  low  conductivity,  im- 
poses a  heavy  loss  in  efficiency.  It  is  also  pos- 
sible to  secure  certain  electrochemical  effects 
bv  the  passage  of  a  high  tension  electric  dis- 
charge through  gases.   The  two  chief  reactions 
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of  this  kind  are  the  conversion  of  oxygen,  O* 
into  ozone,  0»,  and  the  oxidation  of  atmos- 
pheric nitrogen  to  nitric  acid.  (See  Electro- 
chemical  Industries).  Both  of  these  reactions 
were  first  noted  in  the  early  years  of  electrical 
development,  the  former  by  Van  Marum  in 
1785.  and  the  latter  by  Priestly  in  1779,  but  in 
both  cases  nothing  was  done  in  the  way  of 
study  or  development  of  the  reactions  until 
many  years  later,  mainly  within  the  last  30 
years. 
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Electrochemistry'  (New  York  1912)  ;  Jones, 
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(New  York  1917  )  ;  Le  Blanc,  M ,  'Texthook  of 
Electrochemistry'  (New  York  1916)  ;  Thomp- 
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ELECTROCHRONOGRAPH.  See  Chro- 

NOSCOPE. 

ELECTROCIDES,  the  amber  islands  of 
Greek  mythology,  at  the  month  of  the  river 
Eridanus.  The  name  was  applied  also  to  the 
islands  on  the  northern  coast  of  Europe. 

ELECTROCULTURE    OF  PLANTS, 

the  employment  of  electric  light  in  agri- 
culture and  horticulture.  It  was  determined 
at  the  Agricultural  Experiment  Stations  of 
Cornell  University  and  of  West  Virginia, 
in  experiments  made  with  the  arc  and  the 
incandescent  lights,  respectively,  that  cer- 
tain crops  arc  forwarded  by  the  light.  The 
most  remarkable  instance  is  that  of  lettuce, 
which  was  brought  to  maturity  in  from  5  to  10 
days  earlier  than  other  plants  grown  in  the 
same  house  and  under  otherwise  identical  con- 
ditions. This  discovery  has  led  to  the  com- 
mercial application  of  the  arc  light,  if  not  of 
the  incandescent  also,  to  the  forcing  of  lettuce 
under  glass  in  several  of  the  larger  New  Eng- 
land forcing  houses,  with  the  result  that  a  gain 
of  about  three  weeks'  time  is  calculated  upon 
for  the  season,  thus  enabling  the  gardener  to 
devote  his  benches  to  one  more  crop  than 
formerly  or  to  follow  his  lettuce  crops  with 
cucumbers,  the  favorite  successor,  much  earlier 
than  would  otherwise  be  possible.  Several 
flower  crops,  such  as  Easter  lilies  and  sweet- 
pease,  have  been  experimented  upon,  with  the 
result  that  they  were  forced  into  bloom  several 
days  in  advance  of  others  grown  without  the 
stimulus.  In  such  cases  the  plants  are  always 
grown  without  the  light  until  within  about  a 
month  of  maturity,  when  the  light  is  applied  for 
about  half  the  night.  It  has  been  found  that 
unless  the  light  pass  through  a  glass  globe  or 
pane  there  is  a  noticeable  "scorching"  of  the 
foliage  or  flower.  It  is  concluded  that  this  is 
due  to  the  action  of  the  ultra-violet  rays  of  the 
spectrum  rays,  which  do  not  pass  through  the 
glass.  Consult  various  bulletins  of  the  Massa- 
chusetts, Hatch,  Cornell  University  and  West 
Virginia  Experiment  stations.  Sec  Electric 
VEfiETAni.E  Cardf-nino. 

ELECTROCUTION,  capital  punishment 
by  the  agency  of  electricity.  Sec  Electricity, 
Cause  or  Death  by. 


ELECTRODE  (Greek,  hodos,  "a  way»).  a 
term  introduced  by  Faraday  to  denote  the  con- 
ductors by  which  electricity  cither  enters  or 
leaves  an  electrolytic  bath  or  solution.  He 
termed  the  electrode  by  which  the  current  en- 
ters the  bath,  the  anode  (positive  terminal),  and 
the  electrode  by  which  the  current  leaves,  the 
cathode,  sometimes  spelled  kathode  (negative 
terminal).  The  terms  anode  and  cathode  have 
been  introduced  generally  in  metallurgical  prac- 
tice, and  also  in  connection  with  Crooke's  tubes 
and  X-ray  work,  and  the  term  electrode  has 
become  common  in  the  more  extended  sense  of 
signifying  either  of  the  terminals  of  an  electric 
source,  instrument  or  electrolvtic  bath  or  cell. 

ELECTRODEPOSITION.  Sec  Electro- 
chemistry; Electroplatinc.. 

ELECTRODYNAMIC  INDUCTION. 

See  Induction. 

ELECTRODYNAMICS,  that  branch  of 
electrical  science  which  treats  of  the  attractions 
and  repulsions  exhibited  between  wires  or  other 
conductors  along  whrh  currents  are  passing. 
If  two  wires  are  parallel  they  will  attract  each 
other  when  currents  are  passing  the  same  way 
along  them  both  and  will  repel  each  other  when 
the  currents  are  opposite.  If  the  wires  are  in- 
clined to  each  other  at  any  angle  there  is  not 
only  an  attraction  or  repulsion  but  a  still  more 
marked  tendency  to  rotation  which  is  not  satis- 
fied until  the  wires  have  become  parallel  and 
the  currents  flow  in  the  same  direction  along 
them  both.  W  hen  there  are  only  two  straight 
wires  these  forces  are  feeble  and  require  deli- 
cate apparatus  for  their  exhibition,  but  by  em- 
ploying coils  of  wire  the  forces  are  multiplied 
and  an  instrument  constructed  on  this  principle 
called  the  elect rodynamomctcr  has  been  much 
employed  for  the  measurement  of  currents.  The 
basic  principles  of  electrodynamics  were  dis- 
covered by  Ampere  in  1821  by  many  ingenious 
experiments,  the  results  of  which  he  expounded 
in  a  series  of  statements  known  to  this  day  as 
Ampere's  Laws. 

ELECTRODYNAMOMETER.  See 

Dynamometers;  Electrical  Measuring  In- 
stru  m  en  ts. 

ELECTROKINETICS.  See  Electric  Di- 
rect Current;  Electric  Alternating  Current 
Machinery;  Electricity. 

ELECTROLYSIS.  With  respect  to  their 
ability  to  conduct  electricity,  all  substances  are 
divided  into  the  two  general  classes,  conductors 
and  non-conductors;  there  is,  however,  no  hard 
and  fast  boundary  line  between  the  two,  but  a 
more  or  less  gradual  merging  from  one  into 
the  other.  The  conductors  arc  again  divided 
into  two  classes,  those  which  conduct  the  cur- 
rent without  any  apparent  decomposition  and 
those  in  which  the  conduction  is  invariably  ac- 
companied by  decomposition.  In  this  latter 
class,  the  conduction  of  the  current  with  con- 
comitant decomposition  is  calted  electrolysis, 
and  the  liquid  subjected  to  decomposition  is 
termed  the  electrolyte.  These  are  the  names 
originally  proposed  by  Faraday.  True  electrol- 
ysis is  almost  entirely  confined  to  liquids.  Evi- 
dences of  electrolysis  have  been  found,  how- 
ever, in  a  few  cases  in  solids  and  similar  phe- 
nomena have  been  observed  in  connection  with 
high-tension  discharges  through  gases.  A  large 
number  of  liquids,  particularly  of  organic  na- 
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turc,  fall  in  the  class  of  non-conductors. 
Water,  and  a  number  of  other  liquids  of  inor- 
ganic origin  are  also  non-conductors  when  care- 
fully purified.  Liquids  that  conduct  without  de- 
composition are  limited  to  liquid  metals.  Liquids 
that  conduct  with  decomposition  —  that  is, 
electrolytes,  may  be  a  pure  liquid,  a  fused  salt, 
or  a  solution,  either  aqueous  or  non-aqueous. 
In  the  case  of  solutions  the  conductivity  is  not 
necessarily  dependent  on  the  conductivity  of  the 
constituents  of  the  solution,  but  may  be  a  prop- 
erty of  the  solution  itself.  A  solution  of  one 
non-conductor  in  another  may  give  a  solution 
of  good  conductivity. 

Also,  in  the  case  of  a  solution,  the  decom- 
position caused  by  the  electrolysis  may  affect 
the  solvent  or  the  solute  or  both,  and  may  vary 
with  the  conditions  of  electrolysis.  If  the  con- 
stituents of  the  solute  are  obtained  directly  at 
the  anode  and  cathode,  the  reaction  is  said  to 
be  a  primary  one;  but  if  for  any  reason,  these 
constituents  react  on  either  the  electrodes  or 
the  solution,  the  reaction  is  said  to  be  secondary. 
(See  Electrochemistry).  Primary  reactions 
are  dependent  only  on  the  amount  of  current 
acting,  and  are  not  subject  to  modification  by 
physical  conditions  (see  Faraday's  Laws),  but 
secondary  reactions  may  be  modified  by  tem- 
perature, concentration,  current  density  and 
other  physical  conditions  and  in  this  type  of 
reaction  with  its  various  modifications  lie  many 
of  the  possibilities  in  the  field  of  industrial 
electrochemistry-  (See  Elettrochkmical  In- 
dustries). The  problem  of  the  mechanism  of 
electrolysis  is  one  that  has  attracted  more  at- 
tention than  any  other  in  the  field  of  electro- 
chemistry. A  brief  discussion  of  the  early  his- 
tory and  the  present  status  of  this  problem  will 
be  found  in  the  article  on  Electrochemistry. 
This  question  is  also  closely  related  to,  and  to 
a  certain  extent  dependent  on,  the  problem  of 
the  nature  of  solutions,  and  a  further  discus- 
sion of  the  principles  involved  will  be  found 
in  the  article  on  Solutions. 

G.  A.  Roush, 
Assistant  Secretary,  American  Electrochemical 

Society. 

ELECTROLYSIS  OF  GAS  AND 
WATER  MAINS.  In  the  system  of  street 
railway  traction  in  which  an  overhead  trolley 
wire  is  employed,  with  direct  current,  in  which 
the  tracks  are  utilized  as  a  return  circuit  for 
the  current  to  the  power-house,  it  has  been 
found  that  damage  has  almost-  invariably  en- 
sued to  the  gas  and  water  mains  adjacent  to 
the  tracks,  from  electrolysis.  This  is  due  pri- 
marily to  the  electric  current  leaving  the  tracks 
and  following  the  gas  or  water  mains  for  some 
distance.  At  the  points  where  the  current 
leaves  these  pipes  to  return  to  the  tracks  or  to 
the  power-holism,  if  the  soil  is  damp  and  con- 
tains soluble  chlorides  of  magnesium,  sodium 
or  potassium,  the  current  sets  free  acids  or 
chlorine  which  attack  the  iron  of  the  pipes; 
the  rapidity  and  extent  of  the  damage  done 
thereby  being  dependent  upon  the  strength  of 
the  current,  the  duration  of  its  application  and 
the  constituents  of  the  soil.  The  electrolytic 
action  results  in  "pitting"  the  pipes,  and  burst- 
ing of  water  pipes  and  leakage  of  gas  pipes  is 
rot  uncommon  from  this  cause.  (See  illustra- 
tion). Experiments  have  shown  that  with  as  low 
a  potential  as  0.5  volt  and  a  current  of  0.03 


ampere,  noticeable  electrolysis  of  an  iron  pipe 
lias  occurred  in  sand  moistened  w  ith  sea  w  ater. 
Pipes  on  which  the  difference  of  potential  was 
found  to  Ik-  about  six  volts  have  burst  in  a  few 
years.  To  prevent  electrolysis  due  to  this  cause 
greater  precautions  are  now  taken,  and  with 
considerable  success,  to  preserve  the  continuity 
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of  the  rails  by  bonding,  welding  them  in  situ  by 
electricity  by  providing  separate  metallic  re- 
turn circuits  and  by  connecting  the  water  and 
gas  mains  by  means  of  heavy  copper  wire  at 
places  where  the  current  would  otherwise  re- 
turn to  the  tracks  via  the  earth. 

ELECTROLYTE.  Any  liquid  which  con- 
ducts the  electric  current  with  concomitant  de- 
composition is  called  an  electrolyte.  It  may  be 
either  a  pure  liquid,  a  fused  salt  or  a  solution, 
aqueous  or  non-aqueous.  In  the  case  of  a  so- 
lution, the  decomposition  may  involve  the  so- 
lute, the  solvent,  or  both.  The  name  is  often 
incorrectly  applied  to  designate  a  salt  which 
when  dissolved  in  water  will  form  a  conducting 
solution. 

ELECTROMAGNETIC  INDUCTION. 

See  Induction. 

ELECTROMAGNETISM.    The  art  or 

process  of  magnetizing  by  means  of  an  electric 
current,  as  distinguished  from  so-called  natural 
magnetism  as  in  the  lodcstone,  or  transient 
magnetism,  as  established  in  a  wrought-iron 
bar.  A  magnet  not  only  attracts  steel  and  iron 
in  a  less  degree,  but  cobalt,  nickel,  manganese, 
cerium  and  chromium.  Hans  Christian  Oer- 
sted (q.v.)  is  credited  with  being  the  first  to 
recognize  the  identity  of  magnetic  and  electric 
phenomena.  In  1820  he  observed  that  wires 
connecting  the  poles  of  a  voltaic  pile  affected 
the  magnetic  needle.  In  1821  he  wrote  a  long 
paper  on  electro-magnetism.  Arago,  Ampere, 
Davy  and  Faraday  all  studied  and  contributed 
to  knowledge  of  the  phenomena.  In  1825  Wil- 
liam Sturgeon  of  Woolwich,  England,  began 
to  experiment.  His  two  first  electro-magnets 
were  made  in  the  shape  of  a  horseshoe  and  a 
straight  bar.  The  former  was  made  of  a  bent 
rod  of  iron  one  foot  in  length  and  half  an  inch 
thick,  around  which  a  bare  copper  wire  was 
wound  18  times,  the  iron  having  been  previously 
covered  with  varnish  to  insulate  the  wire  from 
the  iron.  The  current  was  supplied  by  one 
large  primary  cell.  This  magnet  was  able  to 
sustain  a  weight  of  nine  pounds,  though  weigh- 
ing itself  only  seven  ounces.  Subsequently 
Sturgeon  constructed  a  horseshore  electro- 
magnet 18  inches  in  length,  2H  inches  thick 
and  wound  with  980  feet  of  copper  wire  one- 
twelfth  of  an  inch  in  diameter,  which  upheld 
1386  pounds.  In  1831  Joseph  Henry  made 
electromagnets  for  both  Yale  and  Princeton 
universities  that  lifted  3,000  pounds.  Large 
electromagnets  are  now  used  in  foundries 
and  machine  shops  of  a  capacity  of  12  or  more 
tons. 

The  phenomena  of  electro-magnetism  may 
be  briefly  described  as  follows:  It  is  known  that 
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when  iron  filings  are  strewn  over  a  cardboard 
or  glass,  if  a  bar  or  horseshoe  magnet  be  placed 
under  the  cardboard  the  filings  will  tend  to  ar- 
range themselves  symmetrically  when  the  card- 
board is  tapped.  This  is  due  to  magnetic  lines 
of  force  which  are  assumed  to  flow  from  the 
north  to  the  south  pole  of  the  magnet,  and 
the  iron  filings,  becoming  temporarily  magnet- 
ized by  these  magnetic  lines  of  force,  tend  to 
set  themselves  parallel  thereto.  Similarly, 
when  an  electric  current  flows  in  a  wire  (elec- 
tro) magnetic  lines  of  force  surround  the  wire 
in  circles  or  hoops  which  increase  in  density 
with  the  strength  of  the  current.  It  is  known 
that  iron  is  a  much  better  conductor  of  mag- 
netic lines  of  force  (or  magnetism)  than  air, 
in  the  ratio  of  1  to  100  or  150,  depending  on 
the  quahty  or  *permeahility*  of  the  iron. 
Hence  when  the  wire  is  made  in  the  form  of  a 
coil  into  which  is  inserted  a  soft  iron  bar,  the 
magnetic  lines  of  force,  so  to  speak,  use  the 
iron  as  a  circuit  and  the  latter  becomes  a  mag- 
net having  north  and  south  poles.  A  simple 
form  of  electromagnet  consists  of  a  U-shaped 
bar  of  soft  iron,  around  which  a  copper  wire 
is  coiled  in  spirals,  beginning  at  one  extremity 
and  extending  to  the  other.  If  the  iron  core 
is  placed  in  this  position  fl,  and  winding  be- 
gins at  the  lower  left  side,  turning  the  wire 
around  clockwise,  the  south  pole  of  the  mag- 
netic will  be  at  the  starting  point  on  the  left. 

The  space  between  the  poles  of  a  magnet  or 
wherever  its  magnetic  lines  of  force  extend,  or 
in  the  space  around  a  wire  conveying  a  current 
of  electricity,  is  termed  a  magnetic  "field.*  The 
substances  through  which  the  Hnes  of  force 
pass,  including  the  iron  of  the  magnet,  consti- 
tute the  magnetic  circuit.  The  expression  num- 
ber of  lines  of  force  per  square  centimeter  in 
the  material,  is  at  present  used  as  a  measure  of 
magnetic  density.  The  total  number  of  lines 
of  force  in  a  magnetic  circuit  is  termed  the 
magnetic  flux,  and  is  obtained  by  multiplying 
the  total  cross-sectional  area  of  the  field  in 
square  centimeters  by  the  density  of  a  square 
centimeters  of  the  circuit.  The  magneto  motive 
force  (that  is,  the  force  that,  as  it  were,  drives 
the  lines  of  force  through  the  circuit)  is  equal 
to  the  product  of  the  strength  of  current  in 
amperes  in  the  coil  by  the  number  of  convolu- 
tions of  the  coil.  This  is  also  termed  the  am- 
pere turns.  The  magnetic  tlux  may  be  increased 
by  increasing  the  magneto  motive  force  or  by 
decreasing  the  resistance  (termed  the  reluc- 
tance) of  the  magnetic  circuit.  Hence  the  re- 
lation of  the  foregoing  terms  to  one  another  is 
analogous  to  that  between  electromotive  force, 
resistance  and  current,  in  an  electrical  circuit, 
and  may  be  expressed  by  the  equation: 

■      .    _         Magnetomotive  force 
Magnetic  flux  =  -  Rductancc 

It  is  to  be  noted,  however,  that  the  reluctance 
of  .a  magnetic  circuit  containing  iron  is  not  a 
constant,  but  increases  in  other  words,  its  per- 
meability to  magnetization  decreases,  after  a 
certain  degree  of  magnetization,  which  is 
termed  saturation,  has  been  reached. 

Electro-magnets  are  extensively  used  in 
electric  bells,  in  telegraph  and  telephone  appa- 
ratus, in  dynamo  machines,  electric  motors 
(q.v).  and  for  many  other  purposes.  Sec  Elec- 
tric Machinery. 


ELECTROMETALLURGY.  That  branch 
of  electrical  science  that  deals  with  the  reduc- 
tion or  refining  of  metals  by  electrical  proc- 
esses, including  electrolysis  (a.v.)  or  decompo- 
sition of  chemical  compounds  by  electricity; 
electro-deposition,  or  the  depositing  of  metals 
in  solution  by  an  electric  current  (see  Electro- 
chemistry) ;  and  the  fusing  of  metals  in  the 
electric  furnace  (q.v.).  The  electric  current  is 
capable  uf  performing  the  entire  work  of  re- 
ducing a  metal  from  its  ore,  but  in  practice 
this  is  usually  too  expensive,  and  it  is  used 
only  where  there  is  a  commercial  gain.  The 
first  important  application  of  electricity  in  the 
separation  of  a  metal  was  to  aluminum,  which 
industry  is  based  wholly  on  electrical  proc- 
esses. (Sec  Aluminum).  In  copper  refining, 
electricity  has  become  more  and  more  import- 
ant, owing  to  the  purity  of  the  product  which 
is  valued  commercially.  There  is  increasing 
use  of  electrometallurgy  in  the  production  of 
gold,  silver,  zinc  and  the  ferro-alloys.  It  may  be 
used  also  for  separating  and  refining  platinum, 
lead,  nickel,  tin,  bismuth,  cadmium,  etc.,  in  fact 
all  the  metals.  A  perusal  of  the  article  on 
Electric  Furnace  will  afford  the  student  a 
clear  idea  of  the  methods  of  electrometallurgy. 
Various  electrolytic  processes  are  also  outlined 
under  Copper;  Gold;  Zinc,  etc.  See  also  Elec- 
trolysis; Metallurgy. 

ELECTROMETER,  an  instrument  for 
determining  difference  of  electrostatic  poten- 
tial (or  electric  charge)  between  two  charged 
conductors.  The  electroscope  (q.v.)  and  Cou- 
lomb's torsion  balance  are  primitive  forms. 
The  attractcd-disc  electrometer  was  designed  by 
Volta  and  developed  by  Snow-Harris.  It  con- 
sists of  a  battery  or  Levden  jar  to  the  wires  of 
which  is  attached  a  horizontal  disc.  A  bal- 
ance is  placed  close  by.  having  on  one  end  of 
the  beam  a  disc  which  is  positioned  a  short  dis- 
tance above  the  disc  connected  with  the  jar, 
and  on  the  other  end  of  the  beam  a  pan  for 
containing  small  weights.  In  this  manner  the 
degree  of  force  that  will  pull  the  two  discs  to- 
gether is  weighed  in  ounces  or  pounds.  To 
secure  a  correct  result  it  was  found  necessary 
to  place  a  guard  ring  around  the  upper  disc, 
and  this  later  form  was  named  the  absolute 
electrometer.  Through  this  mechanism  it  was 
demonstrated  that  the  attraction  between  the 
discs  at  different  distances  varied  as  the  square 
of  the  difference  of  potential.  Lord  Kelvin 
constructed  an  electrometer  located  in  the  in- 
terior of  a  Lcyden  jar,  and  employing  the  tor- 
sion of  a  wire  to  measure  the  difference  of  po- 
tential. This  invention  was  outclassed  later 
by  his  quadrant  electrometer.  This  was  de- 
signed to  measure  the  electrostatic  charge  by 
the  attraction  of  quadrants  of  metal  of  known 
attractive  force  on  a  very  light  aluminum  needle. 
He  hung  a  paddle-shaped  aluminum  foil  needle, 
enclosed  in  a  box,  between  the  four  insulated 
metal  quadrants.  Opposite  quadrants  were  con- 
nected by  platinum  wires.  The  difference  of  po- 
tential when  connected  with  one  pair  of  quad- 
rants or  the  other  pair  was  made  use  of  to  de- 
flect the  needle,  and  a  mirror  and  light  being 
provided,  the  needle  threw  a  spot  of  light  on  a 
scale.  It  was  found  necessary  to  provide  the  in- 
strument with  a  "rcplenisher"  to  preserve  the 
charge  of  the  Leyden  jar.  The  quadrant  elec- 
trometer was  so  much  more  delicate  in  its  meas- 
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urcmcnts  that  it  superseded  the  cruder  instru- 
ments, and  being  later  improved  by  Dolczalck 
and  others  hecame  a  standard  instrument.  See 
Electric  Measuring  Instruments. 

ELECTROMOTIVE  FORCE.  Electric 
pressure  or  voltage,  equivalent  to  difference  of 
potential;  the  force  that  causes  electricity  to 
flow  along  a  conductor :  commonly  abbreviated 
E.M.F.  The  force  which  gives  rise  to  an  elec- 
tric current  is  called  electromotive  force  and 
is  comparable  with  the  force  exerted  by  water 
under  pressure  or  "head,"  lcsulting  from  water 
seeking  its  level.  In  a  somewhat  similar  way, 
electricity  seeks  a  balance.  When  a  conductor 
is  earthed,  that  'is  connected  with  the  earth,  the 
electric  potential  becomes  the  same  as  the 
earth's,  balance  is  restored  and  there  is  no 
flow  of  current  and  no  electrical  manifestation, 
the  electromotive  force  being  at  zero. 

ELECTROMOTOGRAPH,  a  name  given 
to  a  peculiar  telephone  receiver  invented  by 
Edison  and  constructed  virtually  as  follows: 
A  short  metal  strip,  fastened  at  one  end  to  the 
centre  of  a  mica  diaphragm,  rests  on  a  rotating 
cylinder,  the  surface  of  which  is  composed  of 
moist  gypsum  impregnated  with  mercuric  ace- 
tate and  potash.  The  strip  and  cylinder  are 
placed  in  series  in  a  telephone  circuit.  When 
variations  in  current  pass  through  the  gypsum 
surface  it  is  found  that  the  friction  between 
the  strip  and  the  cylinder  varies  directly  with 
the  current.  When  the  current  is  weak  the 
strip  is  drawn  along  in  the  direction  of  the  cyl- 
inder's rotation  against  the  natural  tension  of 
the  mica  diaphragm.  When  the  current  in- 
creases, the  strip  slips  back  in  response  to  the 
pull  of  the  diaphragm  and  in  this  way  the  dia- 
phragm is  set  into  vibrations  corresponding  to 
those  set  up  by  the  telephone  transmitter.  An 
explanation  of  this  phenomena  is  that  the  cur- 
rent elcctrolytically  sets  free  a  thin  layer  of 
gas  between  the  cylinder  and  strip,  reducing 
the  natural  friction. 

ELECTRON  THEORY  or  CORPUS- 
CULAR THEORY.  The  physical  theory  that 
the  atoms  of  bodies  are  composite  systems, 
consisting  in  part  (at  least)  of  corpuscles  of  a 
still  higher  order  of  minuteness.  The  theory 
has  heretofore  concerned  itself  mainly  with 
the  study  of  one  special  form  of  corpuscle, 
which  is  exceedingly  prominent  in  sub-atomic 
phenomena,  and  which  appears  to  constitute  a 
sort  of  basic  and  omnipresent  structural  element 
in  the  architecture  of  material  atoms  of  all 
kinds,  inasmuch  as  it  has  identically  the  same 
properties  in  every  respect,  whatever  the  kind  of 
matter  from  which  it  is  obtained.  These  funda- 
mental corpuscles  usually  occur  in  combination 
with  structural  elements  of  olher  kinds  to  form 
the  atoms,  but  they  are  also  capable  of  existing 
in  the  free  state,  and  they  can  be  isolated  by 
suitable  experimental  means.  Each  corpuscle 
carries  a  certain  definite  and  constant  charge  of 
negative  electricity,  which  is  the  same  for  all 
of  them ;  and  many  authorities  believe  that  the 
corpuscles  are,  in  fact,  mere  isolated,  disem- 
bodied electric  charpes.  Whether  this  be  so  or 
not,  experimental  evidence  indicates  that  the 
charge  associated  with  a  corpuscle  has  one 
definite  value,  and  that  it  is  incapable  of  varia- 
tion. An  atom  is  supposed  to  consist  of  a  cer- 
tain number  of  these  negative  corpuscles,  asso- 
ciated in  some  definite  way  with  a  positively- 


electrified  nucleus, —  there  being,  normally,  just 
enough  of  the  negative  corpuscles  present  to 
neutralize  the  effects  of  the  positive  electrifica- 
tion of  the  nucleus.  According  to  this  view, 
bodies  acquire  positive  charges  t>y  losing  some 
of  their  negative  corpuscles,  and  acquire  nega- 
tive charges  by  picking  up  additional  negative 
corpuscles.  If  this  hypothesis  be  correct,  it  is 
evident  that  communicating  an  electric  charge 
to  a  body  is  not  a  continuous  process.  It  is,  on 
the  other  hand,  essentially  discontinuous,  and 
consists  in  adding  to  the  body  (or  subtracting 
from  it)  a  number  of  definite  (though  exceed- 
ingly small)  units  of  electricity, —  being  roughly 
analogous  to  filling  (or  emptying)  a  barrel  by 
means  of  a  bucket,  instead  of  by  the  use  of  a 
hose.  Moreover,  the  belief  that  the  charging 
process  is  essentially  discontinuous  is  no  longer 
based  upon  theory  alone,  for  Millikan  has  ob- 
tained direct  experimental  evidence  of 
discontinuity,  in  connection  with  charges 
municated  to  oil  drops  by  friction. 

It  happens  that  the  investigation  of  the  posi- 
tive nucleus  of  the  atom  is  more  difficult  than 
the  investigation  of  the  negative  corpuscles 
that  are  normally  associated  with  this  nucleus,— 
or  perhaps  it  would  be  more  accurate  to  say 
that  the  experimental  methods  thus  far  devised 
are  mainly  applicable  to  the  study  of  the 
negative  corpuscle.  Under  certain  circum- 
stances atoms  can  lose  positive  charges  as  well 
as  losing  or  gaining  negative  ones ;  hut  the  loss 
of  a  positive  charge  appears  to  involve  a  funda- 
mental change  of  some  kind  in  the  nature  of 
the  atom.  (See  Molecular  Theory.)  That 
there  is  probably  an  exceedingly  important  dif- 
ference between  positive  and  negative  electric- 
ity is  plainly  indicated  by  the  fact  that  no  posi- 
tive charge  has  yet  been  demonstrably  observed 
in  connection  with  a  mass  smaller  than  that  of 
the  hydrogen  atom,  while  negative  charges  (as 
will  presently  appear)  are  known  to  occur  in 
connection  with  masses  far  more  minute  than 
this. 

The  definite  charge  carried  by  the  negative 
corpuscle  appears  to  be  identical  in  magnitude 
with  the  charge  carried  by  the  hydrogen  ion 
(or  any  other  monovalent  ion),  in  electrolysis. 
For  this  charge  Dr.  G.  Johnstone  Stoney,  as 
long  ago  as  1891,  proposed  the  name  "electron* 
(Lord  Kelvin  preferred  "electrion,"  but  his  sug- 
gestion has  not  been  followed) ;  and  this  name 
has  been  applied  quite  generally,  in  recent  years, 
to  the  negative  corpuscles  themselves,  instead 
of  being  restricted  to  the  electric  charges  that 
they  bear.  Present  practice  among  authoritative 
writers,  however,  is  toward  the  restoration  of 
the  word  "electron"  to  its  original  sense  as  the 
name  of  a  definite  quantity  (or  unit)  of  electric- 
ity, and  toward  the  adoption  of  J.  ].  Thom- 
son's original  name,  "corpuscle"  or  "negative 
corpuscle,"  for  the  actual  particle  that  bears 
(or  consists  of)  a  charge  of  one  electron  of 
negative  electricity.  In  the  present  article  we 
shall  follow  the  tendenev  here  noted,  and  shall 
call  the  particle  itself  a  "corpuscle*  or  "negative 
corpuscle,"  and  the  charge  that  it  bears  an 
"electron"  or  "negative  electron." 

The  corpuscular  theory  of  matter  has  been 
developed  in  many  directions,  and  its  bearing 
upon  the  varied  phenomena  of  physics  has  been 
extensively  investigated  by  both  mathematical 
and  experimental  methods.  To  indicate  all  its 
bearings  and  relations  would  require  a  volume, 
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and  the  present  article  will  therefore  be  de- 
voted to  an  explanation  of  the  origin  of  the 
corpuscular  theory,  and  to  an  account  of  the 
numerical  results  that  have  been  obtained  in 
studying  the  mass,  charge,  speed  and  size  of 
the  negative  corpuscle.  Further  data  concern- 
ing the  application  of  the  corpuscular  theory 
to  specific  physical  phenomena  may  be  had 
from  the  references  given  below. 

The  corpuscular  theory  of  matter,  in  its 
modern  sense,  originated  in  connection  with 
the  study  of  the  discharge  of  electricity  through 
rarefied  gases.  Previous  to  the  experimental 
investigation  of  this  subject  it  was  customary  to 
regard  positive  and  negative  electricity  as  being 
of  the  same  general  nature,  but  differing  from 
each  other  somewhat  as  a  right-handed  helix  or 
spiral  differs  from  a  left-handed  one,  or  (more 
accurately)  as  a  positive  number  differs  from  a 
negative  one.  The  study  of  vacuum-tube  phe- 
nomena indicated,  however,  that  there  is  a  far 
more  profound  difference  than  this  between  the 
two  kinds  of  electricity.  It  was  shown  by  the 
researches  of  Plucker,  Hittorf,  Crookes  and 
others  that  when  electricity  is  passed  through 
a  tube  containing  air  or  any  other  gas  in  an  ex- 
tremely rarefied  condition,  the  discharge  from 
the  negative  electrode  (or  "cathode11)  is  wholly 
different  from  the  discharge  that  takes  place  at 
the  positive  electrode  (or  "anode").  The  nega- 
tive discharge  (when  the  vacuum  in  the  tube  is 
high  enough)  takes  place  along  straight  lines 
that  are  everywhere  at  right  angles  to  the  sur- 
face of  the  cathode  from  which  they  proceed, 
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The  negative  discharge  that  proceeds  from 
the  cathode  (or  negative  electrode)  at  right 
angles  to  its  surface,  in  a  "vacuum  tube,*  is 
called  the  "cathode  ray."  and  snecial  attention 
was  naturally  paid  to  this  ray,  in  an  effort  to 
discover  its  nature.  The  most  strikingly  obvi- 
ous fact  about  it  is,  that  it  excites  a  vivid  fluor- 
escence in  the  glass  wall  of  the  tube,  where  it 
strikes  it.  Hittorf,  in  1"69,  showed  that  a  solid 
object,  placed  in  the  course  of  the  ray,  inter- 
cepts it  and  casts  a  shadow,  its  outline  being 
plainly  visible  because  there  is  no  fluorescence 
on  the  part  of  the  tube  that  is  shielded  bv  the 
obstacle.  Crookes,  following  Hittorf,  took  up 
the  study  of  vacuum  phenomena  in  a  fascinat- 
ing and  masterly  way  and  obtained  many  re- 
sults that  were  not  only  beautiful  and  striking, 
but  also  exceedingly  suggestive  and  stimulating 
to  further  inquiry.  By  placing  a  very  light  pad- 
dle-wheel in  the  tube,  so  that  its  paddles  were 
within  the  cathode  stream  (or  ray)  on  one  side, 
and  out  of  it  on  the  other  side,  he  obtained 
mechanical  rotatory  effects.  By  giving  the 
negative  electrode  a  concave  form,  and  thereby 
bringing  the  cathode  rav  to  a  focus  at  a  point 
within  the  tube  he  showed  that  marked  heat- 
ing effects  could  be  produced  by  it.  These  phe- 
nomena, together  with  many  others  that  were 
observed,  suggested  that  the  cathode  ray  con- 
sists of  a  stream  of  material  particles,  nega- 
tively electrified  by  contact  with  the  cathode 
and  then  repelled  from  the  cathode  on  account 
of  the  charge  thev  have  ?cnutrrd.  This  h-^  in 
fact  been  strongly  urged  by  Varlev  (in  1871), 
and  very  likely  by  others  also,  as  it  was  a 
fairly  obvious  inference,  though  it  was  not  the 
only  explanation  possible.     (In  Germany  the 


cathode  ray  was  quite  generally  believed  to  be 
due  to  some  form  of  wave-like  disturbance  in 
the  ether,  and  this  view  was  held  by  Goldstein, 
who  first  introduced,  in  1876,  the  name  "Ka- 
thodenstrahlcn,"  or  "cathode  rays").  One  dif- 
ficulty was,  to  identify  the  nature  of  the 
charged  particles  that  were  thus  repelled. 
There  were  reasons  for  believing  that  they  are 
not  ordinary-  molecules  or  atoms.  It  was  known, 
for  example,  that  when  an  electrically-charged 
liquid  is  evaporated,  the  vapor  does  not  carry 
away  the  electrical  charge  with  it,  and  this  ap- 
peared to  indicate  that  the  individual  atoms  or 
molecules  of  a  gas  cannot  be  separately  electri- 
fied. Moreover,  if  the  cathode  ray  consists 
merely  of  electrified  molecules,  it  was  hard  to 
understand  why  the  effects  that  were  observed 
in  connection  with  the  cathode  were  not  also 
manifested  in  connection  with  the  anode,  or 
positive  electrode.  Crookcs,  as  a  result  of  his 
researches,  concluded  that  the  projectile  the- 
ory (or  chargcd-particlc  theory)  of  the  cathode 
ray  is  correct,  but  as  he  fully  realized  the  dif- 
ficulties in  the  way  of  that  theory,  he  announced 
his  belief  that  in  vacuum-tube  phenomena  we 
are  dealing  with  matter  in  a  previously  unknown 
state,  which  he  called  the  "radiant  state."  It  is 
fair  to  say  that  his  views  appeared  to  physicists 
in  general  as  rather  too  mystical,  though  the 
eminence  and  ability  of  their  author  ensured 
them  a  respectful  reception. 

Following  the  experiments  of  Crookes  there 
was  a  lull  in  the  activity  with  which  the  phe- 
nomena of  vacuum  tubes  were  studied,  but  in- 
tense interest  in  the  subject  was  again  aroused 
bv  two  exceedingly  striking  discoveries.  Len- 
ard,  in  1894,  showed  that  the  cathode  ray  can 
be  made  to  emerge  from  the  tube  and  pass  into 
the  outside  air  of  the  laboratory,  if  a  "win- 
dow* of  very  thin  aluminum  (instead  of 
glass)  is  provided  at  the  point  at  which  the 
cathode  ray  strikes  the  tube.  Two  years  later 
(namely  in  1896)  Rontgen  discovered  that  a 
previously  unknown  form  of  radiation  is  emit- 
ted from  the  point  at  which  the  cathode  ray 
strikes  against  the  tube,  or  against  any  other 
solid  obstacle.  The  prospective  usefulness  of 
the  Rontgen  rays  (or  "X-rays")  to  the  surgeon 
gave  them  an  intense  practical  interest,  in  ad- 
dition to  the  interest  that  they  had  for  purely 
physical  reasons;  and  from  this  time  onward 
the  study  of  the  electric  discharge  was  prose- 
cuted with  renewed  vigor  and  earnestness,  and 
by  a  large  number  of  physicists  —  further 
stimulation  being  presently  added  by  the  dis- 
covery of  radioactivity  (1896)  and  of  polonium 
and  radium  (1898).  Exceedingly  prominent 
among  the  physicists  who  took  no  the  study 
of  the  cathode  discharge  at  about  this  time  was 
Sir  J.  1.  Thomson.  Beginning  his  researches 
by  investigating  the  general  phenomena  attend- 
ing the  passage  of  electricity  through  gases, 
and  guided  by  a  wonderful  scientific  imagina- 
tion, supplemented  by  a  profound  knowledge  of 
mathematics  and  marked  experimental  skill,  he 
established  the  soundness  of  Crookes'  views, 
generalized  them  amazingly,  developed  a  new 
"corpuscular  theory"  of  matter  and  placed  that 
theory  on  a  firm  foundation. 

It  is  not  possible,  in  the  present  article,  to 
give  more  than  a  superficial  idea  of  the  way  in 
which  the  reality  and  general  properties  of  the 
negative  corpuscle  have  been  established.  The 
strength  of  the  corpuscular  theory  lies  in  the 
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fact  that  it  has  been  tested  from  many  angles, 
and  that  the  results  obtained  by  approaching  it 
from  the  most  diverse  viewpoints  have,  in  the 
main,  harmonized  with  one  another  astonish- 
ingly. Doubts  that  may  be  felt  with  regard  to 
the  legitimacy  of  the  assumptions  made  in  any 
one  line  of  investigation  tend  to  lose  their  force 
when  confronted  by  cumulative  evidence  from 
widely  different  sources.  It  is  true  that  incon- 
sistencies and  other  difficulties  have  developed 
here  and  there  in  connection  with  the  corpus- 
cular theory,  but  that  could  only  be  expected, 
because  the  entire  subject  is  still  new,  and 
progress  in  the  application  of  the  theory  has 
doubtless  been  retarded  and  distorted  to  a  con- 
siderable extent  by  the  persistence  of  certain  of 
our  older  conceptions  and  postulates  that  are 
no  longer  defensible,  but  to  which  we  still  cling 
because  we  have  not  yet  learned  wherein  our 
error  lies.  In  the  main,  the  data  that  have  been 
obtained  are  singularly  consistent.  Moreover, 
the  corpuscular  theory  has  proved  to  be  ex- 
traordinarily rich  in  its  suggestiveness.  and  has 
led  to  many  lines  of  investigation  that  have 
been  fruitful  and  productive  of  good  results. 
This  alone  would  justify  us  in  following  it  still 
further,  to  sec  where  it  will  ultimately  lead. 

Prominent  among  the  quantities  that  we 
should  like  to  determine  in  connection  with  the 
negative  corpuscles  of  which  we  may  for  the 
time  being  assume  the  cathode  ray  to  consist, 
are  the  following  (1)  The  ma«s  (ik)  of  a 
corpuscle,  (2)  the  electric  charge  (<0  that  it 
bears,  and  (3)  the  speed  (m)  with  which  the 
corpuscle  is  moving  under  given  conditions. 
Let  us  see  how  these  magnitudes  were  first 
obtained : 

It  has  long  been  known,  from  the  general 
theory  of  electricity,  that  a  charged  particle, 
when  moving  in  a  magnetic  field  and  at  right 
angles  to  the  lines  of  magnetic  force,  is  de- 
flected so  that  it  tends  to  describe  a  circular  arc 
(instead  of  a  straight  line),  in  a  plane  perncn- 
dicular  to  the  direction  of  the  magnetic  lines. 
It  is,  in  fact,  a  simple  matter  to  show  that  when 
the  charged  particle  is  moving  freely  in  space, 
its  charge  per  unit  of  mass  (denoted  in  symbols 

by  the  ratio  -)  bears  to  its  velocity  the  same 
tn 

ratio  that  the  reciprocal  of  the  radius  of  the 
circle  in  which  it  moves  bears  to  the  intensity 
of  the  magnetic  field  that  causes  the  path  to  be 
circular.  Now  it  is  easy  enough  to  subject  the 
cathode  ray  to  the  action  of  a  magnetic  field, 
and  the  deflection  of  the  cathode  ray  thus  pro- 
duced is  quite  marked  even  when  the  field  is 
not  very  strong.  The  radius  of  the  circular  arc 
that  is  described  by  the  ray  in  a  field  of  known 
strength  is  also  measurable  without  any  special 
difficulty,  and  hence  we  can  determine,  with  a 

fair  degree  of  precision,  the  ratio  of  —  to  «. 

M 

This,  however,  is  only  one  step  in  the  solution 
of  the  problem,  for  we  do  not  yet  know  either 

—  or  «,  separately.  Some  experimenters, 
tn 

assuming  that  the  ratio  -   of  the  charge  on 

the  particle  to  the  mass  of  the  particle  is  the 
same  in  the  cathode  ray  as  it  is  in  the  case  of 


the  ions  that  are  involved  in  electrolysis,  sub- 
stituted this  value  and  then  proceeded  to  deter- 
mine, by  means  of  the  experiment  just  cited, 
the  value  of  that  is,  the  speed  of  the  par- 
ticles in  the  cathode  ray.  By  this  means  a 
value  of  w  was  obtained  that  was  not  greatly 
different  from  the  speeds  "appropriate  to  atoms 
of  matter.*    This  result  was  illusory,  however, 

because  the  fundamental  assumption    that  — 

is  the  same  in  the  cathode  beam  as  it  is  in  elec- 
trolysis was  wholly  gratuitous,  and  was  also, 
as  the  event  proved,  entirely  wrong. 

Wiechert  succeeded  in  measuring  the  speed 
of  the  cathode-ray  particles  directly,  by  means 
of  an  exceedingly  ingenious  apparatus,  which, 
although  it  is  apparently  incapable  of  giving 
results  of  any  high  order  of  precision,  is  at 
least  competent  to  show  the  order  of  magni- 
tude of  the  speed,  and  hence  to  check  the  va- 
lidity of  assuming  that  it  is  similar  to  the 


ordinary  molecular  speed,  or  that  the  ratio  - 

w 

in  the  cathode-ray  particles  is  the  same  as  it  is 
in  the  ions  that  are  concerned  in  electrolysis. 
His  method  depends  upon  the  deflection  of  the 
cathode  ray  by  a  magnetic  field,  but  he  used  two 
magnetizing  colls,  energized  by  a  rapidly  alter- 
nating current  having  a  period  commensurate 
with  the  time  required  by  the  cathode-ray  par- 
ticles to  traverse  a  considerable  length  of  the 
tube.  The  cathode  was  placed  at  one  end  of 
the  tube  and  at  the  other  end  was  a  fluorescent 
screen,  which,  by  its  luminosity,  showed  where 
the  ray  came  in  contact  with  it.  Between  the 
cathode  and  the  fluorescent  screen  two  dia- 
phragms were  placed,  so  that  the  ray  was 
wholly  intercepted  except  for  a  small  part  that 
could  pass  through  a  central  perforation  in  each 
diaphragm.  The  first  magnetizing  coil  was 
placed  between  the  cathode  and  the  first  dia- 
phragm, and  as  the  alternating  magnetic  field 
that  it  produced  varied,  the  cathode  ray  vi- 
brated to  and  fro  across  the  surface  of  the 
first  diaphragm.  The  apparatus  was  so  adjusted 
that  the  ray  passed  through  the  opening  in  this 
diaphragm  only  when  the  magnetic  field  pro- 
duced by  the  coil  was  at  its  maximum  in  one 
particular  phase  — the  oscillating  heam  being 
then  at  the  extreme  end  of  (say)  its  upward 
swing.  At  this  moment  the  ray  would  pass 
through  the  opening  in  the  first  diaphragm, 
proceed  down  the  tube  to  the  second  diaphragm, 
pass  through  the  central  opening  in  this,  and 
then  register  itself  by  producing  a  round, 
luminous  spot  in  a  fixed  position  on  the  fluores- 
cent screen  beyond  —  the  alterations  in  the 
magnetic  field  being  so  rapid  that  the  spot  ap- 
peared steady,  although  the  illumination  was 
really  intermittent,  because  the  cathode  ray. 
since  it  could  pass  the  first  diaphragm  only 
when  at  the  extreme  upward  part  of  its  peri- 
odic sway,  traveled  down  the  tube  in  a  series 
of  spurts  or  pulsations.  The  second  magnetiz- 
ing coil  was  placed  at  or  just  beyond  the  sec- 
ond diaphragm,  and  in  the  absence  of  a  certain 
special  adjustment  or  relation  (to  which  we 
shall  presently  refer)  the  alternating  magnetic 
field  produced  by  this  second  coil,  acting  upon 
the  cathode  ray  as  it  passed  the  second  dia- 
phragm, would  again  deflect  it,  and  cause  it  to 
impinge  upon  the  fluorescent  screen  above  or 
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below  the  spot  at  which  it  would  strike  if  the 
second  coil  were  absent  or  inactive.  It  is  evi- 
dent, however,  that  if  the  magnetic  field  of  the 
second  coil  were  always  in  the  zero  phase  when 
the  cathode-ray  pulsation  reached  it,  there 
would  be  no  second  deflection  produced,  and 
the  luminous  spot  on  the  screen  would  occupy 
the  same  position  that  it  would  have  if  the  sec- 
ond coil  were  absent.  With  the  apparatus  dis- 
posed as  described,  it  was  known  that  the 
magnetic  field  of  the  first  coil  was  at  its  maxi- 
mum phase  when  the  cathode  ray  passed 
through  the  first  diaphragm,  and  (if  the  sec- 
ond coil  did  not  displace  the  luminous  spot  on 
the  screen)  it  was  also  known  that  the  magnetic 
field  of  the  second  coil  was  at  its  zero  phase 
when  the  cathode-ray  pulsation  reached  the 
second  diaphragm.  In  performing  the  actual 
experiment  the  two  magnetizing  coils  were 
made  identically  alike  and  were  placed  in  the 
circuit  in  parallel  and  with  symmetrically- 
arranged  leads,  so  that  the  phase  of  the  current 
at  any  given  instant  would  be  the  same  in  each. 
The  magnetizing  current  was  furnished  by  a 
modified  Tcsla  high-frequency  coil,  provided 
with  a  pair  of  condensers  of  known  capacity; 
and  from  the  known  electrical  constants  the 
frequency  of  the  magnetic  oscillations  in  the 
two  fields  could  be  calculated.  The  experiment 
then  consisted  in  determining  the  shortest  dis- 
tance by  which  the  two  magnetizing  coils  could 
be  separated,  consistently  with  the  second  one 
having  no  effect.  (We  say  the  "shortest  dis- 
tance" because  it  is  evident  from  the  nature 
of  wave-mot.on  that  a  similar  zero  effect  would 
be  observed  whenever  the  time  of  transit  of  the 
cathode  ray  from  one  field  to  the  other  hap- 
pened to  be  one-fourth,  three-fourths,  five- 
fourths  or  any  odd  number  of  fourths,  of 
the  time  of  a  complete  period  of  the  current  in 
the  magnetizing  coils).  In  one  experiment  this 
least  distance  was  found  to  be  39  centimeters, 
and  the  number  of  complete  oscillations  of  the 
magnetic  field,  from  either  coil,  was  found  to 
be  32,000,000  per  second.  Hence  the  time  re- 
quired for  the  cathode  beam  to  travel  39  centi- 
meters, in  this  case,  was  the  128.000,000th  part 
of  a  second.  Therefore  its  speed  was  4,992,- 
000,000  centimeters  per  second  —  or,  to  express 
it  in  the  usual  way,  and  to  as  high  a  degree  of 
precision  as  the  data  will  warrant,  5.0  X  10* 
centimeters  per  second.  (The  symbol  10*  stands 
for  the  ninth  power  of  10.  In  the  same  way 
10 — •  stands  for  the  reciprocal  of  the  ninth  power 
of  10.  A  notation  of  this  kind  is  in  common 
use  in  physics  for  expressing  large  numbers,  as 
it  avoids  the  use  of  long  rows  of  ciphers,  which 
are  not  only  confusing  to  the  eye  but  arc  also 
likely  to  lead  to  error  from  misreading,  or  from 
the  accidental  addition  or  omission  of  ciphers 
in  copying  or  printing).  It  is  evident  from  the 
foregoing  result  that  the  speed  of  the  cathode- 
ray  corpuscles  is  of  an  entirely  different  order 
of  magnitude  from  the  usual  speed  of  trans- 
lation of  gas  molecules.  The  average  molecular 
speed  in  hydrogen  gas,  for  example,  at  atmos- 
pheric pressure  and  at  the  temperature  of  melt- 
ing ice,  is  only  about  17  X  10^  centimeters  per 
second.  On  the  other  hand,  the  velocity  of 
light,  in  a  vacuum,  is  about  3  X  10'°  centimeters 
per  second,  so  that  the  velocity  of  the  cathode- 
ray  particles,  in  this  experiment,  was  about  one- 
sixth  of  that  of  light,  or  about  30,000  times  as 


great  as  the  speed  of  translation  of  hydrogen 
molecules.  It  should  be  understood  that  no 
great  degree  of  accuracy  is  claimed  for  the 
particular  numerical  result  just  quoted,  and 
it  should  also  be  understood  that  the  speed  of 
the  cathode-ray  particles  varies  considerably 
with  the  degree  of  exhaustion  in  the  tube,  and 
with  the  intensity  of  the  electric  field  in  the 
vicinity  of  the  cathode.  It  is  evident,  however, 
(1)  that  we  are  here  dealing  with  speeds  en- 
tirely transcending  anything  previously  known 
in  connection  with  the  translatory  motion  of 
matter,  and  (2)  that  Crookcs  was  in  all  proba- 
bility right  when  he  expressed  the  view  that 
cathode-ray  phenomena  bring  us  in  touch  with 
matter  (if  indeed  these  particles  are  "matter1' 
in  the  ordinary  sense)  in  a  very  different  state 
from  any  with  which  wc  have  had  previous 
experience. 

As  might  be  expected,  a  large  number  of 
experimenters  turned  their  attention  to  the  in- 
vestigation of  the  nature  and  properties  of 
these  cathode-ray  particles  or  negative  cor- 
puscles, and  many  exceedingly  difficult,  beauti- 
ful and  ingenious  lines  of  research  were  carried 
out  in  this  direction.  One  of  the  most  interest- 
ing was  Sir  J.  J.  Thompson's  determination  of 
the  speed  of  translation  of  the  corpuscles  in  the 
cathode  ray,  by  a  method  wholly  different  from 
that  of  Wiechert.  By  the  aid  of  a  magnet  he 
deflected  the  cathode  stream  so  that  for  a 
definite  time  it  entered  an  insulated  hollow 
vessel  that  was  connected  with  an  electrometer, 
which  served  to  measure  the  aggregate  electri- 
cal charge  of  the  entering  corpuscles.  Inside 
the  vessel  the  beam  impinged  upon  a  delicate 
thermoelectric  couple  of  known  thermal  capac- 
ity, by  means  of  which  the  total  kinetic  energy 
of  the  torrent  of  corpuscles  could  be  determined 
(in  the  form  of  heat).  The  curvature  of  the 
beam,  outside  the  closed  vessel  and  under  the 
influence  of  the  magnetic  field,  was  observed  at 
the  same  time.  If  N  is  the  number  of  corpus- 
cles entering  the  closed  vessel  in  a  given  time, 
and  e  is  the  negative  electrical  charge  on  each 
one  of  them,  then  Ne  is  the  total  aggregate 
charge  on  all  the  N  corpuscles  taken  together. 
This  was  one  of  the  quantities  measured.  Let 
us  represent  it  by  Q  and  write  Q  =■  Ne. 
Again,  if  u  is.  the  velocity  of  the  particles  (as- 
sumed to  be  the  same  for  all)  and  m  is  the 
mass  of  any  one  of  them,  the  kinetic  energy  of 
each  corpuscle  will  be  imw1,  and  the  total  aggre- 
gate kinetic  energy  of  the  N  corpuscles  that 
entered  the  enclosure  will  be  iNmu*.  This 
quantity,  which  we  will  denote  by  W  (so  that 
W  —  IN mu*) ,  was  given  by  the  thermoelectric 
couple.  Finally,  if  H  is  the  intensity  of  the 
magnetic  field  (in  electromagnetic  units)  and  r 
is  the  radius  of  curvature  of  the  cathode  beam 
where  it  traverses  this  field,  wc  have,  from 
general  electrical  principles,  the  relation  mu™ 
Her.  We  find  that  it  is  possible,  from  these 
three  equations,  to  eliminate  N  and  to  find  the 
e  . 

values  of  «   and  — .  respectively.   In  fact,  we 
fit 

have  u  =       and  — =  When  the  experi- 

mcnt  was  performed  and  the  observed  values 
of  the  measured  quantities  were  substituted  on 
the  right-hand  side  of  each  equation,  the  value 
of  the  speed,  u,  proved  to  be  about  10,000  miles 
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(or  1.6  X  10*  centimeters)  per  second.  The 

value  simultaneously  found  for  —  (or  the  elcc- 

m 

trical  charge  of  a  corpuscle,  per  unit  of  its 
mass)  was  about  10',  the  mass  being  supposed 
to  be  measured  in  grammes,  and  the  electric 
charge  expressed  in  absolute  electromagnetic 
units.  According  to  this  result,  the  charge  of 
the  negative  corpuscle,  per  unit  of  mass,  is 
about  the  thousandth  part  of  the  charge  ob- 
served on  the  hydrogen  atom,  per  unit  of  mass 
in  ordinary  electrolysis. 

It  was,  of  course,  highly  important  to  con- 
firm these  extraordinary  results  in  as  many 
ways  as  possible.  Another  method  that  sug- 
gested itself  for  determining  the  speed  of 
cathode- ray  corpuscles  depends  upon  the  fact 
that  a  static  electric  field  tends  to  deflect  a 
moving  electrified  particle  and  cause  it  to  de- 
scribe a  curved  arc  —  circular  or  parabolic,  ac- 
cording to  the  conditions  of  the  experiment. 
By  subjecting  the  cathode  ray,  simultaneously, 
to  a  static  electric  field  of  intensity  E  and  to  a 
magnetic  field  of  intensity  H,  it  is  possible,  if 
the  directions  of  the  lines  of  force  are  properly 
chosen,  and  the  respective  intensities  H  and  E 
are  properly  related,  to  cause  the  two  fields  to 
neutralize  each  other,  so  far  as  the  deflection 
of  the  cathode  ray  is  concerned.  An  application 
of  the  principles  of  theoretical  electricity  shows 
that  if  the  deflection  of  the  ray  is  to  be  zero, 
the  two  fields  acting  on  its  particles  must  fulfil 
the  relation 

£=*//«, 

from  which  we  obtain  the  very  simple  result, 


In  other  words,  if  we  find,  by  experiment,  a 
combined  magnetic  and  electrostatic  field  in 
which  the  cathode  ray  remains  sensibly  straight, 
the  velocity  of  the  particles  of  the  ray  may  be 
found  at  once  by  merely  dividing  the  strength 
of  the  observed  magnetic  field  by  the  strength 
of  the  observed  electric  field.  The  actual  ap- 
plication of  this  method  involves  special  diffi- 
culties but  J.  J.  Thomson  overcame  them  all, 
anJ  obtained  numerical  results  indicating  that 
the  velocity  u  lay  between  3  X  10*  and  2  X  10* 
centimeters  per  second ;  and  this,  combined  with 
the  result  obtained  by  applying  the  equation 
mu  =  Her,  which  holds  when  the  magnetic 
field  acts  alone  (r  being  then  the  radius  of 
curvature  of  the  cathode  ray),  led  to  the  fur- 
ther conclusion  that  the  value  of  —  lies  between 

Pi 

0.7  X  107  and  0.9  X  10',  if  m  is  measured  in 
grammes  and  e  in  absolute  electromagnetic 
units. 

It  should  not  be  inferred  that  all  our  in- 
formation with  regard  to  the  negative  corpuscle 
is  obtained  from  the  study  of  the  cathode  ray, 
because  this  is  far  from  being  the  case.  Ac- 
cording to  the  views  at  present  held,  the  nega- 
tive corpuscle  plays  a  leading  part  in  many 
physical  phenomena,  and  the  study  of  various 
other  departments  of  physics  has  led  to  con- 
firmatory conclusions  with  regard  to  the  prop- 
erties of  these  corpuscles.  The  Zceman  effect, 
for  example,  affords  a  means  of  determining 

the  ratio   — .    and  gives  results  that  are  in 
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harmony  with  determinations  obtained  from  the 
cathode  ray.  The  Zeeman  effect,  in  its  simplest 
form,  consists  in  the  doubling  of  the  spectral 
lines  of  substances,  when  the  radiating  source, 
from  which  the  light  giving  the  spectrum  pro- 
ceeds, is  subjected  to  the  action  of  a  powerful 
magnetic  field,  in  which  the  lines  of  force  are 
parallel  to  the  direction  of  radiation.  There  is 
much  to  be  done  in  the  way  of  clearing  up  our 
ideas  of  the  mechanism  by  which  radiation  is 
effected  (see  Radiation  and  Molecular  The- 
ory), but  for  the  moment  let  us  assume  that 
light-waves  originate  in  the  disturbances  pro- 
duced in  the  ether  by  negative  corpuscles  exe- 
cuting orbital  motions  within  the  atoms  of  the 
radiating  substance.  The  planes  in  which  the 
corpuscles  perform  these  orbital  motions  will, 
in  general,  be  distributed  equally  in  all  possible 
positions,  and  the  projections  of  their  orbits 
upon  any  selected  fundamental  reference  plane 
will  be  described,  by  the  corresponding  projec- 
tions of  the  corpuscles  themselves,  equally  in 
a  clockwise  and  a  counter-clockwise  d.rection. 
Now  if  the  radiating  source  be  subjected  to  a 
strong  magnetic  field,  the  lines  of  force  of 
which  are  parallel  to  the  direction  of  the  ray 
under  consideration,  the  speed  of  the  respec- 
tive corpuscles  will  be  differently  affected,  ac- 
cording as  their  projections  arc  revolving 
clockwise  or  counter-clockwise,  in  their  orbits 
as  projected  upon  a  plane  perpendicular  to  the 
lines  of  force.  Those  that  arc  revolving  in  one 
direction  will  be  accelerated  and  those  that 
are  revolving  in  the  opposite  d.rection  will  be 
retarded,  in  accordance  with  known  principles 
in  the  theory  of  electricity  and  magnetism.  But 
a  difference  in  the  periods  of  revolution  of  the 
corpuscles  will  mean  a  difference  in  the  wave- 
length of  the  emitted  light,  and  hence  if  the 
magnetic  field  is  sufficiently  intense,  it  will  cause 
a  visible  separation  of  the  spectral  lines  into 
doublets.  Lorentz,  basing  his  calculation  upon 
considerations  of  this  kind,  has  shown  that  if 
T  is  the  original  period  of  the  undisturbed 
vibration  causing  any  gn-en  spectral  line,  and  / 
is  the  difference  in  period  correspond.ng  to  the 
two  components  into  which  the  line  is  resolved 
by  means  of  the  magnetic  field,  we  have 

1=  -  7— 
m  4~ 

where  e.  m  and  H  have  the  same  significance 
as  above,  and  t  =  3.14159.  .  .  .  With  the 
exception  of  e  and  m,  all  these  quantities  are 
cither  known  or  obtainable  by  direct  observa- 
tion ;  and  hence  the  equation  affords  us  an  inde- 
pendent means  of  determining  the  ratio  of  e 
to  m.  Upon  performing  the  experiment  Zeeman 

found  values  of  —  ranging  from  1.4  X  10'  to 
tn 

1 .8  X  10',  which  agrees  fairly  well  with  the  re- 
sults previously  obtained  from  the  study  of 
the  cathode  ray. 

Other  methods,  based  upon  the  action  of 
ultraviolet  light,  and  upon  radioactivity  and 
phenomena  of  various  other  lands,  have  been 
used  for  determining  this  ratio,  and  from  the 
general  agreement  among  the  results  obtained 
by  different  methods  and  different  experiment- 
ers it  has  become  evident  that  although  the 
velocity  with  which  the  corpuscles  move  de- 
pends upon  the  circumstances  under  which  they 
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are  liberated  or  set  in  motion,  the  electric 

charge  of  a  corpuscle  per  unit  of  its  mass,—  t 

m 

is  always  the  same,  no  matter  what  the  condi- 
tion of  the  corpuscle  is,  or  from  what  source 
it  is  obtained.  It  is  evidence  of  this  kind  that 
has  led  physicists  to  conclude  that  the  negative 
corpuscle  is  a  fundamental  and  omnipresent 
constituent  of  matter  of  every  kind.   The  best 

value  of  —  that  has  been  obtained  up  to  the 
tn 

present  time  is  certainly  Buchercr's.   He  found 

-  =1.767  X  10'. 
m 

if  wi  is  measured  in  grammes  and  e  in  absolute 
electromagnetic  units.  This  is  believed  to  be 
correct  to  within  about  one-half  of  1  per  cent. 
It  applies  only  to  slowly-moving  corpuscles, 
however,  because,  as  we  shall  presently  see,  the 
apparent  mass  of  a  corpuscle  increases  with 
the  speed  of  the  corpuscle,  while  the  charge 
presumably  remains  unchanged.  (Buchcrer's 

value  of  —  is  5.299  X  10",  if  the  electric  charge 
m 

is  expressed  in  absolute  electrostatic  units.) 

The  fact  that  the  ratio  —   is  nearly  2,000 

times  as  great  as  the  charge  per  unit  mass 
observed  in  connection  with  the  hydrogen 
atom  in  electrolysis  shows,  most  conclusively, 
that  one  of  two  things  must  he  true :  Either 
(1)  the  charge  on  the  negative  corpuscle  is 
far  greater  than  the  charge  accompanying  an 
ion  in  electrolysis,  or  (2)  the  mass  of  a  nega- 
tive corpuscle  is  far  less  than  the  mass  of  any 
ion  or  atom  previously  known  to  us.  Of 
course  these  may  both  be  true,  but  certainly 
one  of  them  is  true,  and  as  soon  as  this  fact 
was  recognized,  it  was  also  recognized  that  the 
discovery'  of  the  negative  corpuscle  was  an 
event  of  fundamental  importance  in  the  history 
of  physics. 

In  order  to  find  out  which  alternative  must 
be  adopted,  J.  J.  Thomson  undertook  to  de- 
termine the  electric  charge  on  a  single  corpus- 
cle—  and  hence  also  the  mass  of  the  corpuscle, 
since  the  ratio  of  the  two  was  known.  More 
accurate  values  of  these  quantities  have  since 
been  obtained  by  other  means,  but  Thomson, 
it  should  be  remembered,  was  a  pioneer  in  a 
new  field,  and  the  work  that  he  did  in  solving 
his  problem  has  justifiably  been  called  by  Sir 
Oliver  Lodge  "one  of  the  most  brilliant 
things  recently  done  in  experimental  physics.* 
We  can  only  outline  his  method  in  a  rough 
way.  It  depends  (1)  on  the  fact,  discovered 
by  Aitkcn  in  1880,  that  condensation  of 
aqueous  vapor  in  air  does  not  occur,  even  when 
the  air  is  supersaturated,  unless  there  are  nuclei 
oi  some  sort  for  the  mist-particles  to  form 
about ;  (2)  on  the  fact,  demonstrated  by  Lord 
Kelvin  in  1870,  that  the  surface  tension  of 
small  droplets  of  water,  suspended  in  the  air, 
tends  to  cause  evaporation  even  though  the 
degree  of  saturation  is  enough  to  cause  con- 
densation on  a  water-surface  that  is  flat,  or 
that  has  a  large  radius  of  curvature;  (3)  on 
the  fact,  announced  bv  J.  J.  Thomson  himself 
in  1888,  that  the  electrification  of  such  a  drop- 


let tends  to  neutralize  the  effect  of  the  surface 
tension,  so  that  condensation  can  take  place  on 
a  water  droplet,  or  on  any  other  curved  sur- 
face of  exceedingly  short  radius,  if  this  droplet 
or  surface  is  electrified,  even  though  no  such 
condensation  could  take  place  in  the  absence  of 
the  electrification;  (4)  on  the  investigation,  by 
Sir  George  Stokes  in  1849,  of  the  limiting  speed 
at  which  small  spherical  bodies  will  fall,  by 
their  own  weight,  through  a  fluid  of  known 
viscosity;  and  (5)  on  the  method  devised  by 
Mr.  C.  T.  R.  Wilson,  in  1887,  for  precipitating, 
by  adiabatic  expansion,  a  definitely-known 
quantity  of  aqueous  vapor  in  the  form  of  mist, 
from  saturated  air. 

Thomson's  experiment  consisted  (1)  in 
partially  ionizing,  in  a  closed  vessel  and  by 
means  of  X-rays  or  ultra-violet  light,  air  con- 
taining a  suitable  quantity  of  water  vapor; 
(20  in  causing  the  deposition  of  droplets  of 
mist,  by  Wilson's  method  of  quick  adiabatic 
expansion,  about  the  ions  thus  set  free;  (3) 
in  observing  the  rate  at  which  the  mist  thus 
formed  subsides  —  a  process  which  really  con- 
sists in  the  falling  of  the  individual  droplets 
through  the  air;  (4)  in  calculating,  by  means 
of  Stokes*  formula,  the  diameter  (and  subse- 
quently the  weight)  of  the  spherical  droplets 
constituting  the  mist  —  this  being  made  possible 
by  the  fact  that  he  knew  the  viscosity  of  the 
air  and  had  observed  the  rate  of  fall  of  the 
droplets;  (5)  in  calculating  the  total  mass  (or 
weight)  of  water  precipitated,  in  accordance 
with  Wilson's  method,  from  the  known  degree 
of  expansion  of  the  air;  and  (6)  in  dividing  the 
total  weight  of  precioitated  water  by  the  weight 
of  a  single  droplet,  and  thereby  determining  the 
number  of  droplets.  The  number  of  droplets 
produced  being  assumed  to  be  the  same  as  the 
number  of  available  ions  about  which  condensa- 
tion was  theoretically  possible,  the  experiment 
manifestly  gave  the  total  number,  Ar,  of  the 
ions  present  in  each  cubic  centimeter  of  the 
air,  under  the  conditions  prevailing  in  the  ex- 
perimental apparatus.  In  one  experiment  N 
was  found  to  be  30,000. 

The  total  aggregate  charge  of  the  ions  was 
determined  by  means  of  a  pair  of  parallel 
metallic  plates  in  the  vessel  in  which  the  mist 
was  produced  —  one  of  them  being  insulated 
and  connected  with  an  electrometer.  If  the 
space  between  the  plates  contained  positive  ions, 
for  example,  then  by  suddenly  communicating 
a  strong  positive  charge  to  the  non-insulated 
plate  these  ions  could  be  quickly  repelled  against 
the  insulated  plate,  to  which  they  would  give 
up  their  charges;  and  the  aggregate  charge 
that  they  were  carrying  could  then  be  measured 
by  the  electrometer,  by  means  of  this  princi- 
ple the  total  charge  on  the  ions  in  a  cubic  centi- 
meter of  the  air  in  the  mist-chamber  was  de- 
termined ;  and  by  dividing  this  total  charge  by 
Ar,  the  number  of  ions  in  a  cubic  centimeter 
of  the  air,  the  charge  on  one  individual  ion 
became  known. 

The  charge  on  each  ion  was  assumed  to  be 
due  to  the  excess  or  defect  of  one  electron, 
and  hence  the  experiment  gave  an  estimate  of 
the  charge,  e,  associated  with  each  corpuscle. 
The  value  of  e  at  first  obtained  by  Thom- 
son in  this  way  ranged  from  5.5  X  10-10  to 
84  X  10-"'  electrostatic  units,  and  he  adopted 
6.5  X  10-*°  as  the  concluded  value.   In  1903  he 
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published  a  later  determination  of  e,  obtained 
by  following  the  same  general  plan  as  before 
but  with  ccrta.n  improvements  in  technique, 
and  gave  the  value  e  =  3.4  X  10— w. 

Beautiful  and  ingenious  as  this  determina- 
tion of  the  charge  on  the  individual  corpuscle 
was,  the  method  was  open  to  certain  criticisms, 
inasmuch  as  it  involved  certain  assumptions 
which  had  not  been  shown  to  be  valid,  and 
which,  in  fact,  were  only  approximately  true. 
They  were  near  enough  to  the  truth  for  the 
method  to  yield  a  rough  estimate  of  the  value  of 
e,  but  they  were  too  imperfect  to  provide  us 
with  an  accurate  and  dependable  determination. 
It  was  not  known,  for  example,  that  Stokes' 
formula  for  the  rate  of  fall  of  spheres  in  a 
viscous  fluid  would  apply  with  sufficient  ac- 
curacy in  the  case  of  droplets  of  the  exceed- 
ingly small  size  here  under  consideration.  Nor 
was  it  known  that  every  ion  actually  did  sur- 
round itself  by  a  liquid  droplet,  nor  that  there 
were  no  droplets  containing  more  than  one 
ion.  Nor  did  the  n.cthod  make  allowance  for 
the  effect  of  differences  in  the  sizes  of  the 
droplets,  nor  for  possible  evaporation  from 
their  surfaces  after  they  were  formed.  It  is 
not  possible,  in  the  present  place,  to  discuss 
these  various  points,  but  it  must  suffice  to  say 
that  they  have  all  received  the  most  careful 
consideration  in  later  researches,  and  Prof. 
R.  A.  Millikan,  of  the  University  of  Chi- 
cago, has  recently  been  able  to  publish  a 
definitive  and  probably  very  accurate  value 
of  e,  obtained  by  a  method  which  apparently 
leaves  little  to  be  desired  on  the  score  of 
soundness  or  of  experimental  excellence.  It 
docs  not  detract  in  any  way  from  the  admira- 
tion that  we  must  feel  for  Thomson's  original 
work,  to  say  that  Millikan's  research  was  still 
more  ingenious  and  beautiful.  He  succeeded 
in  trapping  single  corpuscles,  and  in  measuring 
the  value  of  the  "electron"  directly;  and  the 
account  of  his  work  that  he  gives  in  his  book, 
'The  Electron,'  is  extremely  fascinating. 

Millikan's  fundamental  idea  was  exceedingly 
simple,  but  in  its  practical  application  it  called 
for  an  immense  amount  of  ingenuity,  experi- 
mental skill  and  patient  labor.  A  tiny  spherical 
droplet  of  oil  was  electrified  and  caused  to  take 
up  a  position,  suspended  in  the  air,  between 
two  horizontal  metallic  plates  that  could  be 
electrified  or  grounded,  at  will.  The  drop  was 
strongly  illuminated  from  two  opposite  sides, 
and  was  observed  by  means  of  a  telescope  di- 
rected at  right  angles  to  the  light-rays.  It 
appeared,  in  the  field  of  the  telescope,  "like  a 
bright  star  against  a  black  background."  The 
drop  was  first  allowed  to  fall  freely  through 
a  known  distance  (approximately  equal  to  half 
a  centimeter  or  one-fifth  of  an  inch),  the 
limits  of  w-hich  were  marked  by  a  pair  of 
cross-hairs  in  the  telescope.  The  time  of  fall 
through  this  distance,  in  one  set  of  experiments, 
was  about  13  seconds.  Before  the  drop  reached 
the  lower  metallic  plate,  both  plates  were  elec- 
trified by  connecting  them  to  the  terminals  of  a 
batten'  having  a  total  electromotive  force  of 
from  5,000  to  10,000  volts,  the  charge  of  the 
lower  plate  having  the  same  sign  as  the  elec- 
trification on  the  oil  drop.  When  the  experi- 
ment was  rightly  conducted,  the  drop  (already 
carrying  an  electric  charge)  would  begin  to 
rise,  under  the  influence  of  the  electric  field  to 


which  it  was  exposed,  and  the  time  required 
for  it  to  make  its  upward  journey  from  the 
lower  cross-hair  of  the  telescope  to  the  upper 
one  was  noted.  Before  it  reached  the  upper 
plate  the  electric  field  would  be  destroyed  by 
grounding  the  metal  plates.  The  drop  would 
then  fall  again,  and  the  time  of  its  descent 
from  the  upper  cross-hair  to  the  lower  one  was 
once  more  observed,  and  so  the  experiment 
proceeded  —  keeping  the  droplet  always  in  the 
air,  and  continually  recording  the  times  of  its 
ascent  and  descent.  (A  single  drop  could  thus 
be  kept  under  constant  observation  for  hours.) 
The  size  of  the  drop  was  determined  from  the 
measured  time  of  its  fall  by  means  of  a  modi- 
fied form  of  Stokes'  formula  for  the  descent 
of  small  spheres  in  viscous  media  —  the  original 
formula  having  been  studied  with  great  care 
(especially  by  Dr.  H.  D.  Arnold)  with  refer- 
ence to  its  accuracy  in  connection  with  droplets 
of  the  size  used  in  these  experiments.  The 
diameter  of  the  droplet  being  known,  its  weight 
was  readily  ascertained,  because  the  density  of 
the  oil  of  which  it  was  composed  was  known. 
Then  from  a  knowledge  of  the  weight  of  the 
drop,  and  of  the  time  of  its  downward  passage 
under  the  influence  of  gravity  and  of  its 
upward  passage  under  the  influence  of  the 
known  electric  field,  it  was  easy  to  cal- 
culate the  electric  charge  on  the  drop. 
An  ingenious  means  was  provided  for  chang- 
ing the  electrification  of  the  drop  at  will, 
and  in  cither  direction,  by  ionizing  the  air 
between  the  plates  by  means  of  an  X-ray 
discharge,  and  then  throwing  ions  against  the 
drop  by  electric  repulsion.  The  original  posi- 
tive electrification  of  the  drop  was  reduced 
every  time  a  negative  ion  was  taken  in,  and 
increased  every  time  a  positive  ion  was  re- 
ceived. After  a  positive  ion  had  been  taken 
in,  the  upward  journey  would  be  performed 
more  quickly  than  before,  and  the  inclusion 
of  a  negative  ion  would*  cause  a  correspond- 
ing slowing  of  the  upward  motion.  It  was 
found  to  be  quite  possible  to  determine,  from 
the  circumstances  of  the  motion,  the  number 
(as  well  as  the  sign)  of  the  ions  thus  entering 
the  drop ;  and  by  calculating  the  electric  charges 
for  all  the  different  upward  journeys  that  were 
observed,  it  became  evident  that  these  various 
charges  either  showed  no  change,  or  differed 
from  one  another  either  by  a  certain  constant 
quantity,  or  by  a  low  multiple  of  that  quantity. 
It  was  even  found  that  the  original  charge  of 
the  droplet  was  also  an  apparently  exact 
multiple  of  this  same  quantity.  The  doctrine 
that  electrification  is  a  discontinuous  process, 
and  that  it  consists  in  adding  to  a  body  (or 
subtracting  from  it)  a  certain  number  of 
small-sized  yet  finite  and  equal  charges,  or 
"electrons,"  thereby  received  an  exceedingly 
striking  and  definite  confirmation ;  and  the  data 
available  made  it  quite  easy  to  calculate  the 
magnitude  of  this  elementary  unit  charge.  After 
several  years  of  study  and  observation,  cul- 
minating in  two  years' of  work  with  a  special 
apparatus  constructed  with  exceeding  care,  the 
final  conclusion  was,  that  the  charge  on  the 
electron  is  invariably  r  ^  4.774  X  10— "  abso- 
lute electrostatic  units ;  and  Millikan  believes 
(apparently  with  good  grounds)  that  the  un- 
certainty in  this  result  is  not  greater  than  the 
thousandth  part  of  its  own  magnitude.  (The 
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corresponding  value  of  the  charge,  in  absolute 
electromagnetic  units  is  e—  1.592  X  10-**). 

Millikan  obtained  his  oil  drop  by  perforating 
the  upper  of  the  two  metallic  plates  by  means 
of  a  minute  pinhole,  and  then  sending  a  fine 
spray  of  the  oil  into  the  space  above  the  plate, 
by  blowing  a  puff  of  air  through  an  atomizer. 
In  the  course  of  time  one  of  the  droplets  of 
the  spray  would  fall  through  the  pinhole  into 
the  region  between  the  plates,  and  the  experi- 
ment could  be  started.  The  friction  to  which 
the  oil  was  subjected  in  the  atomizer  electrified 
the  droplets  of  spray  positively,  and,  as  has 
been  stated  above,  the  charge  communicated 
to  the  droplet  in  this  way  was  always  found 
to  be  an  exact  multiple  of  the  value  given 
above.  This  fact  is  highly  interesting,  because 
here  we  have,  for  the  first  time,  direct  evidence 
that  an  electric  charge  communicated  to  a  body 
by  friction  consists  in  an  excess  or  deficit  of  a 
definite,  finite  number  of  electrons.  In  one  ex- 
periment, for  example,  the  positive  charge  com- 
municated to  the  droplet  by  the  initial  friction 
of  the  atomizer  was  found  to  correspond  to 
a  loss  (or  deficiency)  of  nine  negative  electrons. 

Millikan  varied  his  drop-experiments  in 
many  ways,  using  numerous  substances  (in- 
cluding mercury)  for  the  drops,  and  experi- 
menting with  drops  of  widely  different  sizes, 
and  with  various  gases  between  his  electrified 
plates;  and  he  concludes  that  "the  apparent 
value  of  the  electron  is  not  in  general  a  func- 
tion of  the  gas  in  which  the  particle  falls,  of 
the  materials  used,  or  of  die  radius  of  the  drop 
on  which  it  is  caught*  In  other  words,  he 
strikingly  confirmed  the  theory  that  the  negative 
corpuscle  has  an  'actual,  physical  existence, 
apart  from  the  existence  of  the  kinds  of  matter 
heretofore  contemplated  by  the  chemist. 

The  determination  of  the  mass  m  of  a  free, 
slowly-moving  negative  corpuscle  is  an  easy 

matter  after  —  and  e  have  been  separately 

determined;  for  we  have  the  simple  relation 

'+ (~k) = m    With  Mi,,ikan's  va,uc  of  e  and 

Buchcrcr's  value  of  —  (both  expressed  in 

m 

terms  of  absolute  electrostatic  units)  we  have 
m= (4.774  X  lO-")  +  (5299  X  10")=0.901 
X  10-"  grammes. 

(It  may  be  shown,  from  this,  that  it  would 
require  1345  slowly-moving  negative  corpuscles, 
to  have  a  combined  mass  equal  to  the  mass  of 
one  hydrogen  atom.) 

We  do  not  yet  know  the  shape  of  the 
negative  corpuscle,  nor  do  we  positively  know 
that  the  word  "shape*  has  any  definite  mean- 
ing when  applied  to  it.  I-armor,  for  purposes 
of  discussion,  assumed  the  corpuscle  to  be  a 
mathematical  point  endowed  with  a  finite  charge 
of  electricity,  which  creates  a  certain  type  of 
strain  in  the  surrounding  ether;  but  the  pre- 
vailing conception  (in  which  Larmor  would 
doubtless  concur)  is  that  the  actual,  physical 
corpuscle  has  some  kind  of  spatial  extension, 
though  it  may  not  have  definite  boundaries. 
Nicholson,  in  a  paper  read  before  the  Physical 
Society  of  London  in  October  1917,  suggested 
that  the  corpuscle  is  a  region  of  strain  in  the 
ether,  the  strain  being  intense  in  the  immediate 
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vicinity  of  a  certain  central  point,  and  diminish- 
ing with  extreme  rapidity  as  we  pass  away 
from  that  point.  According  to  this  view  the 
corpuscle  would  have  no  definite  boundaries, 
and  therefore  (in  a  strict  sense)  no  definite 
shape,  though  on  account  of  the  intense  localiza- 
tion of  the  region  in  which  the  strain  is  really 
significant,  we  might  treat  the  corpuscle  for 
most  purposes  almost  as  though  it  were  a 
mathematical  point.  If  wc  desired  to  assign 
a  "radius*  to  such  a  corpuscle,  we  should  have 
to  define  the  radius  arbitrarily,  either  as  ex- 
tending to  a  region  where  the  strain  is  some 
definite  fraction  of  the  maximum  central  strain, 
or  in  some  other  way. 

In  the  absence  of  data  concerning  the  shape 
of  the  negative  corpuscle,  it  is  natural  to  try, 
first,  the  simplest  assumption  we  can  make  with 
regard  to  it  and  to  see  how  well  this  fits  such 
facts  as  we  have.  The  simplest  shape,  from  a 
mathematical  standpoint,  is  a  sphere;  and  we 
find  that  the  three  best-known  theories  as  to 
the  shape  of  the  negative  corpuscle  assume  it 
to  be  spherical,  at  all  events  when  it  is  at  rest. 

(1)  Abraham  considers  the  corpuscle  to  be 
rigid  and  spherical  at  all  times,  whether  it  is 
moving  rapidly  or  at  rest. 

(2)  Lorentz  considers  it  to  be  spherical  when 
at  rest,  but  assumes  that  when  it  moves  it  be- 
comes transformed  into  an  ellipsoid  of  revolu- 
tion with  its  equatorial  radius  unchanged,  but 
with  its  polar  radius  (which  is  parallel  to  the 
direction  of  the  motion)  i>hortencd  to  r  V*  l — ** 
where  r  is  the  original  radius  and  x  is  the  ratio 
that  the  speed  of  the  corpuscle  bears  to  the 
speed  of  light. 

(3)  Bucherer  and  Langevin  also  consider 
the  corpuscle  to  be  spherical  when  at  rest  and 
assume  that  when  it  is  in  motion  it  takes  the 
form  of  an  ellipsoid  of  revolution  with  its  polar 
radius  shortened  and  directed  parallel  to  the 
motion;  but  they  assume  that  the  polar  radius 
becomes  r(l — jr1)  *  and  that  the  equatorial 
radii  are  increased  in  consequence  of  the  mo- 
tion, so  that  each  becomes  equal  to  r(l  — x*y—  *. 
where  r  and  x  have  the  same  significance  as 
before.  (It  is  to  be  observed  that  these  rela- 
tions of  Bucherer  and  Langevin  leave  the  vol- 
ume of  the  corpuscle  unchanged,  whatever  the 
speed  may  be). 

Each  of  these  conceptions  has  so/nothing  in 
its  favor,  and  each  has  something  against  it, 
but  they  should  all  be  regarded  merely  as  con- 
venient mathematical  fictions  for  the  present  — 
fictions  that  are  worth  considering  because  they 
may  serve  to  suggest  further  researches  when 
their  consequences  are  investigated.  The  ex- 
periments of  Kaufmann  (to  which  reference 
will  presently  be  made)  anpear  to  be  incompat- 
ible with  Lorentz's  conception  of  the  corpuscle, 
while  the  theory  of  relativity  suggests  that 
those  of  Abraham  and  of  Bucherer  and  Lange- 
vin are  untenable. 

The  general  theory  of  electricity,  as  applied 
to  static  charges  moving  rapidly  through  space, 
brings  us  face  to  face  with  an  exceedingly  in- 
teresting topic  in  connection  with  the  negative 
corpuscle, —  namely,  that  its  apparent  mass  is 
doubtless  in  some  measure  of  electrical  origin, 
and  that  it  is  quite  within  the  bounds  of  possi- 
bility that  it  is  wholly  electrical.  Sir  J.  J, 
Thomson  pointed  out,  as  long  ago  as  1881,  that 
a  moving  body  (for  example,  a  sphere)  pos- 
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sesses  a  somewhat  greater  apparent  inertia,  or 
mass,  when  it  is  electrically  charged  than  it  docs 
when  it  is  not  charged.  ('Recent  Researches  in 
Electricity  and  Magnetism,'  p.  21.)  This  is 
due  to  the  fact  that  the  charged  body  has  Fara- 
day "tubes  of  force"  radiating  from  it,  and  these 
tubes  are  supposed  to  carry  a  certain  amount 
of  ether  along  with  them  and  to  encounter  a 
sort  of  hydrodynamic  resistance  from  the  sur- 
rounding ether.  This  resistance  is  not  analo- 
gous to  friction,  however.  It  does  not  neces- 
sarily entail  any  dissipation  of  energy,  but  has 
the  general  effect  (when  considered  mathemat- 
ically) of  increasing  the  apparent  mass  of  the 
charged  body.  Thomson  snowed,  for  example, 
that  a  sphere  having  a  radius  of  r  centimeters, 
and  bearing  an  electric  charge  of  e  absolute 
electromagnetic  units,  has  an  apparent  mass 

equal  to  (m  +  y  •  ~j  grammes,  if  it  is  station- 
ary or  moving  with  a  speed  that  is  small  in 
comparison  with  the  speed  of  light ;  m  being 
its  mass,  in  grammes,  when  the  electric  charge 
is  absent. 

W  hen  a  charged  sphere  is  caused  to  move 
with  greater  and  greater  speed,  the  Faraday 
tubes  of  force  shift  their  positions  in  relation 
to  it,  and  Hcavisidc  showed  (in  1889)  that  as 
the  speed  increases,  each  tube,  whatever  its 
original  direction,  will  be  displaced  more  and 
more  toward  a  plane  passing  through  the  cen- 
tre of  the  sphere  perpendicularly  to  the  line  of 
motion.  In  other  words,  if  we  call  the  diameter 
that  coincides  with  the  direction  of  motion  of 
the  sphere  its  "polar  axis,"  the  tubes  of  force 
that  radiate  from  the  sphere  will  crowd  closer 
and  closer  toward  the  equatorial  plane,  the 
faster  the  sphere  moves.  Moreover,  the  shift- 
ing of  each  tube  (according  to  Heaviside's 
analysis)  will  take  place  in  such  a  way  that 
the  original  distance  of  every  point  in  the  tube 
from  the  equatorial  plane  will  be  reduced  by 
the  motion  in  the  proportion  of  V  V* — p*  to  V, 
where  v  is  the  speed  of  the  sphere,  and  V  is 
the  speed  of  light.  (It  is  to  be  observed,  in 
particular,  that  the  tubes  approach  the  equa- 
torial plane  in  the  same  way,  whether,  they  lie 
in  front  of  it  or  behind  it,  as  the  sphere  moves 
through  space). 

Now  the  effect  of  the  ether  upon  a  Faraday 
tube  is  very  different  when  the  tube  is  moving 
endwise  than  when  the  tube  is  moving  side- 
wise  (or  perpendicularly  to  its  own  length) ; 
and  in  consequence  of  this  fact,  the  part  of  the 
apparent  mass  that  is  due  to  the  electrification 
increases  when  the  speed  of  the  sphere  becomes 
great  enough  for  the  equatorial  crowding  of 
the  tubes  of  force  to  become  significant.  It  is 
not  possible  to  deal  with  this  phase  of  the  sub- 
ject more  than  superficially  in  the  present  arti- 
cle, but  it  should  be  specially  noted  that  mathe- 
matical analysis  has  shown  (1)  that  owing  to 
the  existence  of  the  Faraday  tubes  of  force  that 
stretch  out  into  the  ether  from  an  electrified 
body,  that  body,  whether  its  charge  be  positive 
or  negative  and  whether  it  be  stationary  or  in 
motion,  has  an  apparent  mass  greater  than  the 
mass  it  has  when  the  charge  is  absent;  (2)  that 
owing  to  the  crowding  of  the  Faraday  tubes 
toward  the  equatorial  region  when  the  speed 
of  the  body  increases,  the  apparent  mass  of  the 
body  increases  as  the  speed  increases;  (3)  that 
at  any  ordinary  speed  this  increase  in  apparent 


mass  is  insignificant  and  does  not  have  to  be 
reckoned  with;  but  (4)  that  it  becomes  sig- 
nificant as  soon  as  the  body  attains  a  speed 
equal  to  a  few  tenths  of  the  speed  of  light,  and 
(:>)  the  apparent  mass  increases  with  extreme 
rapidity  as  the  speed  approaches  closely  to  the 
speed  of  light,  and  (6)  it  would  become  infinite 
if  that  speed  were  fully  attained. 

Now  until  the  last  few  years  this  rather 
striking  conclusion  was  of  academic  interest 
only  and  it  had  no  practical  bearing  because 
we  could  not  produce  any  such  prodigious 
speeds,  in  electrified  bodies,  as  were  necessary 
in  order  to  give  rise  to  any  sensible  increase 
in  their  apparent  mass.  W  hen,  however,  it  was 
discovered  that  the  negative  corpuscles  in  high 
vacuum  tubes  are  moving  with  speeds  compara- 
ble with  (though  always  materially  less  than) 
the  speed  of  light,  the  conclusions  summarized 
above  began  to  have  an  important  practical 
bearing  and  physicists  asked  themselves  whether 
any  increase  in  the  apparent  mass  of  these  cor- 
puscles could  be  detected,  that  could  be  assigned 
to  the  causes  indicated  —  that  is,  whether  any 
experimental  evidence  could  be  adduced,  to 
show  that  the  apparent^  mass  of  a  swiftly-mov- 
ing electrified  particle  increases  with  the  speed 
with  which  the  particle  is  traveling.  The  ques- 
tion became  far  more  interesting  and  import- 
ant when  it  was  shown  that  the  so-called  "beta 
rays*  emitted  by  radium  are  identical  with  the 
negatively  electrified  corpuscles  observed  in 
vacuum  tubes,  because  the  speed  of  these  beta 
particles  has  been  found  to  be  as  high  as  from 
95  to  97  per  cent  of  that  of  light  in  some  cases, 
and  hence  they  should  show  a  marked  increase 
of  apparent  mass,  if  the  previous  theoretical 
conclusions  about  the  effect  of  speed  upon  mass 
were  sound. 

Partly  with  the  object  of  testing  this  point, 
and  partly  with  the  broader  idea  of  gaining  a 
general  insight  into  the  nature  of  mass  and  in- 
ertia and  into  the  constitution  of  the  negative 
corpuscle,  W.  Kaufmann,  of  Gottingen,  under- 
took to  determine  the  ratio  of  charge  to  mass 
for  these  rapidly-moving  particles,  at  various 
speeds.  An  interesting  semi-popular  account 
of  his  best-known  experiments  will  be  found  in 
Sir  Oliver  Lodge's  'Electrons.1  (For  the  origi- 
nal papers,  sec  Comptes  rendus,  13  Oct.  1902; 
Physikalische  Zritschrift,  4,  19(12-03,  p.  55; 
Annalcn  dcr  Physik,  Vol.  XIX,  1906).  The 
method  employed  by  Kaufmann  was  a  modifi- 
cation of  the  one  outlined  above  for  determin- 
ing the  speed  of  cathode-ray  corpuscles  by 
subjecting  the  particles  simultaneously  to  mag- 
netic and  electrostatic  fields  of  force,  exrept 
that  Kaufmann  made  use  of  a  stream  of  beta 
particles,  emitted  by  radium,  and  arranged  his 
apparatus  so  that  the  magnetic  field  tended  to 
deflect  each  corpuscle  toward  (say)  the  north, 
while  the  electric  field,  instead  of  being  dis- 
posed so  as  to  neutralize  this  effect,  was  ar- 
ranged so  that  it  tended  to  deflect  the  corpuscle 
(say)  toward  the  east.  The  stream  of  beta 
particles  impinged  against  a  photographic  plate 
in  such  a  way  that  a  small,  round,  single  spot 
was  registered  upon  it  \vhen  neither  field  was 
active.  When  the  magnetic  field  alone  was  ex- 
cited, the  spot  would  have  been  merely  dis- 
placed toward  the  north  if  the  beta  particles 
all  had  the  same  speed;  but  inasmuch  as  they 
had  a  great  variety  of  speeds,  it  was  drawn  out 
into  a  straight  line,  extending  in  a  north-and- 


Digitized  by  Google 


ELECTRON  THEORY 


south  direction.    Similarly,  the  electric  field, 
vhen  acting  alone,  caused  it  to  be  drawn  out 
nto  a  straight  line  extending  in  an  east-and- 
west  direction.    In  the  actual  experiment,  with 
l»th  fields  acting  at  once,  the  line  that  was  ob- 
erved  was  a  curve;  and  irom  a  study  of  the 
hape  and  position  of  this  curve  it  was  found 
.o  be  possible  to  determine,  separately,  the  ve- 
rity, u,  of  the  particles  impinging  upon  any 

:  ven  part  of  it,  and  the  ratio        for  the.e 

Jim 

amc  particles.  If  it  is  assumed  (in  accordance 
uith  all  the  other  evidence  that  we  havO  that 
c  remains  invariable,  the  data  thus  obtained 
show  the  relation  between  the  mass,  m,  of  a 
negative  particle  and  the  speed,  u,  with  which 
the  panicle  is  moving. 

The  relation  between  speed  and  mass,  as  re- 
vealed by  these  experiments,  was  very  marked. 
For  example,  at  the  highest  speed  observed 
(which  was  about  97  per  cent,  of  that  of  light) 
the  apparent  mass  of  a  corpuscle  was  found  to 
be  about  three  times  as  great  as  the  mass  of 
the  same  corpuscle  when  at  rest. 

Kaufmann  s  experiments  provide  us  with 
means  of  testing,  to  a  certain  extent,  theories 
of  the  constitution  of  the  negative  corpuscle, 
inasmuch  as  for  every  thcorv  concerning  the 
general  nature  of  the  corpuscle  there  will  be  a 
corresponding  law  of  variation  of  mass  with 
speed.  This  was  recognized  immediately,  and 
was,  in  fact,  largely  what  led  to  the  making  of 
the  experiments  to  which  we  have  just  re- 
ferred A  curious  fact  that  has  to  be  reckoned 
with,  in  applying  tests  of  this  kind  to  the  ob- 
servational data,  is,  that  every  negative-corpuscle 
theory  yet  proposed  indicates  that  the  mass  of  a 
body  moving  at  high  speed  is  a  z  rctor  quantity 
—  that  is,  that  the  mass  of  the  body,  as  meas- 
ured in  the  direction  of  the  motion  (i.e.,  the 
so-called  longitudinal  mass)  is  different  from 
the  mass  of  the  same  body  as  measured  at  right 
angles  to  the  direction  ot  the  motion  (i.e.,  de- 
ferent from  the  so-called  transversa)  mass). 
It  is  the  transversal  mass,  as  Abraham  pointed 
out  in  1902,  w;ith  which  we  have  to  deal  in  dis- 
cussing experiments  such  as  Kaufmann's. 

If  a  is  the  ratio  that  the  speed  of  a  given 
negative  corpuscle  bears  to  the  speed  of  light 
whm  the  electrical  part  of  the  transversal  mass 
of  the  corpuscle  is  m,  and  if  ttu  is  the  electrical 
part  of  the  mass  of  this  samv  corpuscle  when 
it  is  at  rest,  then  for  m  m»  we  have  the  fol- 
lowing values  for  the  respective  theories  of 
negative-corpuscle  structure  mentioned  above: 

theory;   .  _  _  |;    for  the  Lorcntz  theory;  and 


I 


(1_/P)V.  for  tne  Bucherer-Langevin  theory 

When  the  several  hypotheses  as  to  the  con- 
stitution of  the  negative  corpuscle  are  judircd 
by  comparing  these  formulas  with  Kaufmann's 
experimental  data,  it  appears  (1)  that  the  Lo- 
rcntz corpuscle,  which  is  the  only  one  of  the 
three  that  conforms  with  the  theory  of  rela- 
tivity, does  not  fit  the  data  at  all  well ;  and  (2) 
that  the  experimental  evidence  agrees  quite 
well  with  cither  the  Abraham  or  the  Buchcrer- 
Lanjrevin  corpuscle. 

From  experiments  of  this  nature  we  may 
vol.  to  —  u 


obtain  a  certain  amount  of  information  with 
regard  to  the  proportion  of  ^electrical  mass*  to 
"real  mass"  in  a  corpuscle;  for  the  experi- 
mental data  reveal  the  law  in  accordance  with 
which  the  total  mass  varies  with  speed,  while 
the  theory  of  the  nature  and  constitution  of  the 
corpuscle  yields  a  formula  showing  merely  how 
the  electrical  part  of  the  mass  varies.  If  there 
is  a  "real  mass*  to  the  corpuscle,  we  may  there- 
fore reasonably  hope,  by  comparing  experiment 
with  good  theory,  definitely  to  solve  this  ques- 
tion of  the  quantitative  relation  between  the 
two  kinds  of  mass.  Kaufmann,  soon  after  his 
original  experiments  were  made,  believed  that 
they  indicated  that  only  a  fraction  of  the  total 
mass  is  electric ;  .but  he  had  not  then  taken  ac- 
count of  the  difference  (noted  above)  between 
longitudinal  and  transversal  mass.  Later,  when 
due  allowance  was  made  for  this  difference,  he 
came  to  the  conclusion  that  most  and  perhaps 
a. I  of  the  mass  is  electric;  and  there  is  a 
growing  tendency  among  physicists  not  only  to 
accept  this  view  with  regard  to  negative  cor- 
puscles, but  also  to  generalize  it  broadly,  and 
to  assume  (at  least  tentatively)  that  mass, 
wherever  it  is  found,  is  exclusively  electrical  in 
nature,  and  due  to  the  motion,  within  the  atoms 
of  bodies,  of  electrified  corpuscles  moving  with 
great  speeds.  This  conception  is  as  fascinat- 
ing as  it  is  revolutionary.  Many  of  its  advo- 
cates, however,  overlook  the  fact  that  even  if 
this  should  prove  to  be  the  case,  we  have  •ex- 
plained* mass  only  by  shitting  it  to  the  ether, 
which,  at  the  same  time,  we  should  apparently 
have  to  conceive  as  a  medium  far  denser  than 
anything  we  know  of,  in  the  visible  and  tangi- 
ble world  of  direct  experience. 

Before  attempting  to  estimate  the  size  of  a 
negative  corpuscle,  it  is  necessary  clearly  to 
understand  that  we  have  no  way,  as  yet,  to 
determine  the  dimensions  of  corpuscles,  if  we 
assume  that  the  mass  that  thev  possess  is  only 
partially  electrical  and  that  the  rest  of  it  is 
mass  in  the  usual  or  non-electrical  sense.  If, 
however,  we  assume  that  the  mass  is  wholly  of 
electrical  origin,  we  can  easily  obtain  an  esti- 
mate of  the  size  of  the  corpuscle.  The  value 
that  we  obtain  will  depend  in  some  measure 
upon  the  views  that  we  hold  with  regard  to  the 
shape  of  the  corpuscle;  but  if,  for  present  pur- 
poses, we  consider  it  to  be  spherical,  the  esti- 
mate of  size  obtained  will  probably  be  of  the 
right  general  order  of  magnitude,  even  if  the 
spherical  shape  ultimately  proves  to  be  unten- 
able, so  far  as  concerns  the  relation  of  the 
negative  corpuscle  to  phenomena  in  general. 

To  obtain  the  desired  estimate  of  size  (in 
conformity  with  the  assumptions  here  outlined) 
we  mav  make  use  of  the  expression  given  by 
J.  J.  Thomson,  and  already  quoted  above,  for 
the  electrical  mass  of  a  slowly-moving  electri- 
fied sphere.  Thus  if  mi  is  the  mass  of  the 
(stationary  or  slowly-moving)  corpuscle  in 
grammes,  r  its  radius  in  centimeters  and  e  its 
charge  in  absolute  electromagnetic  units,  we 
have 

2  e»  2  e> 

m—  -  >  orr  — —  •  — 
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Hence,  with  the  values  given  above  for  c  and 
m,  we  have 
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corpusclcs  were  placed  in  a  line  and  just  touch- 
ing one  another,  they  would  make  a  row  about 
an  inch  and  a  half  long.  (An  equal  number  of 
oranges,  each  three  inches  in  diameter  and 
placed  in  a  row  in  like  manner,  would  reach 
from  the  sun  to  the  orbit  of  Jupiter).  Atoms 
differ  in  size,  but  in  a  rough  and  general  way  it 
may*  be  said  that  it  would  require  something 
like  100,000  negative  corpuscles,  placed  in  a 
straight  line  and  in  contact  with  one  another, 
to  reach  across  the  diameter  of  an  atom. 

The  corpuscular  theory  has  developed  mar- 
velously  in  the  last  l5  years,  and  it  has 
been  applied,  in  one  form  or  another,  to  the 
explanation  of  the  mechanism  of  many  phe- 
nomena, such  as  radiation,  X-rays,  radioactiv- 
ity, and  electrical  and  thermal  conduction.  It 
has  also  been  pressed  into  service  to  explain 
chemical  affinity  and  valency  and  to  elucidate 
the  structure  of  atoms  and  molecules.  It  has 
proved  to  be  a  fruitful  conception,  and  some 
modification  of  it  will  no  doubt  remain  with  us, 
as  a  permanent  addition  to  our  physical  the- 
ories. It  should  be  recognized,  however,  that 
when,  in  discussing  particles  so  exceedingly 
small,  we  apply  the  general  physical  and  me- 
chanical laws  and  principles  that  we  have  de- 
duced from  observation  in  our  grosser  world 
of  experience,  we  are  very  likely  committing 
a  serious  error  —  an  error  which,  though  it  will 
no  doubt  be  corrected  in  the  course  of  time, 
may  be  blinding  us,  meanwhile,  to  some  very 
large  facts.  Many  of  the  ■laws*  thstt  apply 
to  larger  masses  of  matter  are  probably  statis- 
tical laws,  due  to  the  averaging  of  many  mil- 
lions of  separate  events  that  do  not  individu- 
ally follow  these  laws.  That  the  properties  of 
the  negative  corpuscle  are  far  different  from 
those  that  we  have  heretofore  assigned  to 
'gross*  matter  is  already  sufficiently  shown  by 
what  we  have  learned  about  the  mass  of  such 
corpuscles.  In  a  general  way,  however,  it  may 
be  said  that  we  have  made  progress  enough  in 
the  study  of  the  negative  corpuscle  to  have  it 
become  a  real  thing  to  us  —  or  at  least  a  symbol 
of  a  real  thing;  and  J.  J.  Thomson  has  well 
said  that  although  the  negative  corpuscle  is  a 
recent  discovery,  we  already  know  more  about 
it  than  we  do  about  the  atom.  See  also  Elec- 
tricity; Molecular  Theory;  Radiation;  Ra- 
dioactivity. 

Bibliography. — A  creditable  and  interesting 
■popular  account  of  the  negative  corpuscle  and 
its  various  relations  is  given  in  E.  E.  Fournier 
d'Albc's  'Electron  Theory,'  though  the  numer- 
ical data  therein  given  have  now  been  largely 
superseded  bv  better  values,  as  indicated  in  the 
present  article.  A  more  recent  and  more  au- 
thoritative review  of  the  relation  of  the  corpus- 
cular theory  to  physical  phenomena  in  general 
is  given  by  I.  P.  Minton  in  a  scries  of  papers 
printed  in  The  General  Electric  Review  for 
1915  (Vol.  18.)  Consult  also  Thomson,  J.  I  , 
'The  Corpuscular  Theory  of  Matter,'  'The 
Conduction  of  Electricity  through  Gases'  and 
'Electricity  and  Matter';  Campbell,  'Modern 
Electrical  Theory';  Lodge,  'Electrons';  I.ar- 
mor,  'Aether  and  Matter';  Millikan,  'The 
Electron';  Comstock  and  Truland,  'The 
Nature  of  Matter  and  Electricity'  ;  Ruchcrer, 
'Mathematische  Einfiihrung  in  die  Eloktronen- 
theoric';  Abraham,  'Theorie  der  Elektrizitat ' 
(Vol  II). 

.  Allan  D.  Risteen.  PhD. 


ELECTROPLATING 

ELECTROOPTICS,  a  branch  of  elec- 
trical science  treating  of  the  relation  of  elec- 
tricity to  light.   See  Light. 

ELECTROPHORUS.  See  Electric  Ma- 
chine. 

ELECTROPHOTO  MICROGRAPHY, 

the  art  of  photographing,  by  means  of  the  elec- 
tric light,  certain  objects  magnified  by  the 
microscope. 

ELECTROPHOTOGRAPHY.  Sec  Pho- 
tography. 

ELECTROPLATING,  the  art  of  plating 
or  covering  solid  objects  with  a  coating  oi 
metal  by  electro-deposition.  This  is  the  most 
common  method  of  applying  silver  or  gold  plate 
for  ornament,  or  copper  or  nickel  plate,  as  for 
rendering  an  article  more  durable.  Given  a 
solution  of  the  salts  of  a  metal,  say.  for  in- 
stance, sulphate  of  copper  (the  constituents  oi 
which  are  sulphuric  acid  and  copper  oxide),  in 
which  are  immersed  a  copper  plate  connected 
with  the  positive  pole  of  a  source  of  electro- 
motive force  and  a  metal  plate  connected  with 
the  negative  pole;  when  an  electric  current  is 
passed  through  the  solution  an  action  takes 
place  which  may  be  described  as  follows :  First, 
the  salt  is  decomposed  into  sulphuric  acid  and 
oxide  of  copper.  At  the  same  time  a  portion 
of  the  water  of  the  solution  is  also  decomposed 
setting  free  hydrogen  and  oxygen.  The  oxygen 
of  the  oxide  of  copper  is  drawn  to  the  negatiw 
pole,  where  it  unites  with  a  portion  of  the 
hydrogen  just  freed,  forming  water,  and  the 
metallic  copper  thus  set  free  is  deposited  un;- 
formly  on  the  negative  metal  plate.  Simul- 
taneously with  this  action  sulphuric  acid  awl 
oxygen  arrive  at  the  positive  plate,  where  the 
oxygen  unites  with  a  particle  of  the  copper 
plate,  forming  oxide  of  copper,  with  which  the 
sulphuric  combines,  forming  sulphate  of  cop- 
per; which  process  is  continued  as  long  as 
there  is  any  metal  left  in  the  positive  plate.  For 
each  atom  of  copper  thus  dissolved  at  the  posi- 
tive plate  another  is  set  free  at  the  negative 
plate.  Actions  analogous  to  these  underlie  all 
electroplating  and  electrotyping  operations.  If 
it  is  desired  to  deposit  nickel,  silver,  gold  or 
other  metal  on  the  object,  salts  of  those  metals 
instead  of  copper  will  be  used  in  the  solution 
or  bath,  as  it  is  termed. 

Silver  is  the  easiest  metal  to  use  in  plating, 
one  ampere  of  current  depositing  4.02  gram- 
of  metal  per  hour;  with  the  same  current  copper 
deposits  1.17  and  nickel  1.09  grams  per  hour. 
If  10  baths  are  worked  in  series  of  eight  hours  a 
day,  depositing  each  10  pounds  of  copper,  they 
will  require  4,830  amperes  of  current  all  the 
time;  and  with  copper  anodes  the  pressure  will 
be  about  16  volts  for  the  10  baths. 

The  art  of  electroplating  is  extensively 
practised.  The  current  for  the  decomposition 
of  the  electrolyte,  in  solution,  is  usually  sup- 
plied by  continuous-current  dynamo  machines 
which  are  specially  designed  to  give  large  cur- 
rents at  low  electromotive  force,  rarely  exceed- 
ing three  to  five  volts.  Sufficient  electromotive 
force  must  be  provided  to  decompose  the  solu- 
tion, hut  the  amount  of  chemical  decomnosition 
depends  altogether  on,  and  is  proportional  to, 
the  rate  or  amperage  of  the  current.  If  too 
hitfh  electromotive  force  is  employed  the  plating 
is  uneven  and  granular.  Storage  or  primary 
batteries  may  also  be  used  for  this  purpose. 
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and  are  so  used  for  planting  on  a  small  scale. 
Much  care  and  special  knowledge  is  required 
to  obtain  the  best  results  in  electroplating.  The 
process  is  begun  by  thoroughly  cleaning,  as  by 
pickling  and  scouring  the  article  to  be  plated 
to  remove  all  trace  of  oxide  or  other  impurity 
from  its  surface.  In  the  case,  for  instance,  of 
gold,  silver  or  nickel  plating  the  bath  or  solu- 
tion employed  by  some  electroplatcrs  consists 
of  100  parts  water,  10  of  cyanide  of  potassium 
and  1  of  the  cyanide  of  gold,  silver  or  nickel, 
as  the  case  may  be.  Plates  of  either  of  these 
metals  arc  suspended  in  the  bath  as  the  positive 
pole,  while  the  article  to  be  plated  is  suspended 
in  the  bath  as  the  negative  pole.  When  the 
plating  has  proceeded  to  the  desired  depth  or 
thickness  the  articles  are  taken  out  and  bur- 
nished. Such  parts  of  the  article  as  it  may  not 
be  desired  to  plate  are  covered  with  grease,  oil 
or  wax.  When  non-metallic  articles  are  to  be 
plated  they  arc  first  given  a  coating  of  wax, 
over  which  is  laid  a  film  of  powdered  plum- 
bago, upon  which  the  plating  then  takes  place. 

BLECTROPNEUMATIC  BLOCK 
SYSTEM.    See  Block  Signal  System. 

ELECTROPOION,  a  mixture  of  sulphuric 
acid,  bichromate  of  potash  and  water  used  as 
the  liquid  for  batteries  in  which  zinc  and  carbon 
are  the  poles.   See  Electric  Battery. 

ELECTROPYROMETER.  See  Pybom- 
eter. 

ELECTROSCOPE,  an  instrument  for  de- 
tecting or  determining  the  presence  of  elec- 
tricity upon  a  conductor,  and  showing  whether 
it  is  positive  or  negative.  It  has  many  forms, 
of  which  the  simplest  consists  of  pith  balls 
hanging  from  silk  threads  in  a  dry.  closed  glass 
case.  On  contacting  with  an  electrified  body 
the  piths  are  excited  and  swing  apart.  In  the 
gold  leaf  electrometer  there  is  a  wide-mouthed 
vial  stoppered  with  a  cork,  through  the  centre 
of  which  a  metal  rod  passes  into  the  middle  of 
the  vial.  There  is  a  brass  knob  at  the  top  of 
this  rod  and  its  lower  end  is  bent  or  hooked 
to  support  a  narrow  strip  of  gold  foil,  which 
is  folded  in  equal  lengths  over  the  hook.  When 
a  rubbed  glass  rod  is  brought  near  the  brass 
knob,  negative  electricity  is  attracted  and  posi- 
tive elect ricity  is  repelled  to  the  gold  leaves, 
which  diverge  by  reason  of  the  repulsion  of  the 
similar  electricity  on  the  leaves.  To  show  the 
kind  of  electricity  with  which  the  leaves  are 
charged,  or  with  which  another  body  may  be 
charged,  a  finger  is  placed  on  the  brass  knob 
while  yet  the  glass  rod  is  near  it.  This  allows 
the  positive  electricity  to  escape.  When  next 
the  finger  and  then  the  rod  are  removed  the 
negative  electricity  is  dispersed  over  the  gold 
leaf  system  and  the  leaves  again  diverge.  If 
now,  while  the  leaves  are  charged  with  negative 
electricity,  a  negatively  charged  rod  be  brought 
near  the  knob,  the  leaves  tend  to  diverge  still 
farther.  If  a  positively  charged  rod  is  used 
the  negative  electricity  in  the  leaves  is  at- 
tracted and  the  leaves  tend  to  collapse. 

Electroscopes  of  this  general  type  are  now 
utilized,  on  account  of  their  great  susceptibility 
to  the  presence  of  electricity,  to  detect  and 
measure  the  radioactivity  of  weakly  radiating 
substances  like  uranium  and  thorium,  advantage 
bring  taken  of  the  ionizing  properties  of  such 
substances  by  which  the  particles  of  gases  be- 
come carriers  of  electric  charges  propor'ional 
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to  the  radioactivity  of  the  substances.  For  this 
purpose  the  gold  leaf  system  is  placed  in 
metallic  connection  with  the  upper  plate  of  a 
small  air  condenser,  on  the  lower  plate  of  which 
is  spread  a  layer  of  the  radioactive  material. 
A  source  of  electromotive  force  is  connected 
with  the  lower  plate  and  the  movement  of  the 
gold  leaf  is  noted.  As  the  rate  and  extent  of 
this  movement  vary  with  the  radioactivity  of 
the  substance,  comparisons  can  be  rcadilv  made 
of  different  substances  or  with  a  standard.  See 
Electrostatics;  Electrometer. 

ELECTROSMELTING.  See  Electro- 
chemical Industries. 

ELECTROSTATICS,  that  branch  of  elec- 
trical science  dealing  with  electricity  at  rest,  or 
static;  opposed  to  electrodynamics,  which  deals 
with  electricity  as  a  force,  in  action.  In  the 
period  of  early  research  the  electrical  phe- 
nomena produced  by  friction  came  to  be  called 
static  electricity,  and  it  has  been  convenient  to 
retain  the  nomenclature,  although  it  is  recog- 
nized that  all  divisional  names  of  electricity  are 
arbitrary,  for  in  all  of  them  we  deal  with  the 
same  unknown  thing  whose  phenomena  we  ob- 
serve largely  through  its  high  vibrations.  The 
terms  free  electricity  and  atmospheric  electricity 
(q.v.)  were  formerly  much  used  to  describe  the 
electricity  which  we  recognize  as  resident  in  the 
air  and  clouds  above  us;  but  to-day  the  term 
static  electricity  is  the  one  most  commonly 
employed  to  describe  that  drawn  from  the  at- 
mosphere on  a  kite-string;  or  that  which  ac- 
cumulates in  a  pile  of  printing  paper  which  has 
been  subjected  to  some  frictional  contact  that 
causes  the  sheets  to  adhere  to  each  other;  or 
to  electrification  in  a  driving  belt  caused  by 
some  accidental  rubbing  in  the  course  of  its 
travel. 

The  first  discoveries  regarding  electricity 
were  regarding  its  static  qualities.  In  the 
handling  of  amber,  which  is  a  fossilized  vege- 
table resin,  it  was  found  to  display  peculiar 
phenomena  when  rubbed,  attracting  light  par- 
ticles of  matter.  This  phenomena  came  to  be 
called  electric,  after  Greek  elektron,  the  name 
for  amber.  Later  glass  was  found  to  display 
similar  yet  opposite  phenomena  on  being  rubbed, 
and  there  arose  the  terms  "vitreous"  and  "resin- 
ous" electricity,  for  the  sort  produced  by  rub- 
bint;  glass  or  amber  respectively,  and  which 
have  since  been  identified  as  simply  positive 
and  negative  electricity.  It  was  also  learned 
that  there  is  always  a  balance  maintained  be- 
tween positive  and  negative  electricity,  and 
that  the  development  of  a  given  amount  of  one 
means  an  equivalent  amount  of  the  other.  For 
a  fuller  description  of  the  development  of 
knowledge  regarding  frictional  electricity  which 
we  now  call  static  electricity,  sec  the  article  on 
Electric  Machine. 

An  understanding  of  induction  is  essential  to 
an  appreciation  of  static  electricity.  Static  in- 
duction is  the  production  of  an  electrical  charge 
upon  one  body  bv  another  bodv  that  is  statically 
charged  It  might  be  termed  electrical  influence. 

a 

If  the  circle  a  becomes  charged  by  friction, 
so   that   it   is   positively   and  electrostatically 


Digitized  by  Google 


212 


ELECTROTAXIS  —  ELECTROTHERAPEUTICS 


charged,  as  indicated  by  Uic  sign  +,  then  on 
being  brought  near  to  another  body  b,  the  near 
end  of  b  will  become  negatively  charged,  as 
indicated  by  the  minus  sign  — ,  and  the  far  end 
positively  +.  By  touching  b  with  the  finger 
the  electricity  may  be  drawn  off,  or  "earthed" 
or  "grounded,"  passing  through  the  body  of 
the  toucher  to  the  earth  if  he  is  not  insulated. 
The  electrophorus  is  the  simplest  device  for 
illustrating  this  principle  and  is  described  under 
Electric  Machine.  But  it  should  be  under- 
stood that  the  current  producible  by  a  static 
electric  machine  does  not  differ  from  that  of 
a  battery  or  a  dynamo,  except  that  it  is  naturally 
and  usually  much  less  in  quantity,  being  a  primi- 
tive form  of  apparatus.  From  these  early  ex- 
periments it  was  demonstrated  that  every  body 
positively  charged  repelled  another  body  of 
positive  charge;  and  any  negatively  charged 
body  repelled  another  negatively  charged  body, 
while  attracting  a  positively  charged  body.  It 
was  soon  apparent,  however,  that  the  forces  of 
attraction  and  repulsion  varied  greatly  when  the 
bodies  were  exposed  in  some  other  medium  than 
the  ordinary  atmospheric  air.  The  word  di- 
electric was  coinea  to  express  the  material 
medium  in  which  a  body  statically  charged  was 
located,  and  the  term  has  been  extended  by 
common  consent  to  mean  any  non-conductor,  as 
glass  or  mica.  A  static  machine  was  sometimes 
termed  a  dielectric  machine,  and  the  transmit- 
ting of  electric  forces  by  induction  instead  of 
conduction  was  dielectric;  while  the  power  of 
a  dielectric  to  resist  stress  caused  by  induction 
across  it,  as  measured  by  difference  of  potential 
necessary  to  break  through  in  a  violent  dis- 
ruptive discharge,  was  denominated  dielectric 
strength. 

Referring  again  to  the  positively  charged 
circle  a,  let  it  represent  a  sphere.  The  electric 
charges  it  has  been  determined  by  various  ex- 
periments are  on  the  outside  surface  of  the 
sphere  and  not  inside.  This  is  apparent  in  the 
case  of  a  cylinder  open  at  the  ends  through 
which  something  may  be  passed ;  and  also  in 
the  transferring  of  a  charge  on  a  globe  by 
enclosing  it  with  larger  hemispheres.  If  an 
electroscope  he  covered  by  a  wire  cage  and 
insulated  below  a  charge  may  be  brought  near 
or  in  actual  contact  without  any  disturbance  of 
the  sensitive  mechanism  of  the  instrument.  The 
surface  being  the  thing  affected,  it  becomes  ap- 
parent that  if  one  wishes  to  increase  the 
capacity  of  a  conductor,  as  a  trolley-wire,  the 
simple  way  is  to  increase  its  surface,  as  by 
making  it  twice  as  thick.  Capacity  may  also  be 
increased  by  filling  the  space  through  which  the 
lines  of  force  tend  to  pass  with  some  dielectric 
other  than  air,  as  with  petroleum,  mica  or  glass. 
Large  quantities  of  mica  are  so  used  in  elec- 
trical machinery. 

To  measure  the  force  of  electricity  obtained 
in  primitive  electric  experiments  a  delicate  in- 
strument was  necessary,  and  Coulomb  invented 
the  torsion  balance,  using  a  needle  suspended 
at  the  centre  of  its  gravity  by  a  very  fine  wire 
or  silk  thread,  etc.  A  minute  electrical  force 
of  repulsion  allowed  to  operate  against  one  end 
of  the  needle  so  as  to  twist  the  thread  was 
therefore  measurable  as  a  mechanical  force. 
This  principle  is  used  in  the  torsion  electrometer 
and  various  other  instruments.  Experimenting 
with  a  torsion  balance.  Coulomb  demonstrated 
that  the  transfer  of  statical  electricity  by  in- 


duction involved  an  expenditure  of  force,  the 
force  varying  inversely  as  the  square  of  the 
distance  of  the  centre  of  the  bodies  affected. 
See  Electric  Machine  —  j Uatic  Electric  Induc- 
tion Machine  and  Eleci  both ejlaplutics,  where 
various  static  machines  are  described  and 
illustrated. 

ELECTROTAXIS.    See  Electrocultuje 
of  Plants. 

ELECTROTHERAPEUTICS,    or  the 

treatment  of  disease  by  electricity,  began  to  be 
a  science  with  the  work  of  Duchcnne  of  Bou- 
logne. Working  chiefly  with  a  faradic  current 
he  determined  the  motor  points  of  the  various 
muscles  or  the  places  upon  the  skin  where  the 
application  of  the  current  produces  contrac- 
tion of  the  individual  muscles.  And  for  a  long 
time  the  testing  and  treatment  of  paralysed 
muscles  was  the  principal  function  of  the  elcc- 
trotherapcutist.  The  burning  and  sometimes  fa- 
tal effect  of  lightning  had  always  been  known 
and  our  countryman  Benjamin  Franklin  had 
charged  a  Leydcn  jar  w  th  electricity  collected 
from  the  clouds  during  a  thunder  storm.  Frank- 
lin, after  whom  static  electricity  is  denominated 
Franklinic  electricity,  was  among  the  first  to  ex- 
periment with  the  shocks  and  muscular  contrac- 
tions produced  by  static  electricity. 

One  of  the  types  of  electricity  employed 
in  electrotherapeutics  and  elcctrodiagnosis  is 
Galvanic  or  Voltaic  electricity  or  ttie  constant 
direct  current.  This  is  obtained  from  a  voltaic 
battery  or  from  a  storage  battery,  or  from  the 
direct  current  electric  light  circuit  (suitably 
controlled)  or  from  the  alternating  current 
electric  light  circuit  employed  to  actuate  a  motor 
generator  of  direct  current. 

For  various  purposes  the  strength  of  the  cur- 
rent may  be  regulated  in  the  case  of  a  battery 
by  selecting  the  proper  number  of  cells,  and  in 
the  case  of  the  other  sources  of  voltaic  currents 
by  rheostats  or  variable  resistances  placed  in 
the  path  of  the  current  or  by  volt  controllers. 
The  latter  regulate  the  voltage  at  the  terminals 
applied  to  the  body  by  offering  the  current  a 
side  path  of  variable  resistance  through  which 
a  greater  or  less  part  of  the  current  may  pass. 
A  milliamperemeter  to  show  the  strength  of 
current  traversing  the  patient  is  essential.  For 
many  purposes  the  current  should  have  such 
or  such  a  strength ;  and  for  all  kinds  of  electro- 
diagnosis  we  must  be  able  to  determine  the 
strength  of  current  required  to  produce  certain 
physiological  effects.  Conducting  cords  or 
flexible  insulated  wires  pass  from  the  control 
table  to  electrodes  in  contact  with  the  patient. 
The  simplest  example  is  a  flat  metal  d'sk  cov- 
ered with  fabric  wet  with  a  dilute  solution  of 
bicarbonate  of  sodium,  preferable  to  salt  which 
discolors  the  metal,  and  provided  with  an  in- 
sulated handle.  Some  other  electrodes  are  a 
needle  in  an  insulated  handle;  a  carbon  plate 
covered  with  a  wet  pad  in  a  non-conduct;n? 
tray  partly  filled  with  bicarbonate  of  sodium 
solution ;  a  metal  plate  in  an  insulated  bath- 
tub of  water;  a  metal  sheet  thickly  covered 
with  damp  clay;  or  a  bare  metal  cylinder  which 
may  be  grasped  in  the  hand.  The  galvanic  or 
voltaic  current  is  a  bipolar  application,  passing 
through  the  patient's  body  between  two  senarate 
electrodes,  one  the  anode  from  the  positive  and 
the  other  the  cathode  from  the  negative  pole 
of  the  battery  or  other  generator.     A  switch 
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is  essential  for  turning  the  current  on  or  off. 
A  pole  changer  alters  the  polarity  of  the  elec- 
trodes by  changing  the  connections  at  the  con- 
trol table  by  simply  turning  a  switch.  A  pole 
detector  is  a  necessary  apparatus  and  a  con- 
venient one  contains  a  colorless  liquid  which 
changes  to  red  at  the  negative  terminal. 

Effects  of  the  Galvanic  Current. —  One 
important  effect  is  muscular  contraction.  This 
does  not  occur  during  the  uniform  passage 
of  the  current,  but  at  the  moment  of  any  great 
variation  in  the  strength  of  the  current,  as  when 
a  strong  current  is  suddenly  turned  on  or  off. 
If  the  current  were  gradually  increased  from 
zero  to  the  same  maximum,  no  muscular  con- 
traction would  result.  In  electrodiagnosis  one 
electrode  is  called  the  indifferent  one  and  is 
placed  at  some  place  remote  from  the  region 
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under  examination.  The  other,  active,  electrode 
is  applied  to  the  skin  either  over  the  nerve  at 
the  place  where  the  nerve  is  nearest  the  sur- 
face, or  over  the  muscle  at  the  place  where  the 
motor  nerve  enters  the  muscle.  These  two 
places  are  called  the  motor  points  for  the  nerve 
and  muscle  respectively,  because  at  these  the 
application  of  electricity  is  most  effective  in 
producing  muscular  contraction.  Figure  1  from 
a  standard  text-book  is  a  chart  of  the  motor 
points  in  the  arm  and  is  used  as  a  guide  in  elec- 
trodiagnosis or  treatment.  The  threshold  of 
excitability  is  the  weakest  strength  of  current 
which  when  suddenly  turned  on  or  off  will  cause 
muscular  contraction.  The  reaction  of  denen- 
eration  takes  place  in  many  cases  of  paralysis 
and  indicates  a  degeneration  in  the  substance 


of  the^ motor  neuron  itself.  It  occurs  in  polio- 
myelitis, labioglossopharyngcal  paralysis,  and 
paralysis  accompanied  by  lesions  of  the  motor 
roots  or  of  the  motor  nerves.  In  its  complete 
form  there  is  (1)  abolition  of  galvanic  and 
faradic  excitability  of  the  nerve;  (2)  abolition 
of  the  faradic  excitability  of  the  muscle;  (3) 
hyper  or  hypocxcitability  of  the  muscle  with  or 
Without  inversion  of  the  normal  formula, 
C»  C  C  >  C  C;  (normally  cathode  closure 
contracture  exceeds  the  anode,  positive,  closure 
contracture)  but  the  muscular  contraction  is 
slow  instead  of  the  normal  sharp  jerk.  The 
presence  of  the  reaction  of  degeneration  shows 
what  nerves  arc  affected  and  to  what  extent; 
and  the  return  to  a  normal  reaction  indicates 
progress  toward  recovery  of  voluntary  muscu- 
lar power. 

The  auditory  reactions  to  the  appli- 
cation of  electricity  form  a  very  delicate 
and  important  means  of  the  diagnosis 
of  lesions  in  the  labyrinth  of  the  ear. 
For  example,  one  of  the  normal  re- 
actions is  obtained  when  an  electrode  is 
placed  in  front  of  the  tragus  .of  each 
ear  and  a  galvanic  current  is  applied 
The  patient  feels  dizzy  and  the  outside 
world  seems  to  be  moving  toward  the 
cathode  and  the  head  is  inclined  toward 
the  anode.  He  may  see  sparks  before 
the  eyes  and  hear  a  noise  in  the  ears, 
and  if  the  current  is  quite  strong  there 
is  nystagmus  or  oscillation  of  the  eye- 
balls. 

A  sensation  of  taste  accompanies  any 
application  inside  the  mouth  and  often 
applications  to  other  parts  of  the  face. 

The  heating  effect  of  electricity  is 
well  known  but  suitable  galvanic  cur- 
rents are  so  weak  that  the  sensation  of 
warmth  or  even  the  reddening  of  the 
skin  in  contact  with  the  electrode  is 
usually  due  to  electrolysis  and  not  to 
the  frictional  resistance  to  the  passage 
of  the  current.  Very  heavy  galvanic 
currents  of  over  100  milliampercs,  ap- 
plied inside  the  uterus  in  the  Apostoli 
treatment  for  fibroid  tumors,  did  pro- 
duce a  great  deal  of  heat  but  treatment 
by  radiotherapy  (X-ray  and  radium)  is 
now  more  usual. 

Gal  van  o-  cautery .  —  Instruments 
which  arc  connected  with  both  poles  of 
the  battery  so  that  no  current  passes 
through  the  patient,  are  arranged  so 
that  a  certain  part  becomes  red  hot 
owing  to  the  passage  of  a  heavy 
current  through  a  thin  metal  strip  in  the  same 
wav  that  the  filament  in  an  electric  light  bulb 
is  heated  by  the  passage  of  the  current.  Only 
the  portion  which  is  to  be  applied  to  the  diseased 
surface  becomes  appreciably  hot  because  the 
conducting  wires  are  larger  and  capable  of 
transmitting  the  current  with  less  resistance. 
Familiar  examples  of  galvano-cautcrization  arc 
in  the  treatment  of  growths  in  the  nose  and 
larynx. 

Electrolysis  is  an  effect  of  the  passage  of  a 
constant  current  through  an  electrolyte  such 
as  the  human  body.  A  chemical  compound  such 
as  water  is  separated  into  its  elements  such 
as  hydrogen  and  oxygen,  and  in  the  case  of  the 
human  body  an  accumulation  of  sodium  hy- 
drate and  a  liberation  of  oxygen  take  place  at 
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the  negative  electrode  and  an  accumulation  of 
hydrochloric  acid  and  a  liberation  of  oxygen 
at  the  point  of  contact  with  the  positive  elec- 
trode. If  the  negative  electrode  is  a  fine  needle 
thrust  into  a  hair  follicle,  a  current  of  about 
four  milliampercs  causes  a  liquefaction  of  the 
tissues  and  loosening  of  the  hair,  the  root  of 
which  may  Ik-  permanently  killed.  A  needle 
connected  with  the  positive  pole  of  the  battery 
would  stick  fast  and  could  not  be  withdrawn 
until  a  negative  current  had  been  turned  on 
for  a  short  time  to  loosen  it  bv  liquefying  the 
tissue  around  it.  The  onoda!  needle  has  a 
coagulating  effect.  Electrolysis  is  employed  also 
for  the  destruction  of  warts,  birth-marks  and 
keloids,  in  the  treatment  of  strictures  of  the 
urethra  and  oesophagus  and  such  lesions  as 
anthrax. 

For  most  of  these  cases  the  "indifferent" 
electrode  is  a  sponge  electrode  held  in  the 
patient's  hand;  but  for  a  more  extensive 
destruction  of  tissue,  needles  connected  with 
each  pole  of  the  generator  are  used  and  the 
needles  are  near  enough  together  for  all  the 
intervening  tissue  to  be  destroyed.  Rhy- 
nophynia,  a  bulbous  swelling  of  the  nose,  is  re- 
moved in  this  way. 

Iontophoresis,  including  Cataphoresis  and 
Anaphoresis. —  A  galvanic  current  tends  to 
separate  the  electrode  itself  or  the  solution 
with  which  it  is  moistened  into  ions  and  to 
earn,"  these  into  the  tissues,  iontophoresis. 
Metals  and  alkalis  are  carried  toward  the 
negative  electrode  or  cathode  and  the  introduc- 
tion of  these  ions  by  an  electric  current  is 
called  cataphoresis.  For  example  the  positive 
electrode  may  be  moistened  with  a  solution  of 
a  cocaine  salt  and  the  cocaine  will  penetrate  the 
tissues ;  they  leave  the  anode  and  pass  toward 
the  cathode  but  their  anesthetic  effect  is  upon 
the  tissues  into  which  thev  first  penetrate. 

Some  of  those  who  have  experimented  most 
with  iontophoresis  assert  that  it  is  a  more  re- 
liable way  of  administering  many  drugs,  than 
giving  them  either  bv  the  stomach  or  hypo- 
dermically.  Two  rabbits  were  experimented 
upon  by  Lcduc,  as  in  Fig.  2.  Rabbit  A  died 
with  symptoms  of  strychnine  and  rabbit  B  of 


Pig.  2. 

cyanide  poisoning.  Two  other  rabbits  were 
subjected  to  the  same  experiment  except  that 
the  direction  of  the  current  was  reversed  so  that 
the  strychnine  ions  did  not  tend  to  enter  rabbit 
A,  nor  the  cyanions  the  rabbit  B,  and  neither 
was  poisoned. 

Another  example  of  cataphoresis  is  electric 
ionization  of  the  root  canals  of  devitalized 
teeth.  The  positive  active  electrode  may  be  a 
zinc  needle  moistened  with  a  solution  of  a  zinc 
salt.  The  method  is  cmnlovcd  to  remove  in- 
fection from  the  root  canal  and  the  area  of  the 
jaw  around  the  apex  of  the  root. 

Vcrv  extensive  destruction  of  cancerous 
tissue  is  accomplished  by  the  introduction  of 
metallic  ions  from  large'  zinc  needles  amalga- 


mated with  mercury  and  connected  with  the 
positive  pole  while  the  patient  lies  upon  the 
large  indifferent  negative  electrode. 

Anaphoresis  or  the  introduction  of  acid 
radicals  which  the  current  carries  toward  the 
anode,  is  illustrated  by  the  introduction  of 
salicylic  ions  from  a  cathode  wet  with  a  solu- 
tion of  sodium  salicylate,  in  rheumatism  and 
neuralgia. 

The  old  theory  about  the  use  of  electricity 
in  paralysis  was  that  the  involuntary  contrac- 
tions produced  by  the  abrupt  makes  and  breaks 
of  the  galvanic  current  and  especially  as  we 
shall  sec  later  by  the  faradic  current,  tended 
to  maintain  the  nutrition  of  the  paralysed 
muscles  until  regeneration  of  the  nerve  took 
place.  Certainly  the  patient  and  friends  could 
see  that  something  was  happening  during  the 
application.  It  is  doubtful  whether  the  con- 
tractions accomplish  this  and  in  some  cases  of 
paralysis  it  is  thought  that  the  contracture  or 
permanent  shortening  of  some  muscles,  difficult 
or  impossible  to  overcome  by  manipulation,  may 
be  aggravated  by  electrical  treatment  of  a 
nature  to  produce  marked  muscular  movements 
The  passage  of  the  galvanic  current  itself  has 
a  tendency  to  maintain  the  nutrition  of  the 
muscles  and  to  aid  in  the  regeneration  of  the 
nerves.  And  by  means  of  the  apparatus  in 
Fig.  3,  a  galvanic  current  sufficiently  strong  to 
produce  the  maximum  benefit  may  be  applied 
without  the  disadvantage  of  electrolysis  and 
possible  skin  irritation  at  the  electrodes  and 
especially  without  any  noticeable  muscular  con- 
tractions. 

This  current  is  a  slow  sinusoidal  current  or 
a  rythmically  varied  galvanic  current  increasing 
from  zero  to  a  certain  maximum,  18  or  20  mil- 
liampercs in  one  direction;  then  gradually  de- 
creasing to  zero*  then  changing  polarity  and 
gradually  increasing  to  18  or  20  milliampercs; 
then  gradually  decreasing  to  zero  where  the 
polarity  again'  changes.  About  25  such  cycles 
occur  each  minute  under  the  influence  of  a 
variable  rheostat  and  pole  changer  actuated  by 
an  electric  motor.  This  type  of  current  is  use- 
ful in  paralysis  from  poliomyelitis  and  aoonlcxy 
and  also  as  a  general  tonic  in  many  debilitated 
conditions  and  also  in  cases  with  vertigo  from 
affections  of  the  cerebral  or  cerebellar  circula- 
tion. 

Another  effect  of  the  galvanic  current  is  to 
stimulate  the  secretion  of  glands.  Another  is 
to  promote  the  return  of  sensation  in  paralysis 
of  a  sensory  nerve.  Bv  its  sclerolvtic  effect  it 
aids  in  the  treatment  of  pleuritic  adhesions  and 
of  anchylosis  or  joints  stiffened  bv  some  previ- 
ous inflammatory  condition.  Galvanic  elec- 
tricity has  a  sedative  or  calmine  effect  valuaMe 
in  many  general  d;sorders  and  this  effect  is 
often  best  produced  bv  hydroelectric  baths. 
Its  analgesic  effect  makes  it  valuable  in  the 
treatment  of  neuritis  and  neuralgia. 

Faradic  electricity  is  made  up  of  alternating 
currents  induced  in  a  coil  with  manv  turns  of 
insulated  wire  surrounding  a  coil  with  few 
turns  of  wire  through  which  passes  a  current 
rapidly  made  and  broken  by  a  vibrating  inter- 
rupter. The  faradic  current  is  of  very  small 
electrical  quantity  as  measured  by  its  heating 
effect.  A  couple  of  dry  cells  mav  supply  the 
current  for  a  portable  faradic  coil  but  for  an 
office  equipment  the  electric  light  circuit  suit- 
ably controlled  is  best  because  it  docs  not  re- 
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quire  renewal  and  affords  also  power  for  the 
galvanic,  galvanofaradic  and  sinusoidal  cur- 
rents. It  produces  marked  muscular  contrac- 
tion of  a  tetanic  type  continuous  during  the 
entire  time  the  current  is  applied,  not  merely 
at  the  beginning  and  end  as  with  a  galvanic 
current. 

Two  electrodes  are  necessary  for  applying 
the  faradic  current;  one  of  which  may  be  at  an 
indifferent  place.  And  in  contrast  with  the 
galvanic  current  there  is  usually  no  difference 
in  the  effect  of  the  two  electrodes,  practically 


Fic.  3. 

■  ii.usoi'lal  Apparatus,  gradually  and  rythmically  changing 
the  polarity  and  strength  of  a  galvanic  current. 

no  polarity.  Testing  the  faradic  excitability  of 
a  muscle  or  nerve  is  an  important  part  of 
electrodiagnosis,  but,  as  explained  above,  the 
treatment  of  paralysis  through  involuntary 
muscular  movements  induced  bv  faradic  stimu- 
lation is  not  always  best.  Faradic  currents 
from  a  secondary  coil  with  a  comparatively 
small  number  of  turns  and  a  slowly  vibrating 
interrupter,  are  more  effective  in  producing 
muscular  contractions,  and  a  great  many  turns 
of  wire  in  the  coil  and  very  rapid  interruptions 
are  best  for  producing  a  sedative  effect  upon 
neuralgic  nerves. 

There  are  several  other  effects  of  faradic 
electricity.  As  a  general  stimulant  it  is  used 
in  debility  from  any  cause.  As  an  excito-motor, 


the  Bcrgonie  method  is  used  for  the  treatment 
of  obesity  by  producing  marked  muscular  con- 
tractions without  any  effort  on  the  part  of  the 
patient.  Straps  or  weights  prevent  excessive 
movement  of  the  patient's  limbs.  As  a  sensory- 
stimulant  it  is  used  in  sensory  paralysis.  It 
stimulates  the  secretion  of  glands.  It  is  re- 
vulsive or  counterirritant  in  the  later  stages  of 
inflammatory  processes.  Lumbago  may  be 
treated  by  applying  faradic  electricity  with  a 
dry  wire  brush  electrode.  It  is  excito-nutritive 
and  tonic  as  a  hydroelectric  bath,  in  such  dis- 
eases as  gout,  diabetes,  obesity-,  neurasthenia, 
convalescence  from  a  long  illness,  and  muscular 
atrophies.  And  the  same  baths  are  useful  in 
combating  various  toxaemias.  It  may  be  used 
as  a  sedative. 

The  same  conducting  cords  and  electrodes 
may  transmit  to  the  patient  a  combination  of 
faradic  and  galvanic  current,  in  series;  the 
De  Wattcville  or  galvano-faradic  current. 

Galvano- faradic  or  De  Watteville  currents 
are  applied  by  connecting  a  faradic  and  a  gal- 
vanic apparatus  in  series  with  a  conducting  cord 
leading  from  one  pole  of  each  to  the  different 
parts  of  the  patient.  One  example  of  its  use 
is  in  the  treatment  of  spasmodic  constipation. 
Large  electrodes  are  over  the  abdomen  and 
back;  the  faradic  coil  has  many  turns  and  the 
interruptions  are  rapid,  producing  very  slight 
muscular  contractions ;  and  the  galvanic  current 
is  quite  a  strong  one,  perhaps  30  milliampercs. 

Sinusoidal  currents  are  so  called  because  the 
graphic  curve  in  which  forward  motion  repre- 
sents time  and  up  or  down  motion  represents 
strength  and  direction  of  the  current  makes  a 
sine  wave.  In  effect  it  is  an  alternating  current 
varying  gradually  as  described  in  one  of  the 
paragraphs  on  galvanic  electricity,  but  these 
gradual  alternations  may  be  of  any  desired 
number  up  to  1,800  per  minute.  The  alternating 
electric  light  current  is  a  sinusoidal  current  of 
1,800  cycles  per  minute  and  controlled  bv  a 
suitable  rheostat  it  can  be  used  for  treatment. 
The  apparatus  previously  referred  to  and  shown 
in  Fig.  2  is  used  for  changing  the  direct  to 
a  sinusoidal  current  of  from  12  to  120  alterna- 
tions per  minute.  It  is  useful  as  a  local  and 
general  tonic  application  in  a  wide  range  of 
chronic  general  and  local  disease  characterized 
by  debility  congestion,  motor  atony  and  pain. 
It  is  applied  from  the  same  kind  of  electrodes 
as  the  galvanic  current. 

Static  Electricity. —  Lightning  is  an  example 
of  a  discharge  of  static  electricity  and  so  is 
the  spark  which  we  produce  bv  shuffling  our 
feet  on  the  woolen  carpet  as  we  cross  the  room 
in  winter  and  then  touch  another  person  or  a 
metallic  object.  A  charge  of  static  electricity 
upon  a  hard  rubber  comb  rubbed  over  our  hair 
or  over  wool  or  fur  causes  the  comb  to  attract 
small  light  objects  to  it.  By  suitable  means 
any  object  may  be  given  either  a  positive  or  a 
negative  static  charge.  Similar  charges  repel 
each  other  and  unlike  charges  attract,  and  if 
the  charged  bodies  are  light  and  freely  move- 
able, they  will  come  together  in  the  latter  case 
and  the  two  charges  be  more  or  less  completely 
neutralized  with  an  accompanying  discharge 
which  would  be  a  loud  spark  between  two  large 
metal  balls,  or  a  silent  and  almost  invisible 
brush  discharge  between  two  sharp  metal  points. 
Static  electricity  is  of  small  quantity  but  of 
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such  high  voltage  that  it  tends  to  escape  from 
a  charged  body ;  in  fact  no  body  can  be  chareed 
at  all  unless  it  is  more  or  less  insulated.  Con- 
densers are  sheets  of  metal  separated  from 
contact  with  each  other  by  sheets  of  glass  or 
some  other  insulating  material.  One  metal  sheet 
is  charged  from  one  pole  of  a  static  machine 
and  the  other  is  charged  from  the  other  pole. 
Owing  to  the  great  attraction  which  charees 
of  the  two  opposite  polarities  have  for  each 
other,  when  in  such  close  proximity  each  will 
receive  a  much  greater  charge  than  it  could 
contain  separately.  And  if  both  are  discon- 
nected from  the  source  of  electricity  the  two 
opposite  charges  are  actually  self  retaining,  so 
that  either  can  be  touched  by  a  conductor  with- 
out losing  its  charge;  but  if  a  person  touches 
both  of  the  metal  coatings  at  one  time  he  re- 
ceives a  loud  spark.  Leyden  jars  with  a  dozen 
or  more  square  inches  of  condensing  surface 
arc  charged  with  a  very  small  quantity  of  high 
tension  electricity  from  a  static  machine  and 
their  discharge  is  used  in  electrotherapy  under 
the  name  of  the  static  induced  current.  A  single 
electrode  passes  to  the  patient  from  the  outer 
coating  of  a  Leyden  jar  whose  inner  coating  is 
connected  with  one  pole  of  the  static  machine. 
The  outer  coating  of  the  Leyden  jar  at  the 
other  pole  is  grounded  (has  a  metallic  connec- 
tion with  the  earth).  The  patient  need  not  be 
insulated.  The  distance  between  the  discharging 
rods  determines  the  voltage  and  consequently 
the  degree  of  effect  upon  the  patient.  A  wide 
separation  of  the  discharging  rods  makes  the 
static  induced  current  suitable  only  for  the  ap- 
plication of  sparks  which  are  powerfully  stimu- 
lant to  both  striated  and  smooth  muscles  and 
to  all  other  tissues. 

Condensers  having  a  great  many  square 
inches  of  condensing  surface  interleaved  like 
a  book  may  be  charged  from  the  two  poles  of 
a  galvanic  battery.  They  receive  a  very  large 
charge  at  a  low  voltage ;  and  when  they  are 
discharged  through  the  human  body  they  pro- 
duce marked  muscular  contraction.  Since  the 
capacity  of  the  condenser  and  the  voltage  to 
which  it  is  charged  can  be  regulated,  these  low 
tension  condenser  discharges  form  a  very  exact 
means  of  clectrodiagnosis.  They  may  be  used  for 
treatment  chiefly  of  paralysis,  and  for  some  of 
the  same  purposes  as  the  static  induced  current. 

The  modern  static  machine,  also  called  an 
influence  machine,  has  its  initial  charge  pro- 
duced by  friction  upon  a  revolving  glass  plate. 
This  is  communicated  to  other  glass  or  mica 
or  fibre  plates  arranged  in  such  a  manner  that  as 
thev  revolve  the  mutual  attractions  of  positive 
and  negative  static  charges  separated  bv  insulat- 
ing disks,  result  in  the  accumulat;on  of  very 
strong  charges  at  the  two  poles  of  the  machine. 

Static  insulation  or  the  static  bath  is  ap- 
plied by  connecting  one  pole  of  the  machine 
with  an  insulated  platform  upon  which  the 
patient  is  seated.  A  static  breeze  is  a  silent, 
almost  invisible  discharge  from  a  metal  crown 
with  sharp  points  connected  with  one  pole  of 
the  machine,  suspended  within  6  or  12  inches 
of  the  patient.  The  effect  is  increased  if  at  the 
same  time  the  patient  is  insulated  and  receiving 
a  static  bath  from  the  other  pole  of  the  ma- 
chine. Static  sparks  arc  applied  by  bringing 
near  any  part  ot  the  patient,  either  clothed  or 
not,  a  metal  ball  having  an  insulating  handle 


and  connected  by  a  flexible  conductor  with  one 
pole  of  the  machine.  Here,  again,  the  effect  is 
intensified  if  the  patient  is  insulated  and  receiv- 
ing a  static  bath  from  the  other  pole. 

The  static  induced  spark  is  described  in 
another  paragraph. 

The  Morton  wave  current  is  a  bipolar  appli- 
cation from  the  two  poles  of  the  machine  by 
two  wet  electrodes  which  make  a  very  perfect 
contact  with  the  patient  to  avoid  any  spark 
effect.  The  patient  had  better  be  upon  an  in- 
sulated platform.  The  discharging  rods  of  the 
machine  arc  only  a  fraction  of  an  inch  apart. 
The  greater  their  distance,  the  more  powerful 
and  even  intolerable  the  effect  becomes. 

Every  possible  connection  with  and  without 
Leyden  jars  has  been  used  in  treatment.  The)' 
all  have  distinctive  names  but  the  arrangements 
described  arc  the  most  important. 

Effects  of  Static  Electricity.— A  single 
spark  produces  a  muscular  contraction  and  a 
sensation  of  local  shock  which  is  not  very  dis- 
agreeable. It  is  applied  by  striking  at  but  not 
touching  the  patient  with  the  insulated  metal 
ball  and  quickly  withdrawing  it;  somewhat  the 
motion  of  cracking  a  whip.  A  dozen  separate 
loud  sparks  applied  along  the  spine  are  easily 
received  by  the  most  sensitive  patient.  But  it 
is  a  very  different  matter  when  the  ball  elec- 
trode is  held  near  the  skin  and  a  steady  stream 
of  sparks  is  applied  at  one  place.  That  is 
intolerable  Static  sparks  are  used  as  a  general 
tonic  in  debilitated  states  and  as  a  counter- 
irritant  for  removing  any  old  inflammatory 
products.  They  are  not  suitable  for  electro- 
diagnosis  or  for  the  treatment  of  paralysis. 
The  static  bath  is  a  general  tonic  in  debilitated 
states  including  convalescence  from  illness  or 
operation  and  exhaustion  from  the  care  and 
anxiety  attendant  upon  the  illness  of  some  dear 
one.  It  is  excellent  in  neurasthenia  and  in 
insomnia.  It  is  frequently  combined  with  the 
static  head  breeze,  and,  except  for  insomnia, 
with  the  application  of  sparks  along  the  spine. 
The  static  induced  current  has  effects  similar 
to  those  of  the  wave  current  but  less  useful 

Morton's  wave  current  produces  a  succession 
of  muscular  contractions  which  should  be 
slight.  It  is  of  value  in  relieving  hyperemia  and 
swelling  and  pain,  and  is  used  in  the  treatment 
of  a  great  many  chronic  conditions  in  which 
these  are  prominent  symptoms. 

High  Frequency  Currents.—  When  a  con- 
denser is  discharged  by  touching  its  two  metal 
surfaces,  the  result  is  not  an  immediate  change 
to  an  uncharged  condition  in  each  metal  sur- 
face. Taking  the  surface  that  was  positively 
charged  we  find  that  its  charge  drops  not  only 
to  zero  but  to  a  certain  distance  on  the  nega- 
tive side  then  back  to  zero  and  a  certain  lesser 
distance  in  a  positive  direction  and  so  through 
thousands  of  oscillations  in  a  small  fraction  of 
a  second  it  comes  to  rest  at  zero.  The  oscilla- 
tions are  analogous  to  the  vibrations  of  a  piano 
wire  after  being  pulled  out  of  a  straight  line 
and  released.  The  static  induced  current  is  the 
simplest  example  of  a  high  frequency  current 
but  the  discovery  of  the  D'Arsonval  current 
and  of  the  resonator  current  has  lately  added 
a  method  of  wonderful  value. 

The  D'Arsonval  current  mav  be  obtained 
from  an  induction  coil,  static  machine  or  trans- 
former, capable  of  producing  sparks  four  to 
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eight  or  more  inches  long.  The  two  poles  are 
connected  with  the  inner  coatings  of  two  Ley- 
den jars  whose  outer  coatings  are  connected 
with  the  extremities  of  a  solenoid  or  cylindrical 
spiral  of  perhaps  20  turns  of  coarse  wire  about 
l/2  inch  apart.  Conducting  cords  lead  to  the 
patient  from  each  of  the  extremities  of  the 
solenoid  or  from  anv  two  turns  of  it.  Th? 
apparatus  but  not  its  connection  with  the 
patient  is  similar  to  that  shown  in  Fig.  4. 

The  inner  coatings  of  the  two  Leyden  jars 
are  oppositely  charged  and  are  connected  with 
the  terminals  of  a  spark  gap  of  adjustable 
length  or  preferably,  an  adjustable  number  of 
short  spark  gaps  in  series.  With  each  impulse 
from  the  induction  coil,  the  Levden  jars  are 
charged  to  such  an  extent  that  a  discharge  of 
their  inner  coats  occurs  through  the  spark 
gap.  This  releases  the  opposite  charges  in  the 
outer  coatings  of  the  two  Leyden  jars  and 
their  high  frequency  discharge  passes  partly 
through  the  solenoid  and  partly  through  the 
parallel  path  formed  by  the  patient's  body. 

One  would  suppose  that  with  each  dis- 
charge of  the  Leyden  jars  the  current  would 
almost  all  pass  through  the  solenoid  which  is  a 
relatively  short  length  of  thin  wire  whose 
resistance  measured  in  ohms  is  trifling  com- 
pared with  that  of  the  human  body.  There  is 
however,  a  counter-electromotive  force  gene- 
rated in  a  coil  of  wire  at  the  making  of  the 
current  which  adds  a  great  inductive  resistance 
to  the  passage  of  the  current  and  increases 
enormously  the  percentage  of  the  current  which 
will  pass  through  any  other  path  open  to  it. 
The  current  passing  through  the  patient  may  be 
measured  bv  a  hot  wire  milliampcremcter  and 
may  be  all  'the  way  from  50  to  1,000  or  more 
milliampcrcs.  It  is  also  a  current  of  much 
higher  voltage  than  the  galvanic  and  the  fact 
that  it  docs  not  cause  muscular  contraction  or 
a  shock  of  any  k;nd  is  due  to  its  very  rapid 
oscillations,  a  million  or  more  per  second. 
The  motor  nerves  respond  actively  to  alterna- 
tions of  20  to  2,000  or  3,000  per  second  but  are 
inert  in  the  presence  of  much  higher  than 
5.000  oscillations  per  second.  The  oscillatory 
character  of  the  current  prevents  the  elec- 
trolysis which  would  render  a  constant  cur- 
rent of  1.000  miil:ampcrcs  intolerable.  One 
principal  effect  of  the  passage  of  the  D'Ar- 
sonval current  through  the  tissues  is  the  pro- 
duction of  heat  in  the  tissues  themselves  by 
ohmic  resistance  of  the  same  nature  as  the 
production  of  heat  by  a  current  passing  through 
a  galvano-cautcry  v.-irc  or  throueh  the  filament 
of  an  electric  licht  bulb  Whether  all  the 
other  effects  are  due  to  this  generation  of  heat 
or  whether  some  are  due  to  direct  stimulation 
of  the  tissue  cells,  is  uncertain  Lut  the  effects 
themselves  are  of  the  greatest  value  in 
therapeutics.  D'Arsonval  hii;h  frequency  cur- 
rents of  moderate  milliampercagc  may  be  ap- 
plied by  two  wet  electrodes  or  by  bare  metal 
electrodes;  or  by  one  glass  electrode  and  a 
glass  vacuum  bulh  or  by  atitorondcnsation. 
Diathermy  (or  less  properly  called  thermopene- 
tration) is  simply  a  D'Arsonval  high  frequency 
current  of  very  great  miHiamoereage  tcnd'ng 
consequently  to  produce  a  great  deal  of  heat  in 
the  tissues.  Two  metal  electrodes  may  be  ap- 
plied to  a  piece  of  raw  meat  and  after  the  cur- 
rent has  passed  through  for  some  time,  the 


meat  will  be  found  to  be  cooked  all  the  way 
through.  The  electrodes  themselves  do  not 
become  too  warm  to  be  touched  by  the  finger  — 
are  not  warm  at  all  until  contact  is  made  with 
the  meat.  This  is  the  nnderlving  principle  of 
the  Deforest  Cold  Cautery  which  is  suited  to 
all  the  purposes  of  a  hot  metal  cautery. 


Diathermy  may  be  applied  by  two  wet  elec- 
trodes, for  instance  at  opposite  sides  of  a  joint, 
for  producing  a  local  effect.  Or  it  may  be  used 
for  producing  a  constitutional  effect  by  means 
of  Auto  condensation.  One  conducting  wire 
passes  to  a  very  large  metal  surface  close  to 
the  patient's  body  but  separated  from  it  by  a 
thick  sheet  of  some  complete  and  impenetrable 
nonconductor  The  patient  may  hold  one  or 
more  metal  terminals  from  the  other  pole  of 
the  D'Arsonval  apparatus  or  may  be  in  close 
proximity  to  a  second  insulated  surface  charged 
from  the  other  pole.  During  the  application 
currents  of  high  frequency,  medium  tension 
and  high  milliampereage  (about  1,000)  surge 
through  the  patient's  body.  The  application 
produces  very  little  sensation  except  a  slight 
warmth  and  no  shock  or  muscular  contraction. 
The  metal  terminal  must,  however,  be  grasped 
before  the  current  is  turned  on  and  not  re- 
leased during  the  flow  of  the  current.  Other- 
wise the  patient  will  receive  a  succession  of  ex- 
ceedingly hot  sparks. 

High  Frequency  Resonator  Discharges. — 
The  Oudin  resonator  shown  in  Figure  5  is  an 
apparatus  for  this  purpose.  The  outer  coat  of 
one  of  the  two  Leyden  jars  is  connected  with 
the  end  of  a  wire  spiral  and  the  outer  coat  of 
the  other  with  some  part  of  the  spiral  between 
its  two  ends.  With  each  discharge  of  the  Ley- 
den jars,  a  current  passes  through  the  turns  of 
the  spiral  between  the  two  connections  and 
this  induces  a  current  passing  toward  the  free 
end  of  the  spiral  and  increasing  in  voltage 
until  from  its  terminal  a  long  spark  or  a  violet 
colored  eflluvc  may  be  drawn;  or  a  glass 
vacuum  electrode  may  be  used  to  apnly  this 
high  tension  high  frequency  current.  The  ap- 
plication is  a  unipolar  one.  When  the  vacuum 
electrode  is  held  near  the  surface  of  the  body 
a  shower  of  sparks  passes  to  tbe  slcn  and  this 
may  be  more  or  less  disagreeable.  This  spark 
effect  is  largely  avoided  bv  keeping  the  electrode 
in  contact  with  the  surface.  But  even  then 
tiny  sparks  may  be  seen  passing  from  parts  of 
the  bulb  not  in  close  contact  with  the  skin. 
These  are  not  disagreeable.   A  sensation  of 
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warmth  is  produced  and  the  entire  glass  vacuum 
tube  becomes  heated  in  proportion  to  the 
strength  of  the  high  frequency  current.  The 
glass  stem  where  the  current  enters  from  the 
insulated  handle  and  the  surface  in  contact 
with  the  patient  are  hotter  than  other  parts  of 
the  electrode.  The  bulb  is  filled  with  a  violet 
and  ultraviolet  light.  The  latter  is  invisible 
but  its  presence  is  easily  demonstrated  by 
fluoresence  induced  in  Willemite.  It  doubtless 
is  partly  concerned  in  the  effect  produced  upon 
the  tissues. 


Pig.  S  — High  frequency  Resonator. 


High  frequency  currents  have  little  or  no 
tendency  to  produce  muscular  contraction  and 
are  not  used  for  clectrodiagnosis.  The  spark 
effect  is  useful  as  a  general  tonic,  to  stimulate 
sensory  nerves,  to  cause  constriction  of  blood 
vessels  locally  and  vasodilation  generally. 
Sparks  applied  from  a  metal  point  held  close 
to  the  surface  have  a  counterirritant  or  a 
destructive  effect  depending  upon  the  strength 
of  the  current  and  the  length  of  time  sparks 
are  applied  to  one  spot  without  intermission. 
D'Arsonval  currents,  locally,  raise  the  tempera- 
ture and  increase  the  circulation,  increase  the 
activity  of  glands  and  are  a  sedative.  Autoeon- 
densation  increases  the  production  of  heat  in 
the  body,  increases  the  urinary  solids  and  acts 
as  a  sedat've.  And  especially  it  reduces  the 
blood  pressure  when  that  is  unnaturally  high. 
The  vacuum  electrode  actuated  bv  the  Oudin 
resonator  has  the  effect  of  heating  the  tissues 
and  promoting  cellular  activity  of  every  kind 
as  well  as  increasing  local  circulation.  It  is  a 
counterirritant  when  the  current  is  strong  or  is 
so  regulated  as  to  nroduce  considerable  spark 
effect  even  with  the  electrode  in  contact  with 
the  surface.  In  this  case  its  general  effect  is 
stimulating;  but  with  the  current  adjusted  to 
produce  very  little  spark  effect  and  a  ereat 
deal  of  warmth  from  the  vacuum  electrode  in 
contact  with  the  skin  it  has  a  scdaUve  effect,  and 
tends  to  reduce  unnatural  high  blood  presenre. 

Some  of  the  conditions  treated  by  high 
frequency  applications  arc  growths  varying 
from  warts  to  skin  cancers;  various  skin  dis- 
eases including  acne;  high  blood  pressure  and 


arteriosclerosis  or  hardening  of  the  arteries; 
rheumatism;  gout;  neuritis  and  neuralgia; 
angina  pectoris;  hemorrhoids. 
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ELECTRONIC  STATE,  a  term  invented 
by  Faraday  (q.v.)  to  designate  the  total  mag- 
netic flux  due  to  a  conductor  conveying  a 
current,  which  linked  with  any  secondary  cir- 
cuit in  the  field  or  even  with  itself.  By  careful 
experiment  he  proved  that  electromotive  forces 
set  up  in  conductors  by  the  induction  of  other 
currents  in  the  field  were  caused  by  the  cutting 
lines  of  the  secondary  circuit.   Sec  Electricity. 

ELECTROTHERMAL  PROCESS,  the 

term  applied  to  electromctallurgic  operations  in 
which  electricity  is  employed  solely  as  a  heating 
agent,  to  distinguish  them  from  electrolytic 
processes.  In  special  electrothermal  processes, 
as  the  manufacture  of  calcium  carbide,  the 
mixture  of  substances  is  raised  by  the  electric 
current  to  the  temperature  at  which  the  chemical 
reaction  desired  will  take  place.  In  other 
electrothermal  processes  the  heat  is  applied  to 
produce  molecular  or  physical  changes,  as  in 
the  manufacture  of  graphite  from  gas-carbon 
or  coke.  The  continuous  current  only  can  be 
used  in  electrolytic  work,  whereas  an  alter- 
nating current  is  also  available  in  electrothermal 
work.    See  Electrometallurgy, 

ELECTROTROPISM.  The  sensitiveness 
of  plants  to  cultivation  by  electricity.  See 
Electrixt'i.itre  of  Plants. 

ELECTROTINT,  a  method  of  tracing 
drawings,  etc..  for  printing,  by  the  action  of 
electricity  on  a  copper  plate.  The  design  is 
drawn  in  some  varnish  not  affected  by  acid  and 
placed  in  an  electro-bath,  the  lines  being  thus 
brought  out  in  relief. 

ELECTROTYPE,  a  metallic  copy,  made 
by  electro-deposition,  a  form  of  type,  a  "cut,* 
engraving,  etc.,  and  manufactured  into  proper 
shape  for  printing.  Wax  is  heated  in  a  kettle, 
poured  out  on  a  molding-case  and  placed  in  a 
press  to  receive  a  reverse  impression  of  the 
form,  engraving,  etc.  The  face  of  the  wax 
mold  is  covered  with  plumbago  to  give  it  a 
conducting  surface  to  which  the  metal  will  ad- 
here. The  negative  pole  of  a  battery  is  attached 
to  the  mold  and  the  positive  to  a  piece  of 
copper  (or  occasionally  nickel  or  iron)  and  both 
are  placed  in  a  bath  of  sulphate  of  copper  in 
solution.  The  copper  is  deposited  on  the  face 
of  the  mold  in  a  thin  film,  which  increases  in 
thickness  as  the  process  continues.  The  shell 
having  attained  the  thickness  of  a  stout  sheet 
of  paper  the  mold  is  removed  from  the  bath, 
the  shell  detached  and  strengthened  bv  a  backing 
of  electrotype  metal,  this  being  a  composition 
of  lead,  tin  and  perhaps  a  little  antimony.  The 
electrotype  shell  being  washed  is  laid  face  down 
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on  a  metal  surface  and  a  sheet  of  tin  foil  melted 
on  to  the  back,  after  which  the  backing  metal 
is  poured  on  in  a  molten  condition.  After  cool- 
ing, the  electrotype  plate  goes  to  a  planer, 
shaver,  trimmer,  etc.,  until  reduced  to  the  proper 
form  for  printing.  Later  it  is  remounted  on  a 
base  of  wood  or  metal  to  bring  it  to  the  same 
height  as  type,  that  it  may  be  printed  in  a  form 
with  type;  or  sometimes  the  plate  is  curved  in 
a  bending  machine  tor  rotary  printing.  For 
details  of  the  electric  bath  employed,  sec  Elec- 
trochkm istkv.  When  the  copper  electrotype  is 
faced  with  nickel  it  is  sometimes  called  nickel- 
type,  or  if  with  iron,  steeltype.  The  electrotype 
plate  has  almost  wholly  superseded  the  stereo- 
type for  book  and  miscellaneous  printing, 
though  the  stereotype  is  retained  for  rotary 
newspaper  printing. 

ELECTRUM,  a  substance  mentioned  by 
Greek  and  Latin  writers,  with  regard  to  the 
nature  of  which  there  has  been  much  discus- 
sion. The  term  was  used  with  different  mean- 
ings ;  it  originally  meant  gold,  and  was  then 
applied  specially  to  native  gold,  containing  quan- 
tities of  silver,  copper  and  other  metals.  The 
term  employed  for  this  native  alloy  was  trans- 
ferred to  the  artificial  allov  of  gold  and  silver, 
afterward  made,  and  was  also  applied  to  amber 
on  account  of  its  color  and  inferior  lustre.  The 
natural  alloy  occurring  in  Placer  County,  Cal., 
and  Humboldt  and  Nye  counties,  Ncv.,  con- 
tains about  40  per  cent  of  silver.  It  is  the  prin- 
cipal mineral  in  the  ore  at  National.  Humboldt 
County,  Ncv. 

ELEGY,  properly,  a  poem  of  mourning. 
The  Greeks  and  Romans,  however,  employed 
the  term  to  denote  a  poem  written  in  elegiac 
verse,  whatever  its  character.  This  elegiac  verse 
was  the  distich,  consisting  of  the  hexameter 
alternating  with  pentameter.  Catullus,  Propcr- 
tius,  Tibtillus  and  Ovid  were  masters  of  the 
elegiac  style.  In  modern  times  the  term  elegy 
is  usually  applied  to  any  serious  piece  in  which 
a  tone  of  melancholy  pervades  the  sentiments,  as 
in  Gray's  'Elegy  Written  in  a  Country  Church- 
yard' 

In  music,  the  term  is  used  to  denote  a  sad 
or  suppressed  theme. 

ELEGY  WRITTEN  IN  A  COUNTRY 
CHURCHYARD,  a  poem  by  Thomas  Gray, 
often  said  to  be  the  most  popular  piece  of  verse 
in  the  language.  It  is  thought  to  have  been 
begun  at  Stoke- Poges  in  1742.  resumed  at 
Cambridge  in  1749  and  finished  at  Stoke  in 
June  of  the  next  year.  Gray  at  once  sent  a 
copy  to  his  friend  Horace  Walpole,  who 
showed  it  about.  Early  in  February  1751  the 
poet  received  a  letter  from  the  editor  of  a 
magazine  announcing  the  intention  to  print  it. 
Gray  thereupon  through  Walpole  arranged  for 
its  publication  by  Dodslcy  on  16  Feb.  1751.  Its 
success  was  instantaneous.  Eleven  editions  were 
published  in  speedy  succession,  translations  were 
made  into  Latin  and  into  numerous  modem 
languages,  and  parodies  and  imitations  flooded 
the  world.  Subsequent  reprintings,  especially 
in  anthologies,  have  secured  for  it  an  enormous 
circulation,  and,  although  it  has  not  escaped  the 
disparagement  sure  to  be  vented  upon  what  is 
hackneyed,  it  has  retained  an  unparallcd  hold 
upon  public  affection.  It  would  be  a  rash  critic 
who  should  attempt  to  dtn>  classic  rank  to  Gray 
and  his  best-known  poem. 


Three  copies  exist  in  Gray's  handwriting, 
and  a  study  of  the  readings  and  the  suppressed 
stanzas,  as  well  as  of  the  poet's  borrowings  from 
himself  and  others,  is  a  valuable  exercise  for 
the  student  of  poetic  style.  Owing  to  the  almost 
flawless  felicity  of  the  diction  and  to  the  ad- 
mirable fitness  of  the  pentameter  quatrain  to 
the  purposes  for  which  it  was  employed,  there 
arc  but  few  of  the  32  stanzas  that  do  not  yield 
some  memorable  phrase  or  line,  many  of  which 
have  become  stock  quotations,  such  as  «The 
short  and  simple  annals  of  the  poor"  and  "Far 
from  the  madding  crowd's  ignoble  strife 

As  has  been  intimated,  the  'Elegy,'  through 
its  own  popularity  due  to  its  own  excellence,  has 
contributed  to  its  own  decline  in  favor  among 
those  exigent  persons  who  feel  that  it  is  an 
offense  against  taste  to  praise  what  the  masses 
like.  A  moment's  thought,  however,  should 
convince  even  the  most  fastidious  that  the 
masses  are  right.  The  'Elegy*  is  not  profound, 
or  subtle,  or  exceptionally  imaginative,  or  full 
of  ravishing  surprises  in  phrase  and  cadence. 
Had  it  been  it  would  have  failed  of  its  purpose 
to  express  with  consummate  dignity  and  felicity 
the  thoughts  and  feelings  common  to  humanity 
in  the  presence  of  death  and  its  monuments. 
The  'Elegy'  is  popular  because  the  honest  critic 
will  confess  that  he  could  not  improve  it 
if  he  would  and  because  the  average  reader 
has  never  thought  it  needed  improvement.  It 
is  about  as  perfect  a  poem  of  pensive  melan- 
choly as  the  world  can  show,  and  if  all  its 
predecessors  and  successors  in  the  so-called 
churchyard  poetry  were  lost  and  it  alone  pre- 
served it  would  suffice  to  voice  practically  all 
the  pertinent  reflections  and  emotions  connected 
with  "the  great  leveller."  Consult  editions  of 
Gray's  poems  by  Gosse,  Rolfe,  Bradshaw, 
Phelps,  etc. 

William  P.  Trent. 

ELEMENT,  in  chemistry,  a  primary  sub- 
stance that  cannot  be  decomposed  as  may 
be  done  with  compound  substances.  The 
different  substances  now  admitted  by  chem- 
ists to  be  elements,  together  with  those 
which  arc  tentatively  assumed  to  be  so,  until 
further  evidence  is  accumulated,  number 
(1°18)  82.  They  are  aluminum,  antimony, 
argon,  arsenic,  barium,  beryllium,  bismuth, 
l>oron,  bromine,  cadmium,  caesium,  calcium,  car- 
bon, cerium,  chlorine,  chromium,  cobalt,  copper, 
dysprosium,  erbium,  europium,  fluorine,  gado- 
linium, gallium,  germanium,  gold,  helium,  hol- 
mium,  hydrogen,  indium,  iodinet  iridium,  iron, 
krypton,  lanthanum,  lead,  lithium,  lutecium, 
magnesium,  manganese,  mercury,  molybdenum, 
neodymium,  neon,  nickel,  niobium,  niton,  nitro- 
gen, osmium,  oxygen,  palladium,  phosphorus, 
platinum,  potassium,  praseodymium,  radium, 
rhodium,  rubidium,  ruthenium,  samarium,  scan- 
dium, selenium,  silicon,  silver,  sodium,  stron- 
tium, sulphur,  tantalum,  tcllurim,  terbium, 
thallium,  thorium,  thulium,  tin,  titanium,  tung- 
sten, uranium,  vanadium,  xenon,  ytterbium, 
yttrium,  zinc  and  zirconium.  Whether  anv  of 
these  apparently  elementary  substances  will  be 
proved  to  be  in  reality  compounds  cannot  be 
definitely  foretold.  The  most  that  can  be  said 
is  that  up  to  the  present  time  no  force  has  been 
brought  to  bear  on  them  sufficient  to  disrupt 
the  atomic  attraction  which  holds  each  in  its 
individual  form.    Much  speculation  has  been 
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indulged  in  concerning  the  fundamental  struc- 
tural differences  that  subsist  between  the  atoms 
of  the  different  elements,  but  no  universally 
acceptable  explanation  has  yet  been  offered  to 
account  for  the  fact  that  the  thousands  of  com- 
pounds that  have  been  studied  are  all  composed 
of  so  small  a  number  of  essentially  different 
constituents.  The  alchemists  believed  that  every 
apparent  "element*  can  be  modified,  or  "trans- 
muted," into  every  other  one,  and  much  labor 
was  expended  in  the  effort  to  transmute  the 
baser  metals  into  the  "nobler"  or  more  valu- 
able ones.  We  now  know  that  the  problem  of 
transmutation,  if  it  is  capable  of  solution  at  all, 
is  at  any  rate  far  more  serious  than  it  was  be- 
lieved to  be  in  the  early  history  of  chemistry. 
But  there  arc  numerous  indications  which  sug- 
gest a  relationship  among  the  substances  that 
are  now  accepted  as  elements,  and  it  may  yet 
prove  to  be  possible  to  transform  lead  into 
gold,  or  tin  into  platinum.  For  some  years 
past  Sir  William  Crookes  has  been  a  consist- 
ent advocate  of  the  theory  which  teaches  that 
all  matter  is  fundamentally  the  same,  and  he 
has  shown  that  some  of  the  "elements*  can  be 
resolved,  by  fractionation,  into  substances  which 
exhibit  spectra  that  differ  from  one  another  in 
a  marked  manner,  any  two  consecutive  members 
of  the  series  showing  close  similarity  in  their 
spectra,  while  the  extreme  members  of  the  series 
are  totally  dissimilar.  (Consult  his  lecture  be- 
fore the  Berlin  Congress  of  Applied  Chemistry, 
entitled  *  Modern  Views  on  Matter,'  in  Science 
for  26  June  1903).  The  theory  of  matter  which 
is  in  favor  at  the  present  writing  teaches  that 
all  atoms  are  composed  of  electrons  (qv), 
which  are  all  alike,  but  which  are  grouped  to- 
gether in  various  ways,  and  in  various  numbers, 
to  form  the  atoms  of  the  elements.  If  this  view 
stands  the  test  of  further  research  the  possi- 
bility of  transmuting  the  elements  into  one 
another  may  not  be  altogether  fanciful.  The 
element  radium  (qv),  which  appears  to  pos- 
sess the  singular  power  of  continuously  emitting 
streams  of  free  electrons,  occurs  in  nature  in 
certain  varieties  of  the  mineral  uraninitc.  It  is 
notable  that  the  inert  gas  helium  (q  v.)  also 
occurs  in  this  same  mineral,  though  it  appears 
to  be  present  in  the  free  state  and  never  in 
actual  chemical  combination.  It  has  been  sug- 
gested that  we  are  here  face  to  face  with  a  real 
case  of  transmutation  of  elements,  the  electrons 
that  are  emitted  by  the  radium  being  slowly  built 
up,  within  the  uraninitc,  into  new  systems,  which 
are  nothing  less  than  atoms  of  helium.  See 
Molecular  Theory;  Periodic  Law;  Radiation  ; 
Radium. 

ELEMENTAL  SPIRITS,  beings  who,  ac- 
cording to  the  popular  belief  of  the  Middle 
Ages,  presided  over  the  four  elements,  living 
in  and  ruling  them.  The  elemental  spirits  of 
fire  were  called  salamanders;  those  of  water, 
undines;  those  of  the  air,  sylphs;  and  those  of 
the  earth,  gnomes.  Paracelsus  wrote  a  treatise 
upon  them,  and  they  play  a  part  in  Pope's  'The 
Rape  of  the  Lock.' 

ELEMENTS,  Conscious.  As  is  the  case 
with  anv  other  process  of  analysis,  the  analysis 
of  experience  must  disclose  certain  component 
factors  from  which  more  complicated  experi- 
ences arc  built,  and  these  are  called  conscious 
elements.  It  is  by  no  means  obvious  that  the 
psychical  fragments  which  form  the  elements 


in  the  psychology  of  the  present  day  are  not 
subject  to  further  fragmentation,  nor,  for  the 
matter  of  that,  that  there  arc  any  conscious  ele- 
ments whatever  insusceptible  to  further  frag- 
mentation. Furthermore,  the  subdivision  of  an 
experience  into  its  elements  does  not  exhaust 
its  analysis  any  more  than  the  analysis  of  a 
mosaic  is  exhausted  by  an  enumeration  of  the 
constituent  bits  of  stone.  Just  as  the  arrange- 
ment of  the  constituent  bits  of  stone  is  the  really 
vital  part  of  a  mosaic,  so  the  arrangement  of  the 
constituent  bits  of  experience  is  the  vital  part 
of  a  mental  state.  The  tentative  character  of 
conscious  elements  and  the  inadequacy  of  a 
psychology  which  confines  itself  to  cataloging 
them  are  all  but  entirely  overlooked  by  perhaps 
the  majority  of  experimental  psychologists. 

The  general  consensus  of  opinion  among 
psychologists  is  that  the  structural  elements  — 
the  items  —  out  of  which  experience  at  any  one 
moment  is  built  arc  sensations  and  affections 
(qq  v  ),  and  these  alone.  In  determining  what 
constitutes  a  single  sensation,  our  knowledge  of 
the  physiological  processes  of  the  sense-organs 
often  yields  u,s  indications  which  are  contra- 
dicted by  introspection,  as  in  the  case  of  the 
sensation  of  a  color,  which  does  not  show  upon 
introspection  the  division  into  separate  light 
and  color  processes  which  is  indicated  by  its 
physiology. 

There  is  not  so  much  agreement  as  to  the 
nature  of  the  simple  psychological  functions,  or 
temporal  sequences  of  psychological  units.  Stout 
assumes  that  the  simple  processes  are  cognition 
—  i.e.,  sentiencCj  simple  apprehension,  and  be- 
lief and  will  — i.e..  hedonic  tone  and  desire  or 
aversion.  Brentano  separates  ideation  or  aware- 
ness from  belief.  Wundt  regards  all  experi- 
ence as  a  manifestation  of  the  volitional  process 
of  impulse,  which  involves  both  sensory  and 
affective  factors.  Consult  Brentano,  'Psychol- 
ogic' (Leipzig  1874)  ;  Stout,  'Analytic  Psychol- 
ogy' (London  1896)  ;  Titchcner,  'An  Outline 
of  Psychology'  (New  York  1907);  Wundt, 
'Grundriss  der  Psychologie'  (Leipzig  1897) ;  id, 
'Physiologische  Psychologie'  (ib.  1902-03). 

ELEMI,  as  commercially  used  at  the  pres- 
ent day,  an  olco-rcsin  obtained  from  the  Cano- 
rium  hizonicum  of  the  Philippine  Islands,  also 
known  as  "Manila  elemi."  As  found  in  the  mar- 
ket it  has  the  appearance  of  old  honey,  due  to 
admixture  with  extraneous  material,  but  when 
pure  it  is  colorless,  and  has  a  pleasing  f  rasrranee. 
It  is  a  mixture  of  resin  with  a  volatile  oil.  the 
resin  being  compound,  part  (61  per  cent)  amor- 
phous and  part  (25  per  cent)  crystalline;  the 
latter  known  by  the  specific  name,  amyrin.  The 
amorphous  resin  dissolves  in  cold  alcohol ;  the 
crystalline  only  in  hot  alcohol.  The  hard  clcmi, 
most  abundant  in  the  West  Indies,  is  obtained 
from  species  of  Burscra,  and  is  cither  yellowish 
or  greenish,  sometimes  opaque  and  sometimes 
translucent,  has  a  fatty  lustre,  is  easily  pulver- 
ized and  very  fusible.  It  is  heavier  than  water, 
in  which  it  is  insoluble,  although  it  is  readily 
dissolved  in  cither  turpentine  or  alcohol.  The 
Orient.il  elemi  of  ancient  times  was  the  African 
elemi,  an  extract  of  BonveUia  Frcreana  or  Satt- 
tiriofiis  haisamifcra.  The  Mauritius  variety  is 
obtained  from  Cananum  panicu'atum.  A  large 
part  of  the  elemi  of  commerce  is  produced  from 
trees  of  different  penera  of  the  same  family 
growing  in  tropical  America.    Brazilian  elemi, 
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or  anime,  is  the  product  of  Hymtncta  Cour- 
barii.  Mexican  elemi,  now  rarely  found  in  com- 
merce, is  the  product  of  Amyris  plumuri.  It 
was  formerly  the  base  of  a  highly  valued  lac- 
quer. Elemi  is  a  regular  constituent  of  spirit 
varnishes,  and  the  Manila  kind  is  used  in  plas- 
ters and  ointments,  and  in  the  preparation  of 
certain  high  grade  printing  inks.  In  Eastern 
countries  it  is  also  used  as  incense.  Its  active 
principle  is  a  volatile  oil  obtained  by  distillation. 

ELEPHANT,  the  largest  of  living  land 
animals,  the  two  species  of  which  constitute 
the  family  Elephantida,  of  the  sub-order  Pro- 
boscidea.  The  better-known  species  (Elephas  or 
EveUphas  maximus)  is  native  to  the  jungles  of 
India;  while  the  other  species  (Elephas  or 
Loxodon  africanus)  is  found  in  the  forests  of 
Africa. 

The  elephant  is  a  huge,  ungainly  creature 
with  an  enormously  heavy  body,  mounted  on 
four  short,  columnar  legs,  the  hinder  ones  bend- 
ing like  knees  when  he  lies  down,  as  he  doubles 
them  behind,  and  not  under  him;  his  tail  is 
long  and  tapered,  ending  in  a  bunch  of  coarse 
hair;  otherwise  the  wrinkled  bluish-gray  hide  is 
quite  hairless.  His  head  is  large,  with  big  pendu- 
lous ears,  small  eyes,  and  a  nose,  prolonged 
into  a  proboscis  or  "trunk, *  which  reaches  to 
the  ground  when  he  stands  erect.  The  average 
male  elephant  is  8  or  10  feet  high,  and  weighs 
five  tons  or  more.  There  is  a  pigmy  race  of  the 
African  elephant,  however,  found  in  the  Kongo, 
which  is  not  over  seven  feet  in  height. 
The  incisors  of  his  upper  jaw  are  pro- 
longed into  tusks,  which  are,  however,  less 
useful  to  him,  as  weapons,  than  is  his 
trunk.  This  organ  enables  the  animal  to 
pick  up  things  from  the  ground,  and  to 
reach  fruits  or  leaves  many  feet  above  his  head, 
and  it  also  conveys  water  to  the  mouth.  Indeed, 
so  great  is  the  tactile  sense  of  this  singularly 
flexible  proboscis  that  it  has  been  likened  to  a 
hand.  It  is  also  its  owner's  chief  weapon  of 
offense  and  defense;  for  with  it  he  can  catch  and 
crush  a  man  with  case,  or  hurl  aside  the  tiger. 
The  nasal  bones  are  rudimentary,  to  give  room 
for  the  trunk.  The  powerful  muscles  of  the 
trunk  demand  a  large  surface  for  their  attach- 
ment, and  accordingly  the  skull  is  very  large, 
and  yet  is  prevented  from  being  excessively 
heavy  by  the  presence  of  large  air  spaces  be- 
tween the  inner  and  outer  tables.  The  end  of 
the  trunk  forms  a  prehensile  organ  with  two 
flaps  in  the  Indian  elephant,  one  in  the  African. 
The  tusks  arc  not  present  in  all  elephants,  and 
vary  much  in  size.  They  lack  all  coating  of 
enamel.  The  digestive  system  is  typical  of  that 
of  the  herbivorous  animals  in  general,  except  for 
the  long,  narrow  form  of  the  stomach,  and  for 
a  peculiar  muscle  attached  to  the  gullet,  which 
renders  regurgitation  of  water  possible.  The 
female  has  a  single  pectoral  pair  of  mamma. 
Gestation  lasts  two  years,  and  the  young  are 
suckled  for  two  years  more.  The  age  which 
this  huge  creature  attains  is  proportionate  to  its 
size;  for  captive  specimens  have  been  known  to 
live  a  hundred  years,  and  scientists  believe  that, 
in  a  wild  state,  it  may  live  many  years  longer. 
The  Indian  elephant  (Elephas  osiatieus)  differs 
from  the  African  in  having  smaller  ears  and  a 
longer  head  with  concave  forehead  and  smaller 
eyes;  in  this  species,  also,  the  hind  feet  are 
often   five-hoofed,   whereas    in   the  African 


they  are  never  more  than  four-hoofed,  though 
five  digits  are  always  present  in  both  limbs. 
Though  the  two  species  present  some  differences 
as  to  dentition,  the  special  peculiarity  in  the 
structure  of  the  molars  is  common  to  both. 
These  teeth  arc  of  great  size,  and  are  formed 
of  vertical  plates  of  dental  bone,  separately 
covered  with  enamel,  and  welded  together  by  a 
bony  "cement,"  so  that  each  tooth  looks  like  a 
number  of  teeth,  cemented  together.    In  both 
species,  also,  there  are  no  canine  teeth,  and  no 
incisors  in  the  lower  jaw ;  while  the  incisors  of 
the  upper  jaw  arc  developed  into  tusks,  often 
weighing  150  to  200  pounds  each.   These  tusks 
furnish  the  ivory  (q.v.)  which  is  so  much  es- 
teemed for  ornamental  purposes.    The  Indian 
elephant  for  thousands  of  years  has  been  the 
servant  of  man.   From  the  earliest  ages  he  has 
borne  the  Oriental  warrior  into  battle,  has 
hauled  his  stores  and  ammunition,  and  has  even 
been  taught  to  wield  weapons.    In  peace  he 
has  piled  logs  and  huge  blocks  of  stone  as  un- 
remittingly as  a  derrick,  and  has  been  the  main 
feature  in  the  processions  of  the  native  princes. 
In  these  last  and  always  spectacular  functions, 
the  elephant's  anklets,  saddlecloth  and  trappings 
are  often  encrusted  with  gold  and  jewels;  and 
the  prince  who  sits  in  the  canopied  howdah  on 
his  back  is  not  more  gorgeously  attired  than 
his  elephant.    In  this  connection,  also,  the  al- 
binos of  the  elephant  are  prized  far  more  highly 
than  the  ordinary  sort;  in  Siam,  indeed,  the 
white  elephant  is  royal  and  venerated.  The 
catching  of  these  elephants  singly,  or  in  herds, 
is  by  no  means  an  easy  task    In  former  years 
they  were  caught  in  pitfalls,  but  this  practice 
has  been  abandoned,  because  the  creatures  were 
frequently  injured.  Modern  methods  are  varied. 
Sometimes  male  elephants  are  decoyed  by  tame 
females  trained  for  that  purpose,  until  they  are 
in  close  proximity  to  the  hunters.    These  en- 
tangle their  unconscious  victim's  legs  in  stout 
ropes,  and  when,  eventually  he  finds  himself 
trapped,  he  fights  until  exhausted.   When,  how- 
ever, herds  arc  hunted,  they  are  driven  by  an 
ever  narrowing  circle  of  hunters  toward  the 
mouth  of  a  strongly  built  stockade,  or  "keddah* 
When,  after  many  days,  surrounded  and  en- 
closed by  their  pursuers,  they  rush  into  the 
stockade,  the  great  gate  is  shut  upon  them. 
They  are  then  tamed  by  a  variety  of  methods, 
which  differ  as  the  stockades  do.  according  to 
locality.    Once  caught,  the  elephant  is  easily 
trained,  a  few  months  being,  usually,  sufficient 
to  teach  him  all  he  needs  to  know.  Methods 
of  training  vary  in  detail;  but,  after  the  first 
severe  lessons,  the  trainer  usually  finds  gentle- 
ness effective.   The  driver  or  mahout  sits  upon 
the  elephant's  neck  and  manages  him  by  words 
and  by  the  use  of  a  small  iron-pointed  stick 
Once  tamed,  elephants,  except  in  cases  where 
they  become  "bad,»  and  have  to  be  shot  like 
mad  dogs,  often  are  so  gentle  that  children  may 
be  trusted  to  play  with  them.   Besides  the  differ- 
ences between  the  two  species,  already  noted, 
the  African  elephant  is  not  as  amenable  to 
domestication  and  confinement  as  the  Asiatic, 
and  is  the  chief  source  of  the  world'9  supply  of 
ivory.    Indeed,  the  African  elephant  generally 
succumbs  to  disease  and  dies  in  confinement, 
while  the  only  change  noted  in  the  Asiatic  under 
the  same  circumstances  is  that  the  species  gen- 
erally does  not  breed  in  captivity.   The  African 
elephant  is  peculiar  in  that  the  great  tusks,  twice 
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as  large  as  those  of  the  Asiatic  species,  are 
present  in  both  male  and  female,  while  in  the 
Asiatic  species  they  are  found  only  in  the  male. 
Because  of  the  demand  for  these,  the  African 
natives  have  made  war  upon  the  female  as 
well  as  the  male,  and  this  leads  naturally  to  a 
diminution  of  the  species,  as  the  number  of 
tusks  shipped  has  increased  rather  than  de- 
creased each  year.  The  African  elephant  is  now 
never  used  as  a  beast  of  burden,  though  in 
ancient  Egypt  he  may  have  been  so  utilized. 
Elephants  generally  live  in  large  herds,  each 
herd  led,  and  apparently  governed,  by  a  leader, 
usually  the  largest  of  the  party.  So  marked 
a  family  resemblance  exists  between  members  of 
the  same  herd  that,  in  India  —  where  they  are 
classed  as  "high  caste*  and  "low  caste* — differ- 
ent herds  are  easily  distinguishable.  The  Afri- 
can elephants  live  in  mountainous  regions,  the 
Asiatic  ones  in  deep  forests,  whence  they  can 
issue  to  play  in  and  drink  of  the  waters  in 
which  they  find  so  much  enjoyment.  Here,  too. 
their  trunks  are  serviceable.  They  are  used 
to  squirt  water  over  the  creatures'  backs,  or  to 
spout  it,  playfully,  at  their  neighbors.  Elephants 
also  caress  each  other  by  means  of  their  trunks. 
The  anecdotes  illustrating  the  docility,  affection, 
sagacity,  irritability,  capneiousness  and  revenge- 
ful spirit  of  the  elephant  are  innumerable,  and 
may  be  found  in  various  well-known  books  on 
natural  history.  The  natural  enemies  of  the 
elephant,  besides  man,  are  the  tiger  and  the 
rhinoceros,  and  the  nasal  horn  of  the  latter 
often  proves  a  more  formidable  weapon  than  the 
trunk  and  tusks  of  the  elephant,  and  the  sight 
of  even  a  dead  tiger  is  said  to  be  enough  to  ex- 
cite most  elephants  into  a  transport  of  fury. 
Consult  Anderson,  'The  Lion  and  the  Elephant' 
(London  1873)  ;  Hornadav,  'Two  Years  in  the 
Jungle >  (New  York  1885);  Kipling,  J.  L, 
'Beast  and  Man  in  India'  (London  1891); 
Lydeppcr  'The  Game  Animals  of  Africa'  (ib. 
1908);  Neumann,  'Elephant  Hunting  in  East 
Equatorial  Africa'  (ib.  1898)  ;  Sanderson,  'Wild 
Beasts  of  India'  (ib.  1893)  ;  Selous,  <A  Hunter's 
Wanderings  in  Africa'  (ib.  1890). 

ELEPHANT  MOUND.  See  Mound 
Builders  and  Mounds. 

ELEPHANT,  Order  of  the,  an  ancient 
Danish  order  of  chivalry.  It  is  said  to  have 
been  instituted  about  the  end  of  the  12th  cen- 
tury by  Canute  VI  to  perpetuate  the  memory  of 
a  Danish  crusader  who  had  killed  an  elephant 
in  the  Holy  Land.  It  was  renewed  by  Christian 
I  in  1462,  and  placed  on  its  present  footing  in 
1693  by  Christian  V.  It  is  the  highest  of  the 
Danish  orders.  The  number  of  members,  not 
counting  those  of  the  royal  family,  is  restricted 
to  30.  Foreign  sovereigns  arc  exempted  from 
these  restrictions.  The  fete  of  the  order  is 
held  on  1  January,  when  the  knights  meet  in 
the  chapel  of  the  order  in  the  castle  of  Fred- 
ericksburg, taking  rank  by  seniority  upon  seats 
over  which  are  suspended  their  arms  and  de- 
vices. The  insignia  of  the  order  arc  an  enameled 
white  elephant,  with  a  negro  mahout,  bearing 
on  a  blue  housing,  bordered  with  gold  and 
crossed  with  white,  a  sculptured  tower.  On 
state  occasions  the  elephant  is  worn  attached 
to  a  chain  composed  of  elephants  and  castles 
of  gold,  with  a  letter  D  in  gold  to  represent 
Dania  ( Denmark).  The  device  of  the  order 
is  Magni  animi  pretxum. 


ELEPHANT-APPLE,  a  large  and  hand- 
some East- Indian  tree  (heronia  elephantum) . 
It  belongs  to  the  orange  family,  and  produces  a 
large  gray-colored  fruit  with  a  very  hard  rind 

ELEPHANT  BEETLE,  one  of  the  great 
cetonian  beetles  of  the  genus  Megasoma  of 
Central  and  South  America;  especially  M. 
elephas.  It  reaches  a  length  of  three  to  four 
inches,  and  is  black,  delicately  pitted.  A  related 
species  (M.  thersites)  occurs  in  California. 

ELEPHANT  BUTTE  DAM,  the  largest 
of  the  government's  irrigation  projects,  located 
in  Sierra  County,  N.  M.,  in  the  valley  of  the 
Rio  Grande,  120  miles  above  the  point  where 
the  river  strikes  the  Mexican  border.  The  lake 
formed  by  this  dam  is  about  45  miles  long  and 
averages  \}i  miles  in  width,  submerging 
40.000  acres  and  storing  2,642,292  acre-feet,  or 
862,200,000,000  gallons.  The  water  is  intended 
to  irrigate  183,000  acres  of  very  fertile  land  in 
the  States  of  New  Mexico  and  Texas  and  25.000 
acres  in  Mexico.  The  water  stored  is  sufficient 
to  irrigate  all  the  crops  which  can  be  grown  on 
this  acreage  for  two  years  in  case  there  should 
be  no  rainfall.  The  dam  is  of  cyclopcan  con- 
crete. It  was  begun  in  1910  and  completed  in 
May  1916.  The  crest  is  1.310  feet  long  and  is 
305  feet  above  bed-rock  at  its  lowest  point, 
100  feet  below  the  bed  of  the  river.  At  its 
base  the  dam  is  215  feet  thick  and  it  tapers  to 
18  feet  at  the  crest,  which  carries  a  permanent 
roadway.  The  masonry  content  of  the  structure 
is  608,000  cubic  yards,  making  it  the  third 
largest  dam  in  the  world  (sec  Dams).  In  addi- 
tion to  the  irrigation  feature  it  is  estimated 
that  from  25,000  to  30,000  electric  horse  power 
can  be  delivered  at  El  Paso,  besides  the  many 
smaller  powers  which  will  be  developed  when 
the  high  level  canals  are  in  operation. 

ELEPHANT  FISH  (Callorhynchus  antarc- 
ticus),  a  fish  of  the  sub-class  Chimaroxdea  or 
Holocephali  (q.v.),  found  in  southern  seas, 
where  it  is  the  sole  representative  of  its  kind. 
The  name  alludes  to  the  prominent  projecting 
appendage  of  the  snout.  The  young  remain 
until  an  advanced  stage  of  development  within 
the  remarkable  seaweed-like  horny  c^g-cases. 
The  fish  attains  a  considerable  size  and  is  some- 
times eaten  in  New  Zealand. 

ELEPHANT  RIVER,  a  river  of  Cape 
Colony,  running  into  the  Atlantic  after  a  course 
of  140  miles. 

ELEPHANT  SEAL,  the  largest  of  the 
hair  seals  (Macrorhinut  leoninus),  usually  over 
20  feet  long,  with  a  circumference  of  12  feet 
around  the  thickest  part  of  the  chest.  The 
female  is  much  smaller  than  the  male.  In  color 
this  seal  is  grayish;  its  body  is  covered  with 
short  hair,  growing  in  patches,  which  gives  a 
spotted  look  to  the  animal.  The  head  is  pro- 
portionately large,  with  prominent  eyes  and 
thick  eyebrows;  the  whiskers  are  long;  and  the 
canine  teeth  are  so  large  as  to  form  heavy  tusks. 
The  nose  of  the  males  is  prolonged  into  a 
proboscis  about  a  foot  long,  which,  seeminelv 
useless,  hangs  loosely  over  the  face.  When  this 
is  dilated  it  gives  a  new  character  to  the  crea- 
ture's voice.  This  species  has  been  almost  ex- 
terminated, owing  to  the  demand  for  its  oil, 
though  less  than  a  century  ago  it  was  plentiful 
in  the  southern  hemisphere.  The  skin  is  not 
valued  for  its  fur  and  the  flesh  is  not  edible. 
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The  herds  migrate  southward  in  summer  and 
northward  in  winter  to  avoid  the  extremes  of 
temperature.  The  northern  elephant  seal  M.  an- 
gustirostris,  is  also  nearly  extinct,  being  confined 
to  the  island  of  Guadaloupe,  off  Lower  Califor- 
nia. Consult  Moselcy,  'Notes  by  a  Naturalist 
on  the  Challenger*  (London  1879)  ;  Townsend, 
'The  Northern  Elephant  Seal*  (Zoologica, 
Vol.  I.  No.  8,  New  York  1912). 

ELEPHANT-SHREW,  the  typical  species 
Macroscelides,  of  the  family  Macroscelidida. 
belonging  to  the  order  of  insect-eating  mam- 
mals. The  body,  in  general  appearance  and 
size,  resembles  that  of  the  common  rat.  The 
popular  name  alludes  to  its  peculiar,  elongated 
nose,  which  looks  like  an  elephant's  trunk.  The 
hind  legs,  which  are  long  and  out  of  all  pro- 
portion to  the  length  of  the  fore  legs,  fit  the 
animal  for  jumping,  giving  it  the  additional 
name  of  jomping-shrew.  This  insect-eater  is 
confined  to  Africa.  It  moves  by  jumps,  lives 
on  the  sandy  plains,  makes  burrows  in  the  sand 
and  finds  its  prey  among  the  grass  and  bushes. 

ELEPHANTA,  el-e-fan'ta.  or  ELE- 
PHANT ISLE,  called  by  the  natives  Gharipur, 
a  small  island  in  the  Bay  of  Bombay,  seven 
miles  northeast  of  Bombay.  It  consists  of  two 
long  hills  and  an  intervening  valley.  It  is  cele- 
brated for  a  cave  temple  130  feet  long,  123 
hroad  and  18  high,  supported  by  pillars  cut  out 
in  the  rock.  Many  of  these  were  cut  down  by 
the  Portuguese.  There  are  36  columns  in  six 
rows  and  in  the  centre  is  a  gigantic  trimurti  or 
three-formed  god  —  Brahma  the  creator  in  the 
middle,  with  Vishnu  the  preserver  on  one  side 
and  Siva  the  destroyer  on  the  other.  There  arc- 
other  pieces  of  sculpture  and  also  several  other 
rock-caves.  The  date  of  these  constructions  is 
not  known.  A  large  stone  elephant,  which  once 
stood  near  the  landing  place,  gave  name  to  the 
island.    Pop.  of  the  island  about  500. 

ELEPHANTIASIS,  properly  speaking,  a 
peculiar  and  rare  disease,  sporadic  or  endemic 
in  warm  climates,  and  characterized  by  a  chronic 
thickening  of  the  skin  and  the  underlying  tissues, 
usually  limited  to  a  definite  area,  and  subsequent 
to  an  impairment  of  the  lymphatic  circulation. 
The  disease  is  of  great  antiquity  and  exhibits  a 
great  variety  of  forms,  by  reason  of  which  it 
has  received  a  large  number  of  names,  medical 
as  well  as  popular.  The  term  is  now  applied 
by  the  best  dermatologists  to  one  disease,  and 
not  to  several  as  heretofore.  Elephantiasis  ex- 
ists in  an  endemic  form  in  Africa,  India,  the 
Indian  Archipelago,  the  West  Indies  and  South 
America.  The  extra-continental  possessions  of 
the  United  States  bring  this  disease  in  their 
train.  The  endemic  form  of  the  disease  com- 
mences rapidly.  There  is  pain,  heat,  swelling 
and  temperature.  The  lymphatics  and  blood- 
vessels soon  become  involved  and  the  part 
affected  seems  to  be  attacked  by  erysipelas.  In 
a  few  days  the  acute  symptoms  may  subside.  A 
recurrence  of  the  attack  leaves  the  arm,  or  leg, 
or  scalp,  or  face,  or  genitals  somewhat  thicker, 
and  repeated  attacks  may  result  in  enormous 
deformities  of  the  affected  parts.  In  the  most 
characteristic  cases  of  the  tropical  countries  the 
disease  seems  to  be  due  to  a  blood  parasite,  the 
Fi'aria  sanguinis  hotninis.  This  worm  Rets  into 
the  blood,  at  times  through  the  agencies  of 
mosquito  bites,  and  blocks  up  the  lymphatic 
channels.   In  other  case's  the  disease  is  regarded 


as  a  form  of  chronic  erysipelas.  In  a  few  in- 
stances it  is  congenital.  The  treatment  will 
depend  largely  on  the  type  of  the  disease.  Rest 
in  bed.  elevation  of  the  limb,  quinine  for  the 
Filaria  and  nrompt  medical  attendance  arc  the 
essentials.   See  Filariasis;  Parasitism. 

ELEPHANTINE,  el-e-fin-ti'ne  (Arabic, 
Dieziret-es-Zaher,  "isle  of  flowers"),  a  small 
island  in  the  Nile,  opposite  Assouan  (Sycnc), 
remarkable  for  its  ruins.  The  island  is  almost 
covered  with  ruins  piled  up  on  each  other  — 
Egyptian,  Roman,  Saracen  and  Arabic.  At  the 
beginning  of  the  present  century  there  were  the 
remains  of  two  temples  in  Elephantine,  one  a 
very  interesting  one  built  by  Amunoph  III. 
They  were  destroyed  in  1822  by  the  governor 
of  Assouan  in  order  to  obtain  stone  for  build- 
ing a  palace.  The  greater  part  of  the  Nilometer, 
mentioned  by  Strabo,  which  stood  at  the  upper 
end  of  the  island,  was  restored  in  the  19th  cen- 
tury. The  quay  built  of  blocks  taken  mostly 
from  older  monuments  is  from  Roman  times. 
Many  fragments  of  pottery  with  inscriptions  in 
Greek  have  been  found,  some  of  these  being 
receipts  for  taxes. 

ELEPHANTINE  PAPYRI.  Elephantine 
is  a  small  island  in  the  Upper  Nile  and  the 
most  southern  of  the  old  Egyptian  fortresses. 
In  the  ruins  of  a  small  city  which  was  on  the 
southern  end  of  the  island  Aramaic  papyri  in 
considerable  quantities  have  been  found.  These 
reveal  the  fact  that  soon  after  the  destruction 
of  Jerusalem  by  Nebuchadnezzar  a  colony  of 
the  Jews  found  their  way  to  the  southern 
frontier  of  Egypt.  In  them  is  mentioned  the 
house  of  Yahu  which  is  probably  lehovah. 
Thev  cover  the  period  extending  from  471  B.C. 
to  411  B.C.  and  bring  much  light  to  bear  on 
Jewish  customs  and  worship  of  the  times  of 
this  important  document.  One  contains  a  peti- 
tion for  the  restoration  of  the  house  of  Yahu 
which  had  been  destroyed  by  Egyptian  soldiers. 

ELEPHANTS,  Fossil.  The  present  genus 
(or  genera)  oi  elephant  had  many  now  extinct 
representatives  in  the  Pleistocene.  Among  these 
the  best  known  is  the  hairy  mammoth  (q  v.) 
of  Siberia  and  northern  North  America.  The 
mammoth  was  smaller  than  the  largest  existing 
elephants,  but  a  similar  species,  Elephas  cotumbt. 
ranging  over  the  entire  United  States,  equalled 
the  extant  species  in  size.  E.  impcrator  from  the 
Southwest  stood  even  larger,  being  13  feet  high 
at  the  shoulder.  Another  Pleistocene  elephant 
was  Mastodon  Amerieanus.  This  differed  from 
the  true  elephants  in  its  lower  skull  and  breast- 
like  molar  teeth,  of  which  several  were  in 
simultaneous  use  in  each  side  of  each  jaw.  The 
teeth  were  covered  with  enamel,  but  had  no 
cement  on  the  crowns.  Straight  traces  of  tusks 
remained  in  the  lower  jaw  of  the  males.  The 
Pliocene  beds  contain,  besides  several  species  of 
Mastodon,  the  genus  Stegodon,  with  the  molar 
teeth  intermediate  in  character  between  those 
of  Elephas  and  of  Mastodon.  In  the  Miocene 
the  interesting  genus  Gomphoterium  or  Tetra- 
beladon  is  found.  The  skull  resembles  that  of 
Mastodon,  but  is  much  lower  and  flatter.  The 
mandibular  symphysis  is  prolonged  and  bears 
the  wcll-developea  tusks.  Upper  and  lower 
tusks  alike  are  relatively  short  and  banded  with 
enamel.  The  molars  have  four  cross-ridges  in 
the  later  forms,  three  in  the  earlier  ones.  The 
height  at  the  shoulder  is  less  than  six  feet. 
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The  body  and  limbs  have  their  present  structure. 
The  next  earlier  form  in  the  line  of  ascent  was 
PaUeomastodon  from  the  lower  Oligocenc  and 
upper  Eocene  of  Egypt-    The  dentition  was 

*  1  '  C6'  pl,m\    Bo,h  lower  and  uPPcr  tusks 

were  very  short  and  banded  with  enamel. 
All  the  grinders  were  in  use  together.  There 
was  probably  a  snout  more  or  less  like  that 
of  a  pig  instead  of  a  well-developed  trunk.  The 
lower  jaw  was  longer  than  the  upper.  The 
occipital  bones  extended  nearly  to  the  top  of 
the  parietals.  There  was  a  third  trochanter  on 
the  femur.  The  size  varied  between  that  of  a 
small  elephant  and  that  of  a  tapir.  There  is  a 
considerable  gap  between  Paletomastodon  and 
any  known  ancestral  form,  but  it  appears  that 
Marilherium  of  the  middle  Eocene  of  Egypt 
is  not  very  far  removed  from  its  line  of 
descent.    Mcrritherium  has  the  dental  formula 

3     13  1 
*'-,  c -,/»-,«  j.    Both  first  and  third  upper 

incisors  and  the  canines  are  very  poorly  de- 
veloped ;  the  second  upper  and  lower  incisors 
form  short  tusks.  The  molars  are  quadritubcr- 
cular.  The  skull  is  quite  unlike  that  of  Palaeo- 
mastodon  and  is  long  and  narrow,  with  enor- 
mous check  bones.  The  cranial  capacity  is 
relatively  large.  There  appears  to  have  been 
only  a  very  slight  trace  of  a  trunk.  The  body 
was  essentially  like  that  of  the  elephants,  though 
less  specialized.  An  aberrant  offshoot  of  the 
proboscidean  stock  is  characterized  by  the  pos- 
session of  tusks  in  the  lower  jaw  only.  This 
offshoot,  containing  the  genus  Dinotherium,  is 
quite  like  typical  elephants  in  its  body  and  limbs. 
The  tusks  point  downward  and  are  curved  to 
the  rear.  The  molars  resemble  those  of  the 
tapirs.  The  skull  is  low  and  flat  and  probably 
bore  a  trunk.  (See  Mammoth  ;  Mastodon). 
Consult  Andrews,  C.  W.,  'Catalogue  of  Ter- 
tiary Vertcbrata  of  the  Fayum,  Egypt';  Scott, 
W.  B.,  <A  History  of  Land  Mammals  in  the 
Western  Hemisphere"  (New  York  1913). 

ELEPHANT'S-EAR,  a  name  frequently 
given  to  plants  of  the  genus  Begonia  (q.v.).  It 
is  applied  more  frequently  to  a  plant  bearing 
the  name  CaJadium  esc ulen turn. 

ELEPHANT'S-FOOT,  or  HOTTEN- 
TOT'S-BREAD  (Testudinaria  elephantipes), 
a  plant  of  the  yam  family  {Dioscoreacecc),  of 
which  the  rootstock  forms  a  large  fleshy  mass, 
curiously  truncate,  or  somewhat  resembling  an 
elephant's  foot,  and  covered  with  a  soft,  corky, 
rough  and  cracked  bark,  recalling  the  shell  of  a 
tortoise,  whence  its  generic  name.  From  this 
springs  annually  a  climbing  stem,  which  bears 
the  leaves  and  flowers,  the  latter  being  small 
and  yellow.  The  starchy  rootstock  is  used  as 
food  by  the  Hottentots.  The  plant  is  not  in- 
frequent in  hothouses.  The  American  plants 
known  as  elephant's- foot  belong  to  the  genus 
Elcphantopus  of  the  Astcracea.  The  genus 
comprises  16  species,  natives  of  tropical  or 
warm  regions.  Four  are  found  in  the  United 
States,  mostly  to  the  south  of  Delaware.  The 
best  known  is  the  Carolina  clephant's-foot 
(F..  caroHnictnus) .  This  is  an  erect  hairv  herb, 
with  thin  oval  leaves  and  bracted  heads  of  blue 
or  purple  flowers  in  branching  corymbs.  It 
grows  as  far  north  as  southern  New  Jersey  and 


west  to  Kansas,  and  is  abundant  in  all  the  region 
to  the  south.  Another  species  is  known  in  the 
Southern  States  as  tobacco-weed  and  devil's 
grandmother. 

ELEUSINE,  el-u-si'ne,  a  genus  of  grasses 
comprising  six  species,  all  natives  of  the  Old 
World.  The  genus  is  represented  in  America 
by  £.  indica,  the  crab-grass  or  yard-grass, 
which  is  found  in  waste  places  all  over  North 
America  except  in  the  extreme  north,  natural- 
ized from  Asia.  In  its  native  places  it  is  an  im- 
portant article  of  commerce.  E.  corocana, 
called  in  the  west  of  India  natchnce,  nagla. 
ragie  and  mand,  forms  a  principal  article  of 
diet  among  the  hill  people  of  the  western 
Ghauts  in  India.  It  is  cultivated  also  in  Japan. 
E.  stricta  is  also  used  for  food. 

ELEUSINIAN  MYSTERIES,  festivals 
held  annually  at  Eleusis,  a  town  of  Attica,  in 
honor  of  the  goddess  Demeter,  or  Ceres,  the 
patroness  of  agriculture  and  procreative  power 
of  nature.  According  to  the  Homeric  hymn 
to  Demeter,  the  festival  was  established  by  the 
goddess  to  commemorate  the  hospitality  of 
King  Celeus  of  Eleusis,  who  received  her  as  a 
wayfarer.  The  usual  opinion  is  that  they  were 
begun  by  Eumolpus,  the  first  hcirophant,  1356 
B.C.  Great  secrecy  was  observed  in  the  cele- 
bration of  the  festivals,  consisting  of  the 
greater  and  lesser  mysteries.  The  greater  mvs- 
teries  were  celebrated  toward  the  end  of  Sep- 
tember and  the  first  of  October,  lasting  nine 
days.  The  lesser  mysteries  took  place  at  Agrae 
on  the  Uissus  during  springtime.  It  was  a 
capital  offense  to  reveal  any  of  the  rites.  They 
existed  about  18  centuries  and  ceased  during 
the  invasion  of  Alaric,  in  396.  Consult  Pater, 
Walter,  'Greek  Studies;  Demeter  and  Proser- 
pina' ;  Cooper,  Jacob,  'The  Eleusinian  Mys- 
teries.'   See  Mysteries. 

ELEUSIS,  c-lu'sTs,  a  ruined  village  of  At- 
tica, but  in  ancient  times  a  city  of  Greece,  12 
miles  from  Athens.  It  was  celebrated  as  the 
chief  scat  of  worship  of  Ceres  (Greek 
Demeter),  whose  temple  here  was  the  largest 
sacred  edifice  in  Greece.  The  Greek  govern- 
ment began  here  an  elaborate  system  of  excava- 
tions in  the  year  1882,  with  the  result  that  many 
remarkable  ruins  have  been  discovered.  Even 
the  site  of  the  ancient  temples  is  a  matter  of 
debate,  so  completely  have  they  vanished.  There 
are  not  wanting,  however,  ancient  remains, 
which  include  two  propylxa,  a  sacred  well,  an 
ancient  council  hall  and  small  temples.  The 
great  hall  of  initiation  was  a  modest  structure 
until  after  the  Persian  War  when  it  was 
greatly  enlarged,  first  by  cutting  into  the  rock 
at  the  back,  and  later  by  constructing  another 
hall  alongside  the  first.  A  great  portico  was 
added  by  Philon  in  the  4th  century  B.C.,  making 
a  common  front  to  both,  and  during  the  Roman 
occupation  the  interior  was  made  into  one 
great  hall  178  feet  bv  170,  with  seven  rows  of 
columns.  A  little  Albanian  village,  poor  and 
mean  looking,  called  Leusina,  stands  on  the  site 
of  what  was  once  powerful  Eleusis.  Consult 
Diohl,  'Excursions  in  Greece';  Philios, 
'Eleusis,  scs  mystcres,  ses  ruines,  et  son  musee' 
(Athens  1896)  ;  Frazer,  'Pausanias'  (2d  ed.. 
1913).  For  a  plan  of  the  excavations,  consult 
Baedeker's  'Handbook  to  Greece'  (4th  English 
ed.t  Leipzig  1909). 
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ELEUTHERA,  e-lu'thi-ra.  British  West 
Indies,  one  of  the  largest  of  the  Bahama 
Islands,  lying  east  of  Nassau,  near  New  Provi- 
dence, the  second  most  populous  island  of  the 
group.  It  is,  like  most  of  the  islands  of  the 
group,  long  and  narrow,  its  length  being  about 
70  miles,  area  164  square  miles.  It  exceeds  the 
neighboring  isles  in  fertility,  and  produces  more 
oranges,  onions  and  pineapples  than  any.  Its 
chief  town  is  Governor's  Harbor  with  a  fort 
and  good  harbor.    Pop.  6,533. 

ELEUTHERIA,  cl-u-the'ri-a  (Gr.  <An*rp,a, 
freedom),  among  the  ancient  Greeks  a  festival 
commemorative  of  deliverance  from  the  armies 
of  Xerxes.  It  was  in-.tituted  after  the  battle 
of  Platxa  (479  B.C.)  and  celebrated  annually  at 
that  place  in  the  month  Maimacterion,  nearly 
corresponding  to  our  September.  At  the  dawn 
of  day  a  procession  marched  through  the  town, 
at  the  head  of  which  trumpeters  blew  the  sig- 
nal for  battle.  At  midday  a  chariot  was  driven 
toward  the  altar  crowned  with  myrtle  and  va- 
rious garlands  and  leading  behind  it  a  black 
bull.  In  front  of  the  altar  the  archon  of 
Platxa  immolated  the  bull  to  Jupiter  and  Mer- 
cury, eulogized  the  heroes  who  had  fallen  at 
Platxa  and  sprinkled  the  ground  with  wine. 
Every  fifth  year  these  solemnities  were  attended 
by  contests,  chaplets  being  the  reward  of  the 
victors.   Sec  Greek  Festivals. 

ELEVATED  RAILWAYS.  See  Rail- 
ways, Elevated. 

ELEVATION,  in  the  liturgy  of  the  Roman 
Catholic  Church,  the  act  of  lifting  up  by  the 
celebrating  priest  and  presenting  to  the  sight  of 
the  faithful  the  Host  and  the  Chalice  imme- 
diately after  the  consecration ;  this  is  the  eleva- 
tion by  eminence.  There  is  both  in  the  Latin 
and  in  the  Greek  Church  liturgies  another  ele- 
vation shortly  before  the  communion.  Prior  to 
the  promulgation  and  condemnation  of  the 
teaching  of  Berengarius  in  the  11th  century  the 
elevation  after  consecration  appears  to  have 
had  no  place  in  the  Latin  liturgy;  but  from  the 
beginning  of  the  12th  century,  when  this  cus- 
tom was  introduced,  it  spread  rapidly  and  be- 
came universal  and  obligatory.  It  was  the 
Church's  way  of  confessing  her  faith  in  the  truth 
of  transubstantiation, '  attacked  by  Berengarius. 
In  the  Latin  Church  in  the  12th  century  began 
and  in  the  next  century  became  universal  the 
custom  of  ringing  a  small  bell  at  the  moment 
of  the  elevation,  as  is  the  present  usage.  But 
the  ringing  of  the  great  bells  in  the  church 
steeples  and  towers  at  the  elevation  which  was 
pretty  general  in  the  13th  century  is  now  not 
common. 

ELEVATION,  in  astronomy  and  geography, 
means  generally  the  height  above  the  horizon  of 
an  object  on  the  sphere,  measured  by  the  arc  of 
a  vertical  circle  through  it  and  the  zenith.  Thus, 
the  elevation  of  the  equator  is  the  arc  of  a 
meridian  intercepted  between  the  equator  and 
the  horizon  of  the  place.  The  elevation  of  the 
pole  is  the  complement  of  that  of  the  equator 
and  is  always  equal  to  the  latitude  of  the  place. 
The  elevation  of  a  star  or  any  other  point  is 
similarly  its  height  above  the  horizon,  and  is  a 
maximum  when  the  star  is  on  the  meridian.  In 
arch:terture  the  trim  is  anplied  to  a  geometrical 
delineation  of  th"  front  or  any  fare  of  a  hold- 
ing in  wh:ch  all  the  parts  are  drawn  according 
to  the  scale  and  not  shown  as  they  would 
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appear  in  perspective.  It  is  one  of  the  three 
designs  necessary  in  outlining  any  work  of 
architecture,  the  other  two  being  the  plan  and 
the  section. 

ELEVATORS.  The  modern  elevator  is 
a  direct  evolution  from  the  machine  which 
Elisha  G.  Otis  exhibited  in  1853  at  the  World's 
Fair  in  the  Crystal  Palace,  New  York.  Hoists 
of  various  kinds  had  been  built  before  that 
time,  but  this  was  the  first  elevator  wherein 
provision  was  made  for  stopping  the  fall  of  the 
car  in  the  contingency  of  the  breaking  of  the 
hoisting  cables.  During  the  next  five  years  a 
number  of  machines  were  built  similar  to  that 
exhibited,  all  being  driven  from  line  shafting. 
In  1859  the  same  inventor  introduced  an  inde- 
pendent reversible  steam-engine  directly  con- 
nected to  the  hoisting  machinery,  and  from  that 
date  the  era  of  the  elevator  as  a  separate  insti- 
tution of  the  age  began.  In  1871  the  hvdraulic 
elevator  was  introduced,  soon  to  attain  pre- 
dominance in  the  elevator  art  and  displacing  the 
steam-engine.  The  year  1888  witnessed  the  first 
application  of  the  electric  motor  to  elevator  ma- 
chines, destined  in  turn  to  eclipse  the  hydraulic 
elevator.  The  first  type  of  electric  elevator  ma- 
chine, still  in  use  to-day  for  low  and  moderately 
high  buildings,  consisted  of  an  electric  motor 
actuating  a  noisting  drum  through  the  inter- 
mediary of  worm  gearing.  Although  this  ma- 
chipe  has  been  developed  to  operate  satisfactor- 
ily at  comparatively  high  speed,  it  could  not 
satisfy  the  requirements  imposed  on  the  ele- 
vator art  with  the  advent  of  the  skyscraper. 
Thus  in  1903  a  new  type  of  electric  elevator 
machine  was  developed,  known  as  the  1 : 1  gear- 
less  traction  machine,  which  has  since  com- 
pletely ousted  the  hydraulic  machine  from  the 
field  of  high-rise,  high-speed  elevators.  Another 
development  in  the  electric  elevator  art  is  the 
so-called  microdrive  machine,  first  introduced 
in  1915.  This  machine  is  capable  of  accurately 
and  automatically  stopping  an  elevator  platform 
level  with  the  landing  under  any  condition  of 
loading.  It  is  extensively  used  in  all  cases 
where  heavy  loads  have  to  be  wheeled  on  or  off 
the  elevator  platform  on  trucks. 

It  is  quite  evident  that  the  high  state  of  de- 
velopment of  the  electric  elevator  to-day  could 
not  have  been  accomplished  without  improve- 
ments in  the  design  of  electric  motors  and  con- 
trolling devices.  At  the  time  of  the  introduc- 
tion of  the  electric  elevator  in  1888  the  design 
of  the  direct-current  motor  was  already  well 
advanced,  while  alternating-current  motors 
were  yet  in  their  infancy.  In  the  next  decade 
the  energy  of  designers  was  mostly  bent  upon 
the  further  development  of  the  application  of 
direct  current,  resulting  in  1897  in  the  introduc- 
tion of  the  direct-current  magnet  controller. 
With  this  invention  the  direct-current  electric 
elevator  at  once  entered  the  field  of  high-speed 
elevator  service  and  became  a  dangerous  com- 
petitor of  the  hydraulic  elevator. 

The  electric  power  systems  at  that  time  were 
mostly  direct  current,  but  began  gradually  to 
make  place  for  the  more  economic  two-  or  three- 
phase  alternating-current  systems.  Along  there- 
with polyphase  induction  motors  had  been  in- 
troduced and  began  to  be  applied  to  elevators. 
The  f-rst  attempts  were  not  very  promising.  It 
would  seem  for  a  time  that  the  polvphase  alter- 
nating-current elevator  never  would  be  suitable 
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for  high  speed,  owing  to  the  fact  that  the  motor 
operated  only  at  a  fixed  single  speed  and  to  the 
inability  to  design  suitable  alternating-current 
magnets.  To-day  all  of  these  difficulties  have 
been  overcome ;  polyphase  induction  motors  are 
now  easily  built  for  two  or  more  speeds  as  well 
as  alternating-current  magnets  of  sufficient 
power  to  operate  controller  and  brake.  In  fact, 
the  number  of  alternating-current  installations 
to-day  equals  the  number  of  direct-current  in- 
stallations and  is  doubtlessly  destined  to  exceed 
the  latter  in  the  near  future.  Safety  appli- 
ances were  developed  hand  in  hand  with  the 
development  of  the  various  tyres  of  machines. 
Grips  to  arrest  and  stop  a  falling  cage  were 
first  designed  to  operate  upon  the  breaking  of 
the  hoisting  rope  only.  These  soon  proved  to 
be  inadequate,  since  they  remained  inactive  in 
runaway  accidents  from  various  causes  not  due 
to  the  parting  of  the  ropes.  This  defect  was 
removed  with  the  introduction  of  centrifugal 
governors,  which  actuate  the  safety  grips  when 
the  car  speed  exceeds  a  predetermined  maxi- 
mum. In  1890  steel  began  to  be  used  for  guide 
rails,  which  previously  to  that  date  consisted 
exclusively  of  wood.  This  brought  about  a  new 
type  of  safeties.  Other  demands  came  with  the 
increase  in  elevator  speeds,  necessitating  the 
design  of  safety  grips  capable  of  arresting  a 
falling  car  without  shock  or  injury  to  the 
passengers.  Other  safety  appliances  gradually 
developed  but  which  have  now  become  part  of 
the  standard  equipment  arc:  automatic  stop  at 
the  terminals  of  the  travel ;  slack  cable  devices 
to  prevent  further  motion  of  the  machine  in 
case  the  car  is  obstructed  in  its  descent;  door 
locks  to  prevent  the  starting  of  the  cage  as 
long  as  the  door  is  open,  and  to  prevent  the 
opening  of  door  unless  the  car  is  at  rest  at 
the  landing. 

According  to  the  foregoing  there  are,  there- 
fore, four  general  classes  of  elevators  —  belt, 
steam,  hydraulic  and  electric. 

Belt-driven  Elevators. —  This  class  of  ele- 
vator. Fig.  1,  is  usually  installed  for  slow-speed 
freight  service  in  factories,  is  reliable  and  vet 
low  in  cost.  The  speed  seldom  exceeds  75  feet 
per  minute.  The  machine  is  usually  bolted  to 
the  ceiling  of  one  of  the  floors.  The  middle 
one  of  the  three  flat-faced  pulleys  shown  in 
the  illustration  is  tight  on  the  shaft  and  is 
adapted  to  actuate  the  hoisting  drum  through 
the  intermediary  of  a  worm-and-worm  gear. 
The  two  outer  pulleys  arc  loose  on  the  shaft 
and  are  belted,  one  by  straight  belt  and  the 
other  by  crossed  belt  to  a  line  shaft  pulley.  To 
operate  the  elevator  in  the  one  or  other  direc- 
tion the  straight  or  crossed  belt  is  shifted  onto 
the  tight  middle  pulley.  The  machines  arc  pro- 
vided with  brake,  slack  cable  device  and  auto- 
matic stop  at  terminal  landings. 

Steam  Elevators. —  Steam  machines  for 
elevator  service  may  be  dismissed  with  the  ref- 
erence that  they  arc  no  longer  in  use.  This  has 
been  due  to  the  very  large  consumption  of 
power  with  no  compensation  for  the  disad- 
vantage in  the  matter  of  ease  of  control. 

Hydraulic  Elevators. —  The  hydraulic  ele- 
vator installed  in  large  numbers  up  to  about  the 
year  1900  is  the  so-called  vertical  hydraulic 
type  (Fig.  2).  In  this  type  a  cylinder  of  a 
diameter  of  8  to  24  inches  is  placed  in  a  vertical 
position  in  the  elevator  shaft  or  in  any  other 


convenient  location.  Within  this  cylinder 
works  a  piston.  The  pull  exerted  thereon  by 
the  water  pressure  is  transmitted  through  the 
piston  rods  to  a  number  of  sheaves,  which  in 
turn  operate  on  the  hoisting  ropes.  The  sheaves 
introduce  a  gear  ratio  varying  from  2:1  to  12:1 
between  the  ear  and  piston  travel.  The  ele- 
vator is  controlled  by  a  lever  placed  in  the  car, 
which  actuates  the  operating  valve.  For  the 
ascent,  the  valve  admits  water  to  act  on  the 
piston,  at  the  same  time  discharging  the  water 
underneath.   The  descent  of  the  car  occurs  by 


Fio  ?. — Standard  Hydraulic  Elevator  Vertical 
Cylinder  Geared  Type  Lever  Control. 

reason  of  its  unbalanced  weight,  the  water 
above  the  piston  being  allowed  to  flow  through 
a  circulating  pipe  to  the  space  underneath. 
About  the  year  1900  the  plunger  type  of  hy- 
draulic elevator  (Fig.  3),  (before  that  date 
applied  only  to  low  rises)  began  to  be  intro- 
duced for  high  speed  passenger  service.  In 
this  type  a  cylinder  of  a  length  equal  to  the  car 
travel  is  set  vertically  in  the  ground.  In  this 
cylinder  works  a  piston  or  plunger  of  the 
same  length,  carrying  the  car  on  its  top.  The 
weight  of  car  and  plunger  is  partially  counter- 
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5  Automatic  Cut-off  Valve  for  limited  car  travel,  at  top  8  Electric  Micro  Drive  Drum  Machine 
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15  Steel  Car  Frame  Fitted  with  Wedge  Clamp  Safety  12  Steel  Platform  with  Roll  Safety 
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balanced  by  a  weight  attached  to  the  car  frame. 
Although  this  type  of  elevator  had  a  larger 
power  consumption  and  was  more  difficult  to 
control  than  the  vertical  geared  elevator,  it 
succeeded  in  driving  the  latter  from  the  field. 
This  was  due  to  the  popular  belief  in  the 
greater  safety  of  the  plunger  elevator,  since 
the  load  to  all  outward  appearance  was  sup- 
ported on  a  steel  column  and  not  suspended 
from  ropes  as  in  other  types.  As  a  matter  of 
fact  the  plunger  consisted  of  ordinary  com- 
mercial tubing,  finished  to  size  and  screwed 
together.  That  columns  of  this  nature  and  of 
lengths  up  to  about  300  feet  could  carry  loads 
without  buckling  was  due  to  the  counterbal- 
ance, which  for  high  rises  exceeds  the  weight 
of  live  load  and  car.  In  reality  therefore  part 
of  the  plunger  was  in  tension,  and  the  load,  in- 
stead of  being  supported  on  a  steel  column, 
was  again  suspended  from  ropes  overhead.  As 
the  plunger  rose  out 


of  the  cylinder,  its 
buoyancy  decreased. 
To  compensate,  there- 
fore, the  weight  of 
the  counterweight 
ropes  per  foot  is  made 
equal  to  half  of  the 
weight  of  water  dis- 
placed by  one  foot  of 
plunger.  In  a  high 
rise  plunger  elevator 
the  masses  to  be  set 
in  motion  and  stop- 
ped are  quite  consid- 
erable. For  a  rise  of 
200  feet,  for  example, 
the  plunger  may 
weigh  4,000  pounds, 
the  car  4,000  pounds, 
the  ropes  2,000 
pounds,  counter- 
weight, 4,000  pounds, 
live  load,  2,500 
pounds.  For  this 
reason,  the  control  of 
the  elevator  at  high 
speeds  became  diffi- 
cult, notwithstanding 
the  allowance  of  a 
liberal  amount  of  un- 
derbalance  and  sur- 
plus pressure.  The  control  of  the  elevator  is 
effected  by  means  of  a  lever  actuating  an  oper- 
ating valve  (Fig.  4),  which  at  the  will  of  the 
operator  permits  water  to  flow  into  the 
cylinder  for  the  ascent,  or  out  of  the  cylinder 
for  the  descent.  In  addition,  two  automatic 
top  valves  (Fig.  5)  are  furnished,  automatically 
to  stop  the  elevator  at  the  limits  of  its 
travel.  Another  type  of  hydraulic  elevator 
machines,  which  may  be  dismissed  with  simple 
reference,  is  the  horizontal  hydraulic  machine. 
It  consists  of  a  cylinder  set  horizontally.  As 
in  the  vertical  geared  machine,  the  piston  oper- 
ates a  numl>er  of  multiplying  sheaves.  This 
type  is  distinguished  as  of  the  pushing  or 
pulling  type  depending  on  whether  the  piston 
rod  is  in  compression  or  tension.  The  desired 
water  pressure  is  generally  obtained  by  steam 
or  electrically  driven  pumps.  On  low  pres- 
sure systems  of  about  150  pounds  per  square 
inch,  the  pumps  deliver  the  water  into  a  pres- 
sure tank,  which  absorbs  the  pump  pulsations 
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FiC.  3.  —  Plunder  passenger 
elevator  lever  control. 


and  serves  as  a  storage  of  power.  In  high 
pressure  systems,  generally  of  about  800  pounds 
per  square  inch,  the  pumps  deliver  the  water 
into  a  weighted  accumulator.  The  water  dis- 
charged by  the  machines  is  collected  in  a  dis- 
charge tank  from  which  again  the  pumps  are 
supplied. 

In  addition  to  the  types  of  hydraulic  ele- 
vators mentioned  above,  there  are  the  so-called 
aero-hydraulic  and  hydro-steam  elevators.  The 
elevator  proper  may  be  of  any  one  of  the 
hydraulic  types  already  described,  but  they 
differ  in  respect  to  the  manner  in  which  the 
hydraulic  pressure  is  obtained.  In  the  aero- 
hydraulic  machine  a  tank  partly  filled  with 
water  is  connected  to  a  supply  of  air  pressure. 
The  elevator  ascends  by  simultaneously  admit- 
ting air  into  the  tank  and  water  into  the 
cylinder.  For  the  descent,  the  air  is  dis- 
charged, while  the  machine  returns  the  water 
to  the  tank.  In  the  hydro-steam  elevator, 
steam  is  employed  in  place  of  air.  All  hy- 
draulic elevators  absorb  the  same  amount  of 
power  in  each  cycle  of  their  operation,  inde- 
pendently of  the  live  load  in  the  cage.  The 
power  consumption  for  this  reason,  notwith- 
standing an  excellent  mechanical  efficiency,  is 
quite  large.  In  addition,  the  speed  of  the  hy- 
draulic elevators  varies  largely  with  the  load 
in  the  car. 

Electric  Elevators.— These  excel  the  hy- 
draulic elevator  by  reason  of  a  speed  practi- 
cally independent  of  the  load  and  by  a  lower 
power  consumption.  They  may  generally  be 
classed  as  having  machines  with  winding  drums 
or  machines  with  traction  sheaves.  Further, 
distinction  is  made  in  respect  to  the  type  of 
gearing  employed,  into  worm  gear,  worm  and 
spur  gear,  herring-bone  gear,  gearless  or  1 :1 
and  2:1  gearless  machines. 

Fig.  6  shows  a  typical  worm  gear  machine 
with  winding  drum.  The  motor  in  the  illus- 
tration is  of  the  direct  current  type,  but  may 
be  alternating  of  single  or  polyphase.  The 
brake  is  placed  between  motor  and  gear  hous- 
ing and  is  of  the  shoe  type  with  springs  to 
hold  the  shoes  in  frictional  contact  with  the 
brake  pulley.  The  brake  is  released  only  upon 
the  admittance  of  current  to  the  brake  magnet 
and  is  applied  immediately  upon  the  interrup- 
tion of  the  current  supply  thereto.  The  hoist- 
ing cables  lead  from  the  cage  to  the  face  of 
the  drum,  where  they  are  solidly  anchored.  At 
the  opposite  side  of  the  drum  a  counterweight 
is  attached,  adapted  to  counterbalance  the  cage 
and  live  load.  Frequently  also  a  second  coun- 
terweight is  employed,  suspended  directly  from 
the  cage.  The  weight  of  the  counterweight 
where  one  is  used,  or  their  aggregate  weight 
where  two  are  used,  is  made  to  exceed  the 
weight  of  the  cage  by  an  amount  of  from  30 
to  50  per  cent  of  the  maximum  load.  On  ac- 
count of  this  arrangement  a  relatively  small 
motor  can  be  employed  since  it  will  be  subject 
only  to  from  70  to  50  per  cent  of  the  maximum 
load  when  lifting  the  same.  When  lowering 
the  empty  cage  the  load  on  the  motor  corre- 
sponds to  from  30  to  50  per  cent  of  the  maxi- 
mum load.  The  worm  runs  partially  sub- 
merged in  oil  (preferably  castor  oil)  and  owing 
to  the  excellent  lubrication  the  efficiency  of 
worm  gearing  is  higher  than  usually  antici- 
pated. The  roping  employed  in  a  traction  ele- 
vator installation  is  shown  diagrammatically  in 
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Fig.  7  and  will  also  be  evident  from  Fig.  8. 
The  machine  is  usually  and  preferably  located 
overhead.  The  ropes  pass  from  the  car  to  the 
traction  sheave,  thence  to  an  idler  or  second- 
ary sheave  and  again  over  the  traction  sheave 
to  the  counterweight.  The  tension  due  to  the 
weights  of  car  and  counterweight  and  the 
approximately  two  half  wraps  of  contact  be- 
tween the  ropes  and  traction  sheave  furnish 
the  necessary  adhesion  to  transmit  motion  from 
the  traction  sheave  to  the  elevator  without  slip. 
This  adhesion  is  instantly  destroyed  if  either 
car  or  counterweight  is  obstructed  in  its  de- 
scent, in  which  case  motion  of  the  elevator 
must  cease  even  though  the  machine  keeps  on 
revolving.  This  property  is  a  most  valuable 
safety  feature  of  the  machine  with  traction 
sheave.  By  arranging  the  car  to  land  on  an 
oil  buffer  at  the  lower  landing  and  by  simi- 
larly obstructing  the  further  descent  of  the 
counterweight  when  the  car  is  at  the  upper 
landing,  the  car  travel  is  absolutely  fixed  be- 
tween two  limits.  Another  advantage  of  the 
traction  machine  lies  in  the  fact  that  the  width 
of  the  traction  sheave  is  independent  of  the 
height  of  the  building.  For  a  given  capacity 
therefore,  a  standard  machine  can  be  provided, 
irrespective  of  the  elevator  travel.  In  the 
1:1  traction  machine  (Fig.  7)  the  traction 
sheave  is  mounted  directly  on  the  motor  shaft. 
As  the  illustration  shows,  the  construction  of 
the  machine  is  simplicity  itself.  It  consists  of 
an  armature  with  extended  shaft,  carrying  a 
brake  pulley  and  a  traction  sheave,  all  sup- 
ported on  two  bearings.  At  full  speed  the 
motor  runs  at  about  only  60  revolutions  per 
minute.  Reductions  in  speed  are  obtained  by 
means  of  field  control  and  by  manipulation  of 
resistance  in  series  and  parallel  with  the  arma- 
ture. Contrary  to  popular  belief  motors  for 
such  low  speeds  can  be  made  with  as  high 
efficiency  as  high  speed  motors,  although,  of 
course,  the  motor  frame  assumes  considerable 
dimensions.  Owing  further  to  the  absence  of 
gears,  the  1  :1  traction  machine  has  the  highest 
efficiency  of  any  elevator  machine  yet  designed. 
Wherever  it  has  replaced  existing  hydraulic 
elevators,  the  saving  in  power  consumption  has 
paid  for  the  new  installation  within  a  few  years. 
The  microdrive  machine  shown  in  Fig.  8  de- 
rives its  name  from  the  fine  adjustments  in  the 
stopping,  which  can  be  made  with  this  machine 
in  a  manner  not  unlike  the  action  of  a  microm- 
eter. 

To  obtain  accurate  stops  level  with  the  land- 
ing it  is  necessary  to  slow  down  the  cage  to  an 
extremely  slow  speed.  In  the  microdrive  ma- 
chine this  is  obtained  by  having  a  main  machine 
(which  may  be  of  any  desired  type)  for  ordi- 
nary hoisting  purposes  and  an  auxiliary  ma- 
chine for  the  stop.  The  main  and  auxiliary 
machines  may  be  coupled  together  by  a  mag- 
netically operated  clutch  carried  on  an  exten- 
sion of  the  main  motor  shaft.  At  the  start, 
the  coupling  is  released  leaving  the  main  ma- 
chine free  to  hoist  the  load.  Shortly  before 
the  stop  the  current  supply  to  the  main  motor 
is  interrupted  while  simultaneously  the  auxili- 
ary motor  is  started  up  and  the  coupling  ap- 
plied. The  effect  of  this  operation  is  that  the 
load  is  now  transferred  to  the  auxiliary  ma- 
chine, which  drives  the  drum  through  its  own 
and  the  main  gear  reduction.  The  cage  there- 
fore proceeds  to  the  landing  at  extremely  slow 


speed  controlled  by  an  automatic  leveling  de- 
vice. 'Ihc  t unction  oi  th.s  device  is  not  only 
to  stop  the  cage  Hush  at  the  landing,  but  to 
maintain  the  alignment  between  cage  and  land- 
ing during  loading  and  unloading.  If  for 
example  a  heavy  loaded  truck  is  rolled  onto 
the  car,  the  stretch  of  the  hoisting  ropes  will 
cause  the  platform  to  sink  below  the  landing 
as  soon  as  the  front  wheels  of  the  truck  rest 
on  the  car  floor.  This  will  cause  the  auxiliary 
motor  immediately  to  restore  the  alignment  be- 
tween car  and  landing  before  the  rear  wheels 
pass  onto  the  platform.  The  controlling  device 
most  in  use  with  electric  elevators  consists  of 
a  lever  in  the  car  operating  a  number  of  con- 
tacts. These  in  turn  energize  magnets  as- 
sembled on  a  controller  panel  near  the  machine. 
The  operator  controls  only  the  direction  in 
which  the  car  is  to  travel,  the  fast  and  the  slow 
speed.  Operations  such  as  releasing  the  brake 
and  stepping  out  the  starting  resistance  occur 
automatically.  In  push  button  controlled  ele- 
vators, each  landing  is  provided  with  a  button 
to  call  the  elevator  to  that  landing.  The  cage 
is  provided  with  a  series  of  buttons  to  dis- 
patch the  cage  to  any  desired  floor.  A  passen- 
ger desiring  to  use  the  elevator  presses  the 
button  placed  near  the  elevator  shaft,  and  the 
car,  if  not  in  use,  immediately  travels  to  that 
floor  and  stops  automatically.  When  the  car 
has  come  to  rest,  the  door  can  be  opened.  The 
passenger  enters,  closes  the  door  and  presses  a 
button  corresponding  to  the  floor  to  which  he 
wishes  to  travel  and  the  car  at  once  proceeds 
thereto.  It  will  be  seen  that  the  push  button 
elevator  is  entirely  automatic  in  its  operation, 
having  the  advantage  of  not  requiring  an  at- 
tendant. 

Although  this  type  of  control  was  de- 
veloped many  years  ago,  it  has  in  the  past 
found  application  only  to  slow  speed  residence 
and  apartment-house  elevators  for  the  lack  of 
a  machine  capable  of  making  accurate  stops 
level  with  the  land'ng.  With  the  advent  of  the 
microdrive  machine,  however,  this  type  of 
control  is  receiving  increased  attention  and  tt 
is  safe  to  predict  that  it  is  destined  to  come 
into  general  use. 

Safety  Appliances.— While  the  factor  of 
safety  in  the  standard  make  of  elevators  is  such 
that  accidents  rarely  occur  and  practically  never 
where  proper  attention  is  paid  to  the  machinery, 
still  all  elevators  (except  plunger  elevators) 
are  equipped  with  safety  grips.  Of  the  very 
large  variety  of  safeties,  only  those  types  which 
have  found  extensive  application  will  here  be 
described.  With  wood  guides  the  type  of 
safety  generally  used  consists  of  an  arrangement 
of  planer  teeth  forced  into  the  guides  and  pro- 
ducing resistance  by  planing  or  grooving  the 
wood  as  the  car  descends.  Figs.  9  and  10  show- 
one  form  of  this  type  of  safety.  With  steel 
guide  rails  the  types  in  use  arc  the  roll,  wedge 
clamp  and  the  flexible  guide  clamp  safeties. 
The  roll  safety  —  shown  on  Figs.  11  and  12  — 
emplovs  a  corrugated  steel  roller,  adapted  to  be 
forced  into  the  apex  of  an  angle,  formed  by 
the  guide  rail  and  the  inclined  surface  of  the 
safety  block.  The  antrle  usually  is  small  so  as 
to  make  the  roller  self-locking.  Th's  in  turn 
causes  an  abrupt  stop,  so  that  the  safety  can 
be  used  only  for  low  car  speeds.  In  the  wedge 
clamp  safety,  the  rails  are  gripped  between  the 
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jaws  of  two  clamps.  As  shown  in  Fig.  13  the 
safety  is  actuated  by  a  drum  having  a  hub  pro- 
vided with  right  and  left  hand  screw  threads 
which  engage  with  two  screws.  Rotation  of  the 
drum  in  the  proper  direction  moves  the  screws 
outwardly,  forcing  the  wedges  at  the  ends  of 
the  screws  between  the  rollers  of  the  clamp 
levers  and  causing  the  jaws  to  grip  the  rails. 
The  drum  is  provided  with  a  few  wraps  of 
rope,  one  end  of  which  is  fastened  to  the  drum 
and  the  other  to  the  governor  rope 

Let  us  now  imagine  a  falling  car,  equipped 
v.iih  a  wedge  clamp  safety  as  here  described, 
and  analyze  what  will  happen.  Let  us  further 
.assume  that  the  normal  speed  of  the  car  is  600 
feet  per  minute.  The  governor  (Fig.  14) — so 
as  not  to  interfere  with  moderate  speed  varia- 
tions from  natural  causes  —  will  be  set  to  trip 
at  800  feet  per  minute;  that  is  to  say,  as  soon 
as  the  speed  of  the  car  reaches  800  feet  per 
minute,  the  governor  jaws  will  grip  the  gov- 
ernor rope,  causing  the  latter  to  come  to  rest 
ruickly.  As  a  consequence,  the  rope  on  the 
safety  drum,  having  one  end  fastened  to  the 
governor  rope,  will  unwind  while  the  car  keeps 
on  falling.  This  will  cause  the  safety  drum  to 
rotate,  actuating  the  safety  mechanism.  Before, 
however,  the  jaws  grip  the  rail,  all  of  the  clear- 
ances must  have  been  taken  up.    During  this 


celeration  of  the  governor  rope.  It  will  there- 
fore be  seen  that  there  is,  at  high  speed,  a 
considerable  increment  in  the  retarding  force 
( xcrted  by  the  clamps,  resulting  in  undesirably 
heavy .  retardations.  Another  disadvantage  is 
due  to  the  fact  that  the  safety  must  be  made 
self-locking  so  that  it  will  not  release  its  grip 
on  the  rails,  should  the  governor  rope  break 
If,  therefore,  during  the  slide  of  the  jaws  on 
the  rails,  variations  in  the  thickness  of  the  rails 
occur,  the  jaws  can  yield  only  by  virtue  of  their 
elasticity.  That  this  will  cause  enormous  varia- 
tions in  the  retarding  force  in  the  one  or  the 
other  clamp  is  plain  and  it  is  therefore  no 
surprise  that  the  platform  frequently  comes 
to  a  stop  altogether  out  of  level.  These  dis- 
advantages have  led  to  the  development  of  the 
flexible  guide  clamp  safety,  first  introduced  in 
1916  and  now  rapidly  superseding  the  type  de- 
scribed above.  Each  of  its  clamps  has  two 
jaws,  one  solid  and  the  other  provided  with 
a  wedge  having  its  face  slightly  inclined  toward 
ihe  guide  rail.  Both  jaws  are  pivoted  and  are 
adapted  to  compress  a  spring  held  between  the 
clamp  levers.  The  spring  is  normally  free  from 
compression.  A  roller  is  adapted  to  be  brought 
in  contact  with  the  inclined  face  of  the  wedge 
on  one  side  and  the  guide  rail  on  the  other. 
The  inclination  of  the  former  is  such  that  once 


Pig.  13. —  Wedge  clamp  safety. 


time  the  car  falls  another  4  or  5  feet,  equiva- 
lent to  an  increase  in  speed  of  approximately 
1,000  feet  per  minute.  At  the  time  that  the 
application  of  the  safety  begins,  the  car  speed 
therefore  has  assumed  very  considerable  over- 
feed, amounting  in  the  present  example  to 
1,800  feet  per  minute.  This  is  decidedly  a  dis- 
advantage. The  jaws  now  grip  the  rail  and,  as 
a  consequence,  the  rotation  of  the  safety  drum 
stops.  The  governor  rope,  previously  at  rest, 
is  therefore  suddenly  accelerated  to  the  car 
speed  of  1,800  feet  per  minute  and  begins  to 
slip  through  the  governor  jaws.  The  force  then 
exerted  on  the  periphery  of  the  safety  drum, 
which  is  a  direct  measure  for  the  retarding 
force  exerted  by  the  clamp,  is  the  sum  of  fric- 
tion caused  by  the  grip  of  the  governor  on  the 
governor  rope  and  of  the  force  necessary  to 
suddenly  accelerate  the  same  to  car  speed.  Now 
it  will  be  clear,  that  in  the  present  example  the 
safety  should  be  designed  to  stop  the  car  at 
any  speed  above  800  feet  per  minute.  At  a 
speed  of  800  feet  per  minute,  however,  the 
effect  of  the  sudden  acceleration  of  the  gov- 
ernor rope  is  small  and  most  of  the  work  is 
done  by  the  friction  caused  by  the  grip  of  the 
governor  on  the  governor  rope.  If,  however, 
the  car  actually  falls,  action  of  the  safety  be- 
gins at  a  speed  of  1,800  feet  per  minute  with 
a  very  considerable  effect  of  the  sudden  ac- 


this  contact  is  established,  the  roller  continues 
to  climb  upwards  until  its  motion  is  arrested. 
In  doing  so,  it  -first  forces  the  solid  jaw  to 
engage  with  the  rail,  after  which  it  will  cause 
the  wedge  —  and  therewith  the  jaw  containing 
the  wedge  —  to  recede  from  the  rail.  The  lat- 
ter jaw  thereby  swings  around  its  pivot  and 
compresses  the  spring.  The  rail,  therefore,  will 
be  gripped  between  the  solid  jaw  on  one  side 
and  the  roller  on  the  other  side  with  a  force 
corresponding  to  the  spring  compression.  Since 
the  travel  of  the  roller  is  limited,  the  maximum 
amount  of  spring  compression  is  also  fixed  and, 
with  that,  the  retard. ng  force  which  the  clamps 
exercise  can  be  arranged  to  be  just  sufficient 
for  a  smooth  stop  from  any  speed.  It  will  be 
seen  that  the  operation  of  the  safety  begins 
immediately  from  the  moment  that  the  roller 
makes  contact  with  the  wedge  and  rail.  The 
time  lag  between  the  operation  of  the  actuating 
mechanism  and  the  gripping  of  the  rails,  exist- 
ing with  the  wedge  clamp  safety,  is  here  prac- 
tically eliminated;  indeed,  the  flexible  guide 
clamp  safety  responds  immediately  to  any  de- 
mand for  its  operation. 

Another  advantage  of  this  type  of  safety 
lies  in  the  fact  that  it  is  practically  not  affected 
by  slight  changes  in  the  thickness  of  the  rail. 
This  is,  of  course,  due  to  the  very  flexible 
arrangement  of  the  jaws.    A  slight  increase  in 
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the  thickness  of  the  rail  will  merely  result  in 
a  somewhat  higher  spring  compression  without 
much  increase  in  the  retarding  force  of  the 
clamps.  The  operation  of  a  safety  by  means 
of  a  speed  governor  always  has  the  disad- 
vantage that  no  action  occurs,  except  at  a 
certain  ovcrspced.  If,  for  example,  the  hoist 
ropes  break  while  the  car  is  at  rest,  it  is  rather 
contrary  to  common  sense  to  permit  the  car 
to  fall  and  gather  speed  before  the  safety  is 
applied.  For  this  reason,  the  flexible  guide 
clamp  safety  is  arranged  to  be  actuated  in  three 
different  manners,  viz.,  first,  in  the  ordinary 
way  by  means  of  a  speed  governor;  secondly, 
immediately  upon  the  breaking  of  the  ropes 
and  thirdly,  at  the  will  of  the  operator. 

Air  Cushions. —  An  air  cushion  is  the  en- 
closure of  the  bottom  part  of  the  shaft  to  a 
height  of  from  one-sixth  to  one-third  of  the 
car  travel  with  just  sufficient  clearance  for  the 


Fig.  16  — Oil  buffer  with  sprinR  return. 


normal  operation  of  the  elevator.  At  high 
speed,  therefore,  the  action  is  that  of  a  piston 
within  a  cylinder.  It  is  intended  as  an  addi- 
tional safeguard  in  case  all  other  safety  de- 
vices fail.  The  speed  .of  a  falling  car  within 
the  air  cushion  is  controlled  in  various  manners, 
all  tending  to  decrease  the  area  through  which 
air  is  permitted  to  escape,  as  the  car  ncars  the 
bottom  of  the  shaft. 

One  of  the  advantages  claimed  for  the  air 
cushion  is  that  it  has  no  moving  parts,  so  that 
no  disarrangement  can  occur  to  prevent  its 
operation.  This  claim,  however,  is  not  justified 
since,  of  course,  there  must  be  a  number  of 
doors  within  the  air  cushion  zone  for  the  in- 
gress and  egress  of  passengers.  One  of  these 
left  open  or  blown  open  by  the  air  pressure 
may  be  sufficient  to  put  the  entire  air  cushion 
out  of  commission.  • 

The  main  defect,  however,  is  that  a  car  at 
the  top  of  the  shaft  is  permitted  to  fall  free 
for  a  distance  of  from  five-sixths  to  two-thirds 


CENTURY 

of  the  height  of  the  shaft  before  entering  the 

cushion.  As  a  consequence,  the  speed  of  the 
car  at  the  entrance  of  the  cushion  is  enormous 
and  large  retardations  —  dangerous  to  life  and 
limb  — have  to  be  allowed  to  bring  the  car  to 
rest  within  a  comparatively  small  distance.  By 
actual  tests,  velocities  at  the  entrance  of  the 
air  cushion  as  high  as  10,000  feet  per  minute 
have  been  measured.  Retardations  observed 
have  been  as  much  as  10  times  gravity,  sub- 
jecting a  person  standing  in  the  car  to  11  times 
his  weight.  Air  pressures  have  been  measured 
as  high  as  16  pounds  per  square  inch  from 
which  it  will  be  evident  that  a  heavy  construc- 
tion of  the  cushion  and  doors  is  required. 

Oil  Buffers. —  With  particular  reference  to 
high  speed  electric  elevators,  it  is  highly  im- 
probable, but  yet  conceivable,  that  all  of  the 
switches,  which  constitute  the  automatic  stop- 
ping device  at  the  terminal  landings,  fail.  Un- 
der such  conditions,  the  car  will  proceed  at 
normal  speed  and  since  —  in  the  absence  of 
overspeed  —  the  safety  remains  inactive,  there 
is  no  agent  to  prevent  the  cage  from  striking 
the  limits  of  its  travel.  Accidents  of  this  kind 
are  made  impossible  by  the  installation  of  oil 
buffers.  One  or  more  of  them  are  placed  in 
the  pit  and  are  struck  by  the  cage  as  it  over- 
runs the  bottom  landing.  Another  buffer  is 
usually  attached  to  the  counterweight  and 
comes  into  operation  when  the  cage  overruns 
the  top  landing.  The  construction  of  an  oil 
buffer  is  shown  in  Fig.  16.  It  consists  of  an 
outside  casing  with  a  cylinder  within  and  a 
piston  operating  in  the  cylinder.  Casing  and 
cylinder  arc  filled  with  oil.  When  the  car 
strikes  the  buffer  and  the  piston  descends,  oil 
is  forced  out  of  the  cylinder  through  holes,  so 
arranged  in  number  and  position  that  the  resist- 
ance offered  by  the  lluid  is  just  sufficient  to 
bring  the  car  to  an  easy  stop  within  the  stroke 
of  the  buffer.  The  piston  is  returned  to  the 
upper  position  by  a  spring.  Consult  Baxter, 
William,  ' Hydraulic  Elevators'  ;  Hymans,  F., 
'Elevators  in  the  Oliver  Building*  (in  Electric 
Journal  V)\\)  ;  Hethman,  H.,  '  Der  Aufzugbau'; 
Ernst.  Adolf,  'Die  Hcbezcugc';  Lindquist,  D., 
'Modern  Electric  Elevators  and  Elevator  Prob- 
lems' (in  Transactions  of  the  American  Society 
of  Mechanical  Engineers,  Vol.  XXXVII)  ;  id.. 
-The  Micro-drive  Machine*  (1917). 

David  LiNuyfisT, 
Engineering  Department,  Otis  Elevator  Com- 
pany. 

ELEVENTH  CENTURY,  The.  The  10th 
century  is  commonly  said  to  have  been  an  es- 
pecially backward  period  in  human  achieve- 
ment, due  to  the  belief  then  prevalent  that  the 
world  was  coming  to  an  end  in  the  year  1000. 
This  superstition  is  supposed  to  have  placed  an 
inhibition  upon  human  effort  which  kept  men 
from  serious  work.  An  interesting  commentary' 
on  this  generally  accepted  impression  is  to  be 
found  in  the  fact  that  the  two  men  in  the 
world's  most  prominent  positions  of  the  time, 
that  is  as  emperor  and  rope,  who  lived  over 
from  the  10th  to  the  11th  century'.  »rc  distin- 
guished in  history  for  their  intellectual  abilities 
while  their  lives  are  striking  examples  of  the 
deep  mental  interests  of  the  time.  The  Pope 
was  Sylvester  II  (999-1003)  who  before  he 
became  Pope  was  known  as  the  famous  Gcr- 
bcrt,  the  most  distinguished  scholar  of  the 
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period.  Gerbcrt  wrote  a  series  of  works  on 
philosophical,  mathematical  and  physical  sub- 
jects which  have  been  preserved  and  which 
serve  to  illustrate  the  breadth  of  intellectual 
interest  of  the  men  of  his  time.  He  was  no 
merely  academic  scholar  but  a  man  of  very 
practical  ability,  for  he  is  said  to  have  intro- 
duced the  use  of  Arabic  figures  into  western 
Europe  and  to  have  invented  the  pendulum 
clock.  A  great  improvement  in  the  organ  is 
also  attributed  to  him  and  he  is  said  to  have 
notably  influenced  the  development  of  music. 
As  Pope,  he  is  known  for  his  determined  in- 
sistence on  the  elevation  only  of  men  of  un- 
blemished character  to  the  episcopal  office  and 
his  consistent  reformation  of  abuses.  He  main- 
tained Church  discipline  firmly,  especially  in 
matters  of  the  moral  law,  even  where  it  con- 
cerned kings  and  was  undoubtedly  a  man  of 
saintly  character.  In  spite  of  this,  popular 
legend  gradually  attributed  to  him  the  powers 
of  a  magician  in  league  with  the  devil  and  after 
some  generations  his  name  became  a  byword. 
The  incident  is  illuminating  because  it  demon- 
strates how  little  the  Church  was  able  to  pre- 
vent such  perversions  on  the  part  of  the  people 
of  the  real  significance  of  scientific  knowledge 
and  original  discovery. 

The  emperor  of  the  transition  to  the  second 
millennium  was  Otto  III,  an  orphan  brought  up 
by  his  grandmother  Adclheid,  assisted  by  a  civil 
and  ecclesiastical  council  who  assumed  the 
government  and  made  every  effort  to  give  the 
boy,  who  was  destined  to  be  the  ruler  of  the 
larger  part  of  Europe,  a  fitting  education. 
Nothing  shows  so  clearly  how  much  they  valued 
education,  nor  how  well  founded  were  the  ideas 
with  regard  to  it  at  this  time,  than  the  details 
of  Otto's  training  as  they  have  come  to  us. 
The  council  thought  first  about  his  body,  and 
his  physical  training  was  entrusted  to  Count 
Hoiko  of  Saxony.  His  mental  education  was 
begun  under  Berwand,  late  bishop  of  Hildcs- 
heim,  known  both  as  litterateur  and  artist,  and 
famous  for  his  interest  in  schools  of  the  arts 
and  crafts.  To  him  the  Bcrnward  Cross  and 
other  beautiful  objects  of  high  artistry  are  due. 
Later  Otto's  education  was  entrusted  to  the 
famous  Gerbcrt,  deservedly  considered  the 
greatest  scholar  of  the  period.  Special  pro- 
vision was  made  for  the  teaching  of  Greek  to 
the  young  prince,  and  John  of  Calabria,  where 
Greek  was  still  a  spoken  language,  was  chosen 
for  this  purpose.  These  measures  were  so  suc- 
cessful that  Otto  III  as  a  young  man  received 
the  title  of  "wonder  of_  the  world.*  When  he 
reached  the  age  of  15  he  assumed  the  im- 
perial power,  and  his  tutor,  Gerbcrt,  took  the 
occasion  to  remind  him  "how  much  had  been 
given  to  him  and  therefore  how  much  must 
be  expected  of  him ;  by  Divine  Providence  he- 
was  by  birth  a  Greek  (his  mother  was  Thc- 
ophano,  the  daughter  of  the  Byzantine  Em- 
peror, Romanus  II),  by  dominion  a  Roman, 
and  that  he  had  inherited  the  treasures  of  Greek 
and  Roman  wisdom;  as  a  monarch  he  was 
obeyed  in  Germany,  France  and  Italy  as  well  as 
by  the  Slavs,  and  that  he  wore  the  greatest 
crown  in  the  world  " 

Young  Otto  as  he  approached  the  age  of  20 
had  high  aspirations  and  dreams  of  restoring 
the  ancient  glories  of  Rome  so  as  to  make  it 
the  capital  of  his  empire  and  to  surround  it 
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with  the  magnificent  circumstance  of  the 
Byzantine  court.  Personally,  however,  he 
exhibited  a  humility  in  striking  contrast  to  his 
position  as  a  monarch  and  his  talent  as  a 
scholar.  He  proclaimed  himself  the  "slave 
of  Jesus  Christ  and  his  Apostles*  and  on  his 
visit  to  Rome  insisted  on  spending  a  fortnight 
in  the  catacombs  of  the  great  church  of  Saint 
Clement  in  fasting  and  prayer.  He  spent  some 
time  in  the  cave  of  Saint  Benedict  at  Subiaco 
in  order  to  testify  his  admiration  for  the  man 
who  had  begun  the  organization  of  modern 
civilization  in  the  trying  times  of  the  trans- 
migration of  the  nations,  but  also  in  order  to 
ask  for  help  in  his  own  work  as  he  looked 
forward  to  it  of  turning  the  attention  of  the 
world  to  higher  things. 

Unfortunately  neither  of  these  men  was 
destined  to  live  long  to  influence  the  new  millen- 
nium. The  young  Emperor  Otto  died  23  Jan. 
1002,  and  Gerbert  followed  him  to  the  grave 
on  12  Mav  1003.  "Short  as  was  his  life  and  few 
his  acts,  Otto  III  is  in  one  respect  more  memor- 
able than  any  who  went  before  or  came  after 
him.  None  save  he  desired  to  make  the  seven- 
hilled  city  again  the  seat  of  dominion,  reduc- 
ing Germany  and  Lombardy  and  Greece  to 
their  rightful  place  of  subject  provinces.  No 
one  else  forgot  the  present  to  live  in  the  light 
of  the  ancient  order ;  no  other  soul  was  so 
possessed  by  that  fervid  mysticism  and  that  rev- 
erence for  the  glory  of  the  past  whereon  rested 
the  idea  of  the  mediaeval  empire."  (Bryce,  'The 
Holy  Roman  Empire').  Thus  opened  the 
second  millenuum. 

Otto  III  was  the  last  of  the  Ottos,  and  as 
he  died  unmarried  three  claimants  to  the  throne 
brought  confusion  and  warfare  to  the  world 
of  the  time  and  opened  a  century  that  was  to  be 
full  of  war.  Henry  II  the  Saint  who  succeeded 
was  the  last  of  the  Saxon  emperors.  His  reign 
is  a  bright  spot  in  the  century  and  after  him 
the  crown  passed  to  the  Franks  in  the  person 
of  Conrad  II  who  reigned  for  some  15  years 
and  then  was  buried  in  the  cathedral  of  Spires 
which  he  had  founded.  After  him  came  Henry 
III  and  then  Henry  IV  who  succeeded  to  the 
empire  at  the  early  age  of  six  years  and  is 
known  in  history  for  his  recurring  quarrels 
with  Pope  Gregory  VII. 

It  is  not  surprising  to  find  that  a  century 
which  opened  thus  auspiciously  for  the  in- 
tellectual life  in  its  greatest  representatives 
should  have  witnessed  the  development  of 
w  hat  is  practically  the  first  university  of  modern 
times,  that  of  Salerno.  It  was  founded  around 
a  medical  school  largely  under  the  influence 
of  the  Benedictines  whose  mother  house  of 
Monte  Cassino  was  not  far  away.  The 
greatest  teacher  of  this  century  was  Constantine 
Africanus  who  afterward  became  a  Benedictine, 
withdrawing  to  Monte  Cassino.  According  to 
an  old  document  published  by  De  Renzi  in  his 
'Collectio  Salernitana'  it  is  definitely  recorded 
that  the  school  was  founded  by  four  doctors, 
a  Greek,  a  Saracen,  an  Arab  and  a  Jew,  each 
of  whom  lectured  in  his  native  language.  This 
is  probably  only  a  tradition  invented  to  account 
for  the  wide  interest  in  the  school.  The  Greek 
influence  as  is  not  surprising  here  in  southern 
Italy,  which  used  to  be  called  Magna  Graecia, 
was  the  strongest  As  has  been  pointed  out 
by  Gurlt  in  his  'History  of  Surgery,'  the  writ- 
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ings  of  the  Salcrnitan  physicians  contain 
Grecisms  and  not  Arabisms.  The  influence  of 
the  Arabs  was  comparatively  slight  and  was 
due  entirely  to  the  fact  that  certain  of  the  old 
Greek  authors  were  available  only  in  Arab 
translations  and  this  gave  Arab  physicians  a 
certain  prestige.  The  medical  school  at 
Salerno  became  so  famous  that  it  attracted 
students  and  patients  from  even  distant  parts 
of  Europe  and  Duke  Guiscard  sent  his  son 
Bohemund  to  Salerno  for  the  cure  of  a  wound 
which  had  refused  to  heal  under  the  ordinary 
surgical  treatment  of  the  time.  Robert,  the  son 
of  William  the  Conqueror  of  England,  is  said 
to  have  passed  some  time  in  Salerno  for  a 
similar  reason.  From  very  early  in  its  history 
Salerno  not  only  permitted,  but  seems  to  have 
encouraged,  women  medical  students,  and  the 
department  of  women's  diseases  was  placed 
entirely  in  their  charge.  As  a  consequence  of 
the  high  standards  maintained  in  medical  edu- 
cation at  Salerno  the  king  of  Sicily  issued 
rather  stringent  laws  with  regard  to  the  regu- 
lation of  the  practice  of  medicine  "tor  the 
protection  of  the  subjects  of  our  kingdom  from 
the  dangers  arising  from  the  ignorance  of 
practitioners.*  The  development  of  the  history 
of  medicine  in  recent  years  has  shown  that  the 
Salcrnitan  School  made  magnificent  achieve- 
ments in  surgery  and  that  its  favorite  remedial 
measures  were  fresh  air,  good  food,  water  in- 
ternally and  externally  and  rest.  The  'Regi- 
men Sanitatis  Salernitanum,'  the  little  book  of 
abstracts  f  rom  the  medical  advice  of  the 
teachers  at  Salerno,  written  originally  just 
before  the  close  of  the  11th  century,  was  for 
centuries  the  most  popular  medical  book  in 
Europe.  It  has  been  printed  in  more  than  300 
editions  since  the  invention  of  printing  and  has 
been  reprinted  in  most  of  the  modern  languages 
in  our  time. 

The  important  political  events  of  the  century 
were  due  to  the  continuation  of  the  incursions 
of  the  Northmen.  King  Aethelred  II.  "The 
Unready,"  had  tried  at  the  end  of  the  10th 
century  to  buy  off  the  Danes  from  further  in- 
vasions of  his  territory  in  England,  but  the  10,- 
000  pounds  of  silver  only  whetted  their  appe- 
tite for  conquest.  A  second  and  third  ransom 
were  no  more  effective,  and  then  an  organized 
massacre  of  the  invaders  (1002).  in  which 
the  Saxons  tried  to  repay  all  the  cruelty  of 
their  oppressors,  only  prompted  organized!  re- 
prisals. Sweyn  invaded  England  time  after 
time,  and  finally  (1013)  assumed  the  title  of 
k  ng  of  England.  Edmund  Ironside,  son  of 
Aethelred,  fought  with  a  heroism  that  has  made 
his  name  forever  memorable,  but  in  vain. 
Canute  after  Edmund's  death  (1016)  estab- 
lished the  Danish  rule,  and  as  he  was  the  mon- 
arch also  of  Denmark,  Sweden  and  Norway  as 
well  as  of  most  of  Scotland,  had  an  imperial 
domain.  He  proved  an  excellent  ruler  once  he 
had  securely  established  his  power,  and  the 
familiar  incidents  related  of  him.  as  when  he 
showed  his  flattering  courtiers  how  little  his 
power  really  was  on  the  seashore,  is  typical  of 
the  man.  He  made  a  visit  to  Rome,  omranized 
the  government  of  his  states  and  well  deserves 
a  place  among  the  great  rulers  of  history.  His 
death  was  the  signal  for  internal  dissensions  in 
his  empire  and  it  was  not  until  rebellions  had 
been  nut  down  that  Hardicanute  succeeded  him. 

The  Irish  suffered  also  from  the  invasions 


of  the  Danes,  but  the  Northmen  were  definitely 
defeated  by  Brian  Boru  at  the  great  battle  of 
Clontarf  not  far  from  Dublin,  1014.  Brian 
had  secured  his  place  of  High  King  by  previous 
defeats  of  the  Danes  and  gave  the  example  of 
military  success  as  a  claim  for  the  position  of 
ruler  with  very  unfortunate  effects  during  the 
next  two  centuries.  Brian  himself  and  his  son 
and  grandson  were  killed  at  the  battle  of 
Clontarf,  and  after  this  Ireland  was  plunged 
into  internal  dissensions. 

England  was  destined  to  have  a  quarter  of 
a  century  of  peace  and  goodwill  in  the  reign  of 
Edward  the  Confessor  who  on  Hardicanute's 
sudden  death  in  1042  was  called  by  acclamation 
to  the  throne,  at  the  age  of  about  40.  There 
were  no  wars  except  to  repel  an  inroad  of  the 
Welsh  and  to  assist  Malcom  III  of  Scotland 
against  Macbeth  the  usurper.  Edward  de- 
voted himself  to  the  welfare  of  his  people.  His 
royal  patrimony  sufficed  for  even  his  generous 
donations  to  the  poor  and  for  religion  without 
taxes.  "The  good  Saint  Edward's  laws"  were 
often  demanded  by  the  English  of  subsequent 
generations  in  times  of  oppression.  In  their 
affection  and  reverence  for  him  the  people 
came  to  be  touched  by  his  hands  in  certain 
ailments  and  so  "the  King's  Touch"  became 
a  tradition  for  English  royalty. 

For  the  west  of  Europe  the  significant 
event  of  the  century  was  the  Conquest  of  Eng- 
land by  the  Normans,  1066.  The  duchy  of  Nor- 
mandy, the  district  at  the  north  of  France 
which  had  been  given  over  to  the  sea  rovers 
from  the  Scandinavian  countries  in  the  hope 
thus  to  create  a  barrier  against  further  in- 
vasion, had  been  growing  in  power  and  pros- 
perity for  several  generations.  William  the 
Conqueror  became  one  of  the  most  important 
sovereigns  bv  his  acquisition  of  England.  He 
led  some  60,000  soldiers  of  fortune  on  the  ex- 
pedition. Emerson  in  'English  Traits'  sums  it 
up  as  "these  founders  of  the  House  of  Lords 
were  greedy  and  ferocious  dragoons,  sons  of 
greedy  ana  ferocious  pirates."  The  English 
people  had  given  the  crown  to  Earl  Harold, 
"the  Last  of  the  Barons"  but  on  the  strength 
of  a  promise  made  by  King  Edward  the  Con- 
fessor, who  was  through  his  mother  a  kins- 
man of  the  Duke  of  Normandy,  William 
claimed  the  throne.  The  Enelish  King  Harold 
found  himself  compelled  to  defend  h  msclf 
against  Harold  Hardrada,  king  of  the  North- 
men, so  that  he  had  two  enemies  to  contend 
v  ith.  He  defeated  Harold  of  Norway,  but  was 
himself  defeated  and  slain  in  the  famous  battle 
of  Hastings  or  Senlac.  The  English  still  op- 
posed the  Normans  after  the  victory  but  Wil- 
liam succeeded  in  spreading  his  dominion  over 
the  country  and  the  opposition,  often  fomented 
for  the  purpose,  only  served  to  give  excuses  to 
get  the  large  estates  and  the  highest  offices  in 
England  into  the  hands  of  Normans  and  those 
on  whom  he  could  depend  to  support  him  in  his 
policy.  The  Norman  dynasty  and  its  descend- 
ants have  since  ruled  England.  Britain  which 
uo  to  this  time  had  been  outside  the  circle  of 
European  affairs  was  now  drawn  into  Con- 
tinental politics.  With  a  ruler  who  had  do- 
mains on  the  Continent  nothing  else  could  well 
have  happened.  Roval  claims  on  various  parts 
of  France  embroiled  England  in  war  for  cen- 
turies. Conflicts  between  sovereigns  and 
various  petty  rulers  continued  to  be  constant 
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during  the  century.  More  and  more  the  nobil- 
ity refused  to  acknowledge  obligations  to  their 
feudal  lords  in  the  matter  of  abstaining  from 
war,  and  private  wars  of  various  kinds  became 
almost  the  rule.  As  a  consequence,  the  reli- 
gious and  intellectual  life  as  well  as  the  com- 
mercial and  agricultural  life  of  the  people 
suffered  severely.  Feudalism  at  the  beginning 
of  the  llth  century  had  broken  down  as  an 
instrument  for  maintaining  peace.  It  is  inter- 
esting then  to  see  what  was  accomplished,  and 
how  successfully,  to  put  an  end  to  this  state  of 
affairs.    It  is  almost  the  last  place  at  the  be- 

S'nning  of  the  second  millennium  of  modern 
story  to  find  a  great  movement  for  peace,  but 
here  it  is. 

In  order  to  save  bloodshed  and  protect 
people  generally,  the  Church  succeeded  in  bring- 
ing about  the  introduction  of  the  "The  Truce 
of  God.9  Councils  of  the  Church  earlv  in  the 
llth  century  forbade  hostilities  from  Saturday 
night  until  Monday  morning.  This  prohibi- 
tion was  subsequently  extended  to  other  days 
in  the  week,  and  Friday  in  honor  of  the  Pas- 
sion and  Saturday  the  day  of  the  Resurrection 
were  declared  illegal  for  military  or  judicial 
contests.  About  the  middle  of  the  century 
ecclesiastical  regulations  made  it  unlawful  to 
fight  during  Lent  and  then  during  Advent 
The  Truce  was  first  successfully  proclaimed  in 
France  and  spread  to  Italy  and  Germany  to 
the  great  advantage  of  the  people  of  the  time. 
The  Truce  required  that  people  were  to  be 
allowed  to  go  quietly  to  and  fro  on  their  busi- 
ness without  being  disturbed  by  soldiers  on 
the  designated  days  and  special  regulations 
were  issued  protecting  the  peasant  and  his  cat- 
tle and  his  agricultural  implements.  Before 
th:s  councils  had  proclaimed  the  Peace  of  God 
\\h:ch  protected  consecrated  persons,  places 
and  times  from  warlike  invasion.  This  protec- 
tion was  extended  to  the  poor,  pilgrims, 
Crusaders,  and  eventually  even  merchants  on  a 
journey.  The  further  development  in  the  Truce 
of  God  gave  the  impetus  to  peace  which  was 
finally  taken  up  by  the  public  authorities, 
through  leagues  for  the  enforcement  of  peace, 
and  municipal  federations  until  war  was  re- 
stricted to  international  conflict. 

One  of  the  most  noteworthy  features  of  the 
history  of  the  llth  century  is  its  interest  in 
architecture.  This  began  at  the  very  begin- 
ning. "About  three  years  after  the  year  1000," 
said  Rodulf  Glaber,  "the  churches  were  reno- 
vated almost  throughout  the  whole  world  es- 
pecially in  Italy  and  the  Gauls,  although  the 
greater  part  were  still  in  good  enough  condi- 
tion not  to  need  repairing"  The  movement 
included  not  only  the  churchrs,  but  also  the 
puM:c  buildines  of  various  kinds. 

This  interest  in  architecture  naturally  led 
to  important  developments  and  the  creat'on 
of  that  form  of  architecture  called  Romanesque, 
which  was  to  prove  only  a  step  but  a  verv 
great  one  toward  the  magnificent  Gothic  archi- 
tecture of  the  later  Middle  Ages.  The  supreme 
examples  of  Romanesque  are  the  cathedral  of 
Speyer,  finished  in  1030  as  a  mausoleum  for 
the  so-called  Salian  emperors;  the  cathedral  at 
Treves  or  Trier,  planned  and  conceived  to- 
ward the  end  of  the  century;  the  new  cathedral 
of  Mainz,  wh'ch  followed  the  one  erected  by 
Willigis  the  Regent  (who  saved  the  empire 
from  disintegration  during  the  minority  of  the 


Emperor  Otto  III),  but  which  was  unfortu- 
nately burned  down  on  the  day  of  its  consecra- 
tion, but  was  immediately  rebuilt  and  completed 
by  Bardo  von  Oppertshafen  in  1037.  This 
Romanesque  cathedral  of  Saint  Martin  at 
Mainz  is  one  of  the  most  interesting  monu- 
ments in  the  history  of  architecture  and  has 
been  the  fruitful  source  of  ideas  for  architects 
in  our  generation.  The  limitation  of  the  width 
of  the  Gothic  nave  makes  Gothic  churches  less 
suitable  for  preaching  to  large  crowds,  and  so 
even  Boston  and  New  York  chose  to  have 
great  churches  modeled  on  Romanesque  lines. 

The  llth  century  witnessed  some  precious 
social  development,  especially  in  the  establish- 
ment of  hospitals,  which  at  that  time  were  not 
only  for  the  ailing  poor,  but  also  for  the 
crippled  and  needy  of  many  kinds  as  well  as 
lodging  for  strangers.  Archbishop  Lan franc 
erected  a  series  of  hospitals  and  "the  good 
Queen  Maud,1"  the  wife  of  Henry  I,  who  was 
the  daughter  of  Saint  Margaret  of  Scotland, 
acquired  a  special  repute  in  connection  with 
her  care  for  the  ailing  poor.  King  Henry, 
after  the  death  of  his  son  by  drowning  in  the 
famous  incident  of  "the  White  Ship,9  caught 
something  of  his  lady's  spirit,  ana  Matilda, 
their  daughter,  followed  their  example.  The 
lepers  particularly  were  cared  for,  and  the  be- 
ginning of  the  eradication  of  this  disease,  said 
to  be  as  common  then  as  tuberculosis  is  with 
us,  was  made  through  segregation,  the  hard- 
ships of  which  were  mitigated  to  no  incon- 
siderable degree  by  the  l.vcly  interest  of  royalty 
and  the  nobility  in  the  afflicted  and  the  spirit 
in  which  their  ailment  was  taken. 

The  llth  century  saw  the  beginning  of  the 
organization  on  a  broad  scale  of  the  Christian 
nations  against  Mohammedanism.  The  first 
active  reaction  against  them  in  the  countries 
where  thev  had  maintained  themselves  for 
some  centuries  came  in  Spain  where  the  Moors 
in  possession  since  early  in  the  8th  century 
felt  themselves  at  home.  Just  about  the  be- 
ginning of  the  llth  century  the  three  Christian 
kingdoms  —  Castile,  Aragon  and  Navarre  — 
began  to  play  a  role  of  importance  in  the 
northern  part  of  Spain.  Castile  led  the  move- 
ment, and  before  the  end  of  the  century  had 
reconquered  Toledo.  The  rivalry  between  the 
Christian  countries  hampered  their  progress 
for  a  time,  but  they  grew  stronger  by  the  in- 
termarriage of  their  royal  houses  and  were 
able  to  advance  their  frontiers  at  the  expense 
of  the  Moors.  Aragon  took  possession  of 
Barcelona  and  the  valley  of  the  Ebro.  Nearly 
500  years  of  struggle  remained  however  before 
the  Moors  were  finally  expelled.  The  ad- 
vantage to  Spanish  character  of  the  ceaseless 
contest  was  seen  in  the  role  plaved  by  the 
Spaniards  in  the  New  World  after  its  discovery 
and  the  magnificent  development  of  Snan;sh 
power  at  home  and  abroad  which  followed  the 
final  expulsion  of  the  Moors  in  1492. 

The  great  hero  of  the  century  s  Ruy  or 
Rodrigo  Diaz  de  Bivar,  known  as  The  Cid 
(Arabic,  master)  or  F.I  Comprador  (Spanish, 
the  champion  or  challenger).  His  life  fills  the 
whole  of  the  second  half  of  th»»  century  and 
his  exploits  animated  the  Spaniards  against 
the  Moors  for  all  the  centuries  afterward  until 
their  complete  expulsion.  The  romantic  chron- 
icle of  'The  Cid'  the  substance  of  which  was 
compiled  by  Alfonso  the  Learned  only  half 
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a  century  after  the  hero's  death  contains  much 
that  is  literal  history',  and  the  obviously  legen- 
dary incidents  can  be  rather  readily  eliminated. 
Southey's  translation  made  the  work  familiar 
in  English.  The  Cid  of  the  romances  is 
another  creature  entirely,  quite  as  much  the 
nucleus  for  myths  as  Charlemagne's  Paladins 
or  King  Arthur  and  the  Knights  of  the  Round 
Table.  Undoubtedly  Rodrigo's  real  victories 
apart  from  all  romance  form  the  core  of  Span- 
ish history  at  the  time. 

The  other  phase  of  Christian  opposition  to 
Mohammedanism  is  alco  the  greatest  event  of 
the  llth  century,  the  first  Crusade.  Jerusalem 
had  fallen  into  the  hands  of  the  Arab  Moham- 
medans shortly  after  the  death  of  Mohammed 
in  the  7th  century.  This  Semitic  race  shared  in 
the  Christian  reverence  for  the  Holy  Places  and 
permitted  the  Christian  pilgrims  who  came  in 
large  numbers  during  the  Middle  Ages  to  pursue 
their  devotions  without  molestation.  In  the 
llth  century,  however,  the  Seljukian  Turks,  re- 
conquered long  before  by  the  caliphs,  now  in- 
vaded the  caliphate  as  the  Germans  the  Roman 
Empire,  replaced  the  Arabs  as  the  rulers  of 
Jerusalem  and  at  once  initiated  a  very  different 
policy  toward  the  Christians.  Great  hardships 
were  inflicted  upon  the  pilgrims,  and  the  stories 
of  the  cruel  tics  imposed  aroused  the  feelings 
of  Europe.  The  Seljuks,  continuing  their  victo- 
rious career,  defeated  the  Eastern  Empire  in 
1071  and  thus  became  rulers  of  Asia  Minor.  They 
took  possession  of  Nicaca,  iust  across  the  straits 
from  Constantinople,  and  Europe  itself  was 
menaced.  Pope  Urban  II,  whose  training  as 
a  churchman  had  come  under  Pope  Gregory 
VII,  after  six  years  of  wandering  from  the 
time  of  his  election  had.  in  1094,  at  last  suc- 
ceeded in  gaining  entrance  to  Rome  and  set 
himself  to  the  task  of  unifying  Christendom. 
In  spite  of  rather  serious  breaks  with  the  Em- 
peror Henry  and  King  Philip  of  France  who 
had  repudiated  their  wives.  Urban  devoted  him- 
self to  the  great  problems  of  arousing  Chris- 
tianity against  the  Turks. 

The  first  incentive  to  the  Crusades  has  often 
been  attributed  to  Peter  the  Hermit,  but  it 
really  came  from  Pope  Gregory  VII  and  was 
popularized  by  the  address  of  Pope  Urban  at 
the  Council  of  Clermont  (in  Auvcrgnc).  After 
excommunicating  Philip  of  France  for  adultery 
in  having  taken  to  wife  Bertrada,  the  wife  of 
Fulk  of  Anjou,  the  urgent  question  of  the  East 
was  taken  up.  The  Council  had  attracted  im- 
mense crowds  of  all  classes,  but  particularly  of 
the  nobility  and  knights.  The  Pope's  address 
asking  for  an  army  to  be  sent  to  redeem  the 
Holy  Places  aroused  great  enthusiasm,  and  all 
present  exclaimed  with  one  voice  "It  is  the 
will  of  God."  The  Pope  declared  that  this 
should  be  their  rallying  cry,  and  all  were  to 
wear  a  cross  as  a  sign  of  their  acceptance  of 
whatever  hardships  might  be  involved.  It  is 
from  this  cross  that  the  word  crusade  is  de- 
rived. Each  participant  was  "crossed. w  Pope 
Urban  suggested  that  particularly  those  who 
were  in  the  midst  of  contentions  with  brethren 
and  relatives  micht  thus  find  a  holy  vocation. 
Most  of  those  who  took  up  the  cross  did  so  out 
of  the  highest  motives  of  pure  devotion.  It 
would  be  idle  to  think  that  in  so  great  a 
mass  of  men  there  should  have  been  no  hypo- 
crites, but  they  must  have  been  surprisingly  few. 


In  his  great-heartedness  the  Pope  proposed  that 
those  who  had  been  robbers  and  brigands  might 
now  become  soldiers  of  Christ  with  the  feeling 
that  here  was  a  chance  for  the  redemption  of 
such  men  from  evil  ways,  though  doubtless  also 
with  the  conviction  that  no  matter  what  their 
motives  they  could  work  less  harm  in  the  army 
than  at  ho  me,  and  that  at  any  rate  all  should 
have  their  chance  in  the  great  cause. 

Many  privileges  were  granted  to  the  Cru- 
saders by  the  Church,  and  these  have  sometimes 
seemed  to  modern  historians  violations  of  jus- 
tice. The  payment  of  debts  for  instance  could 
be  put  off,  and  the  Crusaders  were  even  freed 
from  the  payment  of  interest  upon  their  debts 
and  permitted  to  mortgage  their  property  for 
the  purposes  of  the  Crusade  without  the  con- 
sent of  their  feudal  lords,  though  this  was  re- 
quired by  the  laws  of  the  time.  VVc  in  our 
time  who  have  seen  another  great  World  War 
with  its  moratoria.  its  prorogation  of  rents 
and  notes,  its  shutting  up  of  stock  exchanges 
and  its  taking  over  of  the  resources  of  coun- 
tries, are  not  likely  to  misunderstand  similar 
events  of  the  Crusade.  Crusaders'  wives  and 
children  and  property  were  taken  under  the 
direct  protection  of  the  Church  and  those  who 
disturbed  them  found  that  they  had  to  do  with 
the  ecclesiastical  authorities.  The  youth  of  all 
the  country  gave  themselves  unstintedly  to  the 
cause  quite  as  they  have  in  our  time  and  have 
always  done  for  idealistic  purposes.  Within  a 
year  after  the  great  wave  of  enthusiasm  which 
had  begun  at  Clermont  had  spread  through  Eu- 
rope there  was,  according  to  the  Pope  himself, 
some  300,000  soldiers  collected  under  the  leader- 
ship of  the  great  nobles  of  the  time.  If  it  is 
recalled  that  at  this  period  the  European  coun- 
tries whose  census  of  population  we  have,  had 
much  less  than  one-tenth  as  many  inhabitants 
as  in  our  time,  the  immensity  of  the  effort  thus 
put  forth  will  be  properly  appreciated.  The 
important  leaders  were  Godfrey  of  Bouillon  and 
his  brother  Baldwin,  from  Brabant,  with  Count 
Raymond  of  Toulouse  who  led  a  great  army 
from  Provence.  The  French  troops  were  not 
led  by  Philip,  who  was  in  disgrace,  but  were 
joined  with  those  of  the  Normans  from  south- 
ern Italy  under  the  command  of  Bohcmund,  the 
son  of  Robert  Guiscard,  and  his  cousin  Tancred 
who  was  the  son  of  Otto  the  Good  and  of 
Emma,  the  sister  of  Robert  Guiscard.  Tancred 
came  to  be  the  rival^  in  the  later  legends  of  the 
Crusades  even  of  Godfrey  of  Bouillon  and  to 
be  the  centre  of  romances  for  centuries  in 
modern  European  life. 

After  many  hardships  the  army  of  the  Cru- 
saders succeeded  in  finding  its  way  to  Constan- 
tinople only  to  discover  that  the  Greeks  ex- 
pected to  turn  the  great  Christian  expedition 
into  a  military  campaign  for  the  benefit  of  the 
empire.  The  Crusaders  encamped  in  the  sub- 
urbs of  the  capital  not  only  were  not  welcomed, 
but  were  actually  declared  enemies  because  they 
refused  to  take  the  oath  of  homage  to  the  em- 
peror. Contemporary  documents  which  show  the 
complaints  of  traitorous  cruelty  on  both  sides 
used  to  be  held  up  as  flagrant  testimony  to  the 
essential  barbarity  of  the  people  of  the  time, 
but  recent  experiences  have  demonstrated  that 
the  trait  thus  disclosed  is  human  and  not  merely 
medi.eval.  The  emperor's  daughter  Anna, 
writing  a  history  of  the  times,  has  made  a 
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document  almost  as  bitter  in  denunciation  of 
the  Crusaders  as  any  that  appeared  on  cither 
side  in  our  own  great  war.  The  Crusaders  did 
not  hesitate  to  call  the  Greeks  traitors,  cowards, 
liars  and  worse,  but  above  all  to  deprecate  their 
cruelty  toward  small  parties  of  Crusaders  un- 
able to  defend  themselves.  The  Byzantines 
replied  with  accusations  of  attacks  upon  women 
and  children  and  thieving  depredations  of  vari- 
ous kinds. 

It  was  not  until  the  spring  of  1099  that 
an  army  of  20,000  Crusaders  under  Godfrey  of 
Bouillon  reached  Jerusalem.  The  Holy  City 
was  stormed  and  taken  15  July  1099.  Elected 
king  of  Jerusalem  Godfrey  refused  that  title 
in  deference  to  the  higher  King  whose  spirit 
reigned  over  the  world  from  there,  and  chose 
the  simple  designation  of  Protector  of  the 
Holy  Sepulchre.  He  completed  the  conquest  of 
the  Holy  Land  by  defeating  the  sultan  of 
Egypt  in  the  plain  of  Ascalon,  12  Aug.  10°9. 
Godfrey  had  been  wounded  during  the  siege 
of  Jerusalem  and  died  just  a  year  later,  11  July 
1100.  He  was  succeeded  by  his  brother  Bald- 
win. Altogether  four  principalities  were  cre- 
ated by  the  Crusaders  in  Mohammedan  terri- 
tories, the  capitals  of  which  were  Edcssa,  Anti- 
och,  Tripoli  and  Jerusalem.  Baldwin  succeeded 
in  taking  possession  of  Acre,  Sidon  and  some 
other  important  towns  along  the  coast  of  Asia 
Minor.  The  news  of  the  fall  of  Jerusalem 
caused  great  rejoicing  throughout  Europe  and 
brought  many  accessions  to  the  armed  forces 
of  the  city's  ruler.  Unfortunately  many  of 
these  were  lost  at  sea  and  many  were  cut 
off  in  various  ways  by  the  Turks  so  that  the 
consolidation  of  the  recent  conquests  became 
very  difficult.  Luckily  the  Mohammedans  were 
engaged  in  fighting  among  themselves  and  could 
not  combine  against  the  Franks  as  they  called 
the  Crusaders  generally.  Altogether  at  the  end 
of  the  11th  century  the  Crusaders  occupied  a 
small  strip  of  land  not  50  miles  wide  and  some 
500  miles  long  from  which  the  Turks  were  for 
long  unable  to  displace  them. 

This  was  the  beginning  of  the  great  move- 
ment, the  Crusades,  which  was  destined  to  in- 
fluence Europe  so  deeply  for  the  next  two 
centuries.  There  was  scarcely  a  generation 
until  the  end  of  the  13th  century  that  did  not 
witness  the  going  out  from  some  part  of 
Europe  of  large  bodies  of  men  who  had  nobly 
taken  up  the  task  of  securing  the  possession  of 
the  Holy  Places  to  the  Christians.  In  the  end 
thev  failed  of  that  object  and  the  Holy  Land 
f elf  once  more  under  the  domination  of  the 
Turks,  but  in  the  meantime  an  immense  amount 
of  good  was  accomplished.  The  loss  of  men 
in  battle  and  by  disease  so  far  from  draining 
the  human  resources  of  the  countries  rather 
added  to  them.  Men  developed  new  energies. 
A  great  surgeon  said  during  the  Great  War  that 
for  every  man  killed  two  men  were  being  made. 
Something  like  this  happened  in  the  Crusades. 
They  aroused  men's  energies,  brought  the  East 
and  West  in  contact,  broadened  men's  interests, 
lessened  the  power  of  the  nobles,  strengthened 
national  feeling  and  accomplished  great  good 
for  the  race  which  was  manifest  in  the  achieve- 
ments of  the  1 3th  century. 

The  character  of  the  11th  century  most  dis- 
puted about  in  history  is  Pope  Gregory-  VII. 
whose  name  Hildebrand  has  been  translated 
"a  bright  flame"  by  those  who  felt  that  he  ac- 
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complishcd  wonderful  work  for  Christendom 
and  "a  brand  of  Hell»  by  those  who  declared 
that  he  was  an  influence  for  evil.  There  is  no 
doubt  at  all  that  he  exerted  a  deep  influence 
over  his  own  and  succeeding  generations.  He- 
was  a  self-made  man  of  lowly  birth,  one  of 
those  who  in  President  Wilson's  words  make 
it  clear  "why  government  did  not  suffer  dry 
rot  in  the  Middle  Ages  under  the  aristocratic 
systems  which  then  prevailed  .  .  .  there 
was  no  peasant  so  humble,  that  he  might  not 
become  a  priest  and  no  priest  so  obscure  that 
he  might  not  become  Pope  of  Christendom 
and  every  Chancellory  in  Europe  was  ruled  by 
those  learned,  trained  and  accomplished  men." 

As  Pope  he  took  up  at  once  the  reform  of 
Church  matters  and  the  definite  regulation  of 
the  relations  of  the  Church  to  the  State.  By 
abuse  bishops  had  come  to  be  almost  more  state 
officials  than  Church  dignitaries.  Gregory 
labored  to  have  them  independent  in  their 
ecclesiastical  functions  except  of  the  head  of  the 
Church,  but  it  was  difficult  to  correct  long 
standing  abuses.  The  most  serious  contest  in 
this  matter  is  between  Pope  Gregory  and  the 
Emperor  Henry  IV  of  Germany.  Hildebrand 
dissolved  the  oath  of  allegiance  of  Henry's 
subjects  and  the  nobility,  glad  of  the  opportunity 
to  put  down  a  tyrant,  fell  away  from  him  and 
made  Henry  realize  that  unless  he  regularized 
his  relations  with  the  Church  he  could  not  hope 
to  continue  as  a  ruler.  After  many  attempts  . 
to  avoid  the  humiliation  Henry  made  the  famous 
journey  to  Canossa  to  be  reconciled  with  the 
Pope,  when  he  was  required  to  do  penance  so 
severe  that  Hildcbrand's  conduct  in  this  matter 
has  often  been  censored.  But  Hildebrand 
maintained  the  rights  of  the  Church  as  he  saw 
them  and  continued"  to  purify  the  Church  itself 
of  abuses  of  various  kinds  and  to  uphold  the 
moral  law  as  binding  upon  rulers  as  well  as 
the  people.  Reformers  are  not  likely  to  be 
popular  and  Gregory  was  in  constant  trouble. 
His  own  last  words  sum  up  his  life  better  than 
any  others.  He  had  been  compelled  to  leave 
Rome  and  was  dying  in  Salerno  when  he  said 
"I  have  loved  justice  and  hated  iniquity,  there- 
fore I  die  in  exile.8 

Hildebrand  both  before  and  after  his  election 
as  Pope  did  more  than  anyone  else  to  lay  that 
foundation  of  the  ascendency  of  the  Papacy  in 
Europe  which  culminated  a  century  later  in 
the  pontificate  of  Pope  Innocent  III.  During 
the  time  when  popes  were  looked  up  to  as 
guardians  of  the  moral  conscience  of  Europe, 
the  best  historians  admit  that  there  was  a  mag- 
nificent development  of  culture  in  the  best 
sense  of  that  word.  Few  if  any  epochs  in  the 
whole  history  of  mankind  present  achievements 
higher  than  those  of  the  12th  and  13th  cen- 
turies. The  loftiest  aspirations  of  mankind 
were  finely  fostered.  Beautiful  architecture, 
painting  that  has  never  lost  its  interest,  mag- 
nificent hospitals  and  great  literature,  charming 
arts  and  crafts  all  developed  at  this  time  and 
have  come  to  be  the  loving  study  and  reverent 
admiration  of  our  generation.  If  a  career  is 
to  be  judged  by  its  fruits,  Hildebrand's  in- 
fluence in  making  the  popes  a  moral  centre  as 
well  as  ecclesiastical  power  in  Europe  must  be 
considered  one  of  the  great  factors  for  a  great 
era  of  human  development. 

A  great  scholar  of  the  11th  ccnturv  whose 
works  are  still  republished  in  many  languages 


Digitized  by  Google 


ELEVENTH  CENTURY 


and  whose  influence  continues  to  be  felt  is 
Ansclm,  archbishop  of  Canterbury.  His  little 
book.  'Cur  Dcus  Homo,'  is  still  frequently  read 
by  those  who  are  deeply  interested  in  the 
philosophic  side  of  Christianity  and  his  'Mono- 
logium'  and  'Proslogium*  are  well  known  by 
philosophic  students.  He  was  one  of  the  most 
important  links  in  the  chain  of  philosophic 
thinking  known  as  scholasticism,  which  has  had 
a  very  interesting  and  significant  revival  mainly 
through  Cardinal  Mercier  in  our  own  genera- 
tion. Though  Ansclm  was  the  archbishoo  of 
Canterbury  and  had  been  the  abbot  of  Bee  in 
Normandy,  he  was  neither  Norman  nor  Saxon, 
but  Italian,  born  in  1033  near  Aosta.  His 
father  was  a  simple  citizen  of  the  little  town 
and  Anselm  owed  his  rise  entirely  to  his  own 
abilities.  He  entered  the  abbey  of  Bee  as  a 
young  man  just  when  it  had  been  made  famous 
by  the  learning  of  Lanfranc  and  three  vcars 
later  became  pr.or  and  filled  that  office  and  that 
of  abbot  for  some  30  years  when  he  was  made 
archbishop.  He  succeeded  Lanfranc  as  arch- 
bishop of  Canterbury  under  most  difficult  cir- 
cumstances, refusing  the  archbishopric  at  first 
as  he  had  refused  the  election  of  abbot  and 
consenting  to  be  honored  only  when  it  was 
made  clear  to  him  that*  he  could  probably  do 
great  good  in  the  new  office.  Lanfranc  had 
had  serious  difficulties  with  the  king  over  the 
matter  of  investiture  and  Church  revenues  and 
Anselm  inherited  these.  He  succeeded  in  find- 
ing a  mode  of  compromise  and  laying  down 
the  principles  on  which  the  relations  between 
the  Church  and  State  could  be  safeguarded 
without  violation  of  the  rights  of  cither.  His- 
torians have  recognized  the  genius  and  char- 
acter of  the  man,  and  Freeman  did  not  hesitate 
to  say  "stranger  as  he  was  he  has  won  his 
place  among  the  noblest  worthies  of  our 
Island."  Curiously  enough  Ansclm's  contribu- 
tion to  the  borderland  between  philosophy  and 
theology,  the  ontological  argument  for  the 
existence  of  God  put  forth  in  his  'Proslogium,' 
was  revived  in  modern  times  hv  Descartes,  be- 
came the  cardinal  point  of  difference  between 
Kant  and  Hegel  at  the  end  of  the  18th  cen- 
ti  ry,  to  be  revived  by  Rosmini  in  Italy  and 
adopted  by  Brownson  in  America  in  the  19th 
century.  An  argument  that  sways  such  minds 
all  down  the  centuries  must  surely  have  in  it 
something  that  has  a  deep  appeal  to  some  es- 
sential quality  of  the  human  intellect  apart 
from  training  and  environment. 

The  rise  of  the  Scljukian  Turks  gave  a 
period  of  peace  in  Persia  under  the  viziers  of 
Toghrul  Beg  and  his  son  and  grandson,  Alp 
Arslan  and  Malik  Shah,  during  which  a  scries 
of  contributions  of  enduring  interest  to  the  in- 
tellectual life  of  humanity  were  made.  At  the 
beginning  of  the  11th  century  Ahul  Kasim  Man- 
sur  of  Tus  in  Persia  (d.  1020),  known  as 
Firdusi  or  Firdausi  "the  Paradisiac,"  finished 
the  Shahnahmeh,  the  great  Persian  epic  of 
about  60.000  distichs.  which  sinus  the  deeds  of 
Persian  heroes  and  rulers  for  F00  years.  A  little 
later  Avicenna.  "the  prince  of  physicians"  (d. 
at  Hamaden,  Persia,  1037),  "at  once  the  Hinpoc- 
rates  and  the  Aristotle  of  the  Arabians"  (VVhe- 
wcl!)  wrote  the  books  that  for  five  centuries 
influenced  medicine  in  Asia  and  Europe  more 
than  any  others.  They  are  only  compilations 
of  Hippocrates  and  Galen,  but  when  Greek  was 
no  longer  known  they  served  as  sources  of 


ancient  knowledge  for  a  great  many  writers. 
Aviccnna's  work  is  typical  of  much  of  what 
the  Arabs  did.  There  is  little  of  originality, 
he  was  merely  a  channel  for  the  older  medical 
writers  and  for  Aristotle.  The  second  half 
of  the  century  Al  Gazali  (b.  at  Tus  1058) 
was  for  a  time  professor  of  Mohammedan 
theology  in  the  school  at  Bagdad.  In  his 
earlier  years  some  of  his  writings  were  sceptical 
and  these  have  a  special  appeal  to  the  moderns, 
but  later  he  became  the  greatest  of  Moham- 
medan apologists  and  continued  to  be  studied 
for  long  afterward.  Omar  Khayyam,  the 
Persian  poet-astronomer,  whose  'Rubaiyat'  at- 
tracted so  much  attention  at  the  end  of  the 
19th  century  was  the  fourth  of  these  Mohamme- 
dan writers  destined  to  an  enduring  influence. 
He  corrected  the  calendar  successfully  and 
wrote  books  on  algebra  and  astronomy,  hut 
these  have  had  no  influence  beyond  a  generation 
or  two  in  its  own  time,  while  his  quatrains  on 
life  and  death  and  love  and  God  and  the  prob- 
lems men  face  forever,  struck  off  at  idle  mo- 
ments, caught  the  vein  of  thought  of  the  dis- 
tant Western  peoples  eight  centuries  later.  He 
had  been  the  schoolmate  of  the  vizier  of  Alp 
Arslan,  and  the  third  of  a  little  trio  who  at 
school  swore  eternal  friendship  and  to  share 
whatever  fate  might  bring  them  was  the  notori- 
ous Hasan,  "the  Old  Man  of  the  Mountains,1 
from  whose  name  because  of  his  infamous 
deeds  very  probably  the  word  "assassin"  in 
our  modern  languages  is  derived.  Manifestly 
Omar's  experience  of  life  and  its  vicissitudes 
in  person  and  through  his  friends  was  ample 
to  enable  him,  if  he  had  the  mind  to,  to  write 
of  humanity's  problems  with  fullness  of  knowl- 
edge. 

There  are  two  great  women  of  the  century 
whose  names  arc  still  well  known  and  lives  of 
whom  have  been  written  in  our  generation. 
One  of  these  was  Matilda  of  Canossa,  Countess 
of  Tuscany  and  heiress  of  the  Marquess  Boni- 
face of  Tuscany.  She  knew  Latin  well,  was 
fond  of  serious  books,  took  a  deep  interest  in 
the  philosophical  and  religious  discussions  so 
common  at  the  time  and  came  to  exert  an  im- 
mense influence,  not  only  in  Italy  but  through- 
out Europe.  She  was  a  great  personal  friend 
of  Hildebrand  before  his  election  to  the  Papacy 
as  Gregory  VII,  and  constantly  supported  him 
in  the  conflicts  which  his  reforms  involved. 
It  was  in  letters  to  the  Countess  and  her  mother 
that  Pope  Gregory  discussed  the  question  so 
drar  to  his  heart  of  the  organization  of  the 
Crusade  for  the  winning  back  of  the  Holy 
Land.  It  was  at  her  castle  of  Canossa  that 
Pope  Gregory  received  the  repentant  Emperor 
Henry.  At  her  death  Matilda  bequeathed  her 
estate  in  central  Italy  to  the  Church,  feeling 
the  necessity  of  strengthening  the  Pope's  po- 
litical situation  and  this  bequest  was  confirmed 
by  the  Emperor  Frederick  II. 

The  other  great  woman  of  the  century  was 
Margaret  of  Scotland,  whose  life  runs  almost 
parallel  with  the  second  half  of  it.  She  was  in- 
rmately  related  to  many  of  the  well-known 
characters  of  the  time.  She  was  the  grand- 
daughter of  Edmund  Ironside,  and  when  exiled 
under  Canute  spent  some  years  with  K:ng 
(Saint)  Stephen  of  Huneary.  She  rcturnrd 
to  be  close  to  Edward  the  Confessor  for  a 
time,  but,  with  her  mother,  set  out  for  France 
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when  the  Normans  won  the  battle  of  Hastings. 
Their  ship  was  driven  by  storm  to  Scotland 
where  Malcom  III,  having  defeated  Macbeth, 
was  king.  Margaret  became  his  wife  and  did 
so  much  to  soften  the  barbarous  manners  of 
the  Scotch  that  ever  since  she  has  been  in  bene- 
diction. A  favorite  occupation  was  the  securing 
of  justice  for  the  poor  and  a  stone  is  still 
pointed  out  near  Edinburgh,  called  Saint  Mar- 
garet's stone,  on  which  she  sat  to  hear  their 
causes.  Her  favorite  son  David  is  the  Saint 
David  of  Scottish  history,  and  the  building  of 
great  churches  and  monasteries  was  initiated 
by  Margaret.  She  was  untiring  in  zeal  for 
education  and  for  the  encouragement  of  book- 
making  and  is  looked  upon  hv  the  Scotch  as  one 
of  the  great  founders  of  their  civilization. 

James  J.  Walsh, 
Author  of  'The  Thirteenth,  the  Greatest  of 
Centuries. 1 

PRI.N'CIPAL  EVENTS  OF  THE  ELEVENTH  CENTURY. 


1001 .  The  Eastern  Empire  lows  territory  to  the 
and  is  attacked  by  the  Russians. 

1002.  Emperor  Otto  III  of  the  Western  Empire  Hies. 

100.1.  Pope  Sylvester  II  previously  known  as  Gerbert.  the 

frreatest  scholar  of  the  age,  dies. 
101.1.  Danes  conquer  England. 

1014.  The  Irish  under  Brian  Bora  defeat  the  Danes  at  Clon- 

t-ii-r. 

1017.  Canute,  king  of  Scandinavia,  becomes  long  of  Eng- 
land. 


1042.  Edward  the  Confessor  reigns  < 
1060.  The  Normans  invade  Sicily. 
1066.  The  Norman  Conquest  of  England.    William  the  Con- 
institutes  feudalism;  forest  laws;  the 


1071.  The  Turks  defeat  the  Eastern  Empire,  occupy  Asia 
Minor  and  threaten  Constantinople. 

1076.  The  Turks  capture  Jerusalem. 

1077.  Henry  IV  of  Germany  does  penance  at  Canossa  for 
disobedience  to  Pope  Gregory  VII. 

10*7.  The  Moors  enter  Spain  to  assist  the  Arabs  and  Saracens. 
1094.  Ruy  Diaz  de  Bivar  the  Castilian  CUi  Carnrjcad or  defeats 
the  Moors  and  becomes  lord  of  Valencia.  Spain. 

1094.  Urban  II  after  six  years  of  wandering  re-enters  Rome 
and  actively  engages  in  uniting  Christendom. 

1095.  The  European  Truce  of  GM  proclaimed  at  the  Coun- 
cil of  Clermont  by  Pope  Urban  II. 

1095.  Peter  the  Hermit  stirs  Europe  to  save  Jerusalem  from 
the  Turks.    Celibacy  enjoined. 

1096.  The  First  Crusade. 

1099.  Christian  Crusaders  capture  Jerusalem. 

ELF-ARROWS,  ELF-BOLTS,  ELF- 
SHOT,  arc  the  names  given  to  implements  of 
stone,  especially  flint,  of  various  sizes  and 
forms,  which  are  found  abundantly  in  many 
countries,  and  are  the  remains  of  arrow-heads, 
darts  and  other  rude  ancient  weapons  from  the 
PaUcolithic  period.  They  belong  to  the  same 
class  of  ancient  implements  that  are  generally 
known  as  Celts  (stone  hatchets).  These 
rude  and  ancient  implements  arc  objects  of 
some  extraordinary  superstitions.  The  names 
given  above  are,  of  course,  of  popular  and  com- 
paratively modern  origin,  and  imply  that  those 
who  gave  them  were  completely  ignorant  of 
the  real  origin  and  use  of  those  weapons.  These 
names  arc  found  independently  among  the 
peasantry  in  Scotland,  England  and  Ireland, 
and  the  superstitions  associated  with  them  arc 
much  more  widely  spread.  According  to  the 
popular  belief  the  stones  are  of  supernatural 
origin,  and  various  virtues  arc  attributed  to 
them.  They  arc  worn  as  charms,  and  used  as 
a  protection  against  lightning;  but  they  are 
chiefly  suspected  of  mischievous  consequences. 
A  cavern  has  been  pointed  out  where  the  arch- 
fiend carries  on  the  manufacture  with  the  help 
of  attendant  imps,  who  rough-hew  them  while 


he  finishes  the  work.  Similar  superstitions  pre- 
vail in  Italy,  Africa  and  Turkey.  Consult 
Evans,  'Ancient  Stone  Implements  of  Great 
Britain.' 

ELGAR,  Sir  Edward  William,  English 
composer :  b.  Broadheath,  Worcestershire,  2 
Tunc  1857.  Among  his  compositions  are  'The 
Black  Knight'  (1892)  ;  'Choral  Suite:  from  the 
Bavarian  Highlands>  (1895)  ;  'Lux  Christi,> 
produced  at  the  Worcester  Festival  (18%); 
'Te  Deum,'  sung  at  the  Hereford  Festival 
(1897);  'Caractacus.'  produced  at  the  Leeds 
Festival  (1898);  'Sea  Pictures.'  for  the  Nor- 
wich Festival  (1899);  'Dream  of  Gcrontius,' 
for  the  Birmingham  Festival  (1900),  which  is 
considered  his  masterpiece.  It  was  reproduced 
at  the  Nicddcrrheinische  Musik  Fest  in  1902. 
Other  of  his  compositions  are  'Coronation  Ode' 
(1902);  'The  Apostles'  (1903);  'The  King- 
dom' (1906);  'Coronation  March'  (1911);  a 
masque,  'The  Crown  of  India'  (1912);  'The 
Music  Makers'  (1912);  'FalstafT.'  a  sym- 
phonic study  (1913),  and  'Carillon'  (1915). 
Besides  these  he  has  written  symphonies,  sev- 
eral concert  overtures  and  a  violin  concerto. 

ELGIN,  James  Bruce,  8th  Earl  of,  and 
12th  Earl  of  Kincardine,  English  statesman: 
b.  London,  20  July  1811;  d.  Dhurmsala,  North 
India,  20  Nov.  1863.  He  was  educated  at  Eton 
and  Oxford;  in  1841  entered  Parliament  as 
member  for  Southampton,  and  in  the  same  year 
succeeded  to  the  earldom.  In  1842  he  was  ap- 
pointed governor  of  Jamaica.  His  rule  in 
Jamaica  was  so  successful  that  in  1846  he  was 
appointed  governor-general  of  Canada,  and 
there  he  succeeded  by  a  conciliatory  policy  in 
allaying  the  discontent  which  had  broken  out 
and  for  some  time  continued.  It  was  through 
his  efforts  that  reciprocity  between  the  United 
States  and  Canada  in  natural  products  was 
established  (1854-66).  In  1849  he  was  raised 
to  the  British  peerage  as  Baron  Elgin ;  was 
sent  in  1857  as  special  am1>assador  to  China, 
where  in  the  following  year  he  succeeded  in 
concluding  the  Treaty  of  Tientsin.  He  also 
concluded  a  treaty  with  Japan.  When  he  re- 
turned to  England  he  was  given  the  office  of 
Postmaster-General  and  elected  lord  rector 
of  Glasgow  University.  In  1860,  the  Chinese 
emperor  having  manifested  unfriendliness, 
Lord  Elgin  was  sent  to  enforce  the  treaty, 
which  he  did  by  seizing  Peking.  The  treaty 
which  followed  was  successful  in  regulating 
Chinese  relations  with  Europe  until  1890.  In 
1861  he  was  appointed  governor-general  of 
India.  He  maintained  internal  peace  and  ex- 
erted himself  unceasingly  for  the  development 
of  the  country.  His  'Letters  and  Journals' 
were  edited  by  Walrond  (London  1872). 

ELGIN,  Thomas  Bruce.  See  Elgin  Mar- 
bles. 

ELGIN,  Victor  Alexander  Bruce,  9th 

Earl  of,  British  statesman :  b.  Montreal, 
1849;  d.  Scotland,  January  1918.  His 
grandfather,  the  7th  earl,  best  known  by 
his  connection  with  the  Elgin  Marbles  (,q  v.), 
was  British  Ambassador  at  Constantinople 
from  1799  to  1802.  Lord  Elgin  was  edu- 
cated at  Eton  and  Oxford  and  entered  Parlia- 
ment as  a  Liberal  under  the  banner  of  Glad- 
stone. In  1893  he  was  appointed  viceroy  of 
India,  a  post  which  his  father  had  held  —  and 
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died  in  — 30  years  before.  The  five  years 
of  Elgin's  administration,  1894  to  IW9,  were 
marked  by  numerous  and  serious  problems, 
financial,  economic,  plague,  famine  and  war. 
The  difficulties  were  met  by  the  viceroy  and  his 
advisers  with  courage,  resource  and  success,  and 
much  was  done  to  improve  public  works  in  gen- 
eral and  railroad  construction  in  particular. 
Lord  Elgin  was  chairman  of  the  royal  com- 
mission appointed  in  1°02  to  inquire  into  the 
military'  preparations  tor.  and  conduct  of,  the 
South  African  War.  In  the  Campbell- Banner- 
man  Cabinet  (December  1905)  he  became 
Colonial  Secretary,  in  which  capacity  he  was 
primarily  responsible  for  framing  the  Constitu- 
tion for  the  Union  of  South  Africa.  He  retired 
in  1908,  but  his  services  were  employed  on  im- 
portant government  commissions  where  judg- 
ment and  impartiality  were  needed.  As  chair- 
man of  the  Carnegie  Trust  he  took  a  strong 
interest  in  the  application  of  the  fund.  Lady 
Elgin,  who  died  in  1909,  had  six  sons  and  five 
daughters. 

ELGIN,  111.,  city  of  Kane  County.  36  miles 
west  by  north  of  Chicago,  on  the  Fox  River. 
Two  railroads  supply  adequate  shipping  facili- 
ties, the  Chicago,  Milwaukee  and  Saint  Paul 
and  the  Chicago  and  Northwestern.  It  is  also 
the  terminus  of  the  Aurora,  Elgin  and  Chicago 
Railway,  which  is  a  third-rail  electric  line  be- 
tween these  cities.  Two  products  make  Elgin 
famous  —  butter  and  watches.  The  dairy  in- 
terests have  probably  had  more  to  do  with  the 
development  of  the  community  than  any  other 
factor.  Early  in  its  history,  The  Borden  Con- 
densed Milk  Company  located  a  large  plant 
here  and  since  that  time  has  established  many 
more  in  the  immediate  vicinity.  The  current 
quotations  of  the  Elgin  Board  of  Trade  fix  the 
market  price  of  high  grade  butter  throughout 
the  entire  country.  The  other  industry  to  which 
Elgin  largely  owes  its  growth  and  prosperity  is 
the  making  of  fine  watch-movements.  The 
watch  factory  was  started  in  the  spring  of  1864 
and  has  been  a  success  from  the  beginning. 
There  are  many  other  industries  in  Elgin,  all 
of  which  are  prosperous  concerns.  Two  watch- 
case  factories  and  as  many  shirt  factories  dis- 
tribute their  products  throughout  the  country. 
Besides  these,  there  are  shoe,  pipe-organ,  silver- 
plate,  automobile,  coffin-fixtures,  canning,  malted 
milk,  rug  factories,  foundries,  flouring  mills, 
etc.  Two  large  publishing  houses  are  located 
here  and  there  are  several  machine  shops  and 
foundries.  The  United  States  census  of  manu- 
factures for  1914  showed  within  the  city  limits 
91  industrial  establishments  of  factory  grade, 
employing  5,974  persons ;  5,529  being  wage 
earners,  receiving  annually  $3,320,000  in  wages. 
The  capital  invested  aggregated  $17,371. 000  and 
the  year's  output  was  valued  at  $10,492,000; 
of  this,  $6,221,000  was  the  value  added  by  manu- 
facture. Elgin  is  sometimes  called  the  "City 
of  Churches."  Nearly  all  denominations  arc 
represented  and  the  various  houses  of  worship 
arc  large  and  handsome.  The  city  is  noted  for 
its  public  school  system,  which  is  highly  devel- 
oped and  very  efficient.  The  buildings  are 
handsome  in  architecture  and  a  new  high  school 
is  in  the  process  of  construction.  The  Elgin 
Academy  of  the  Northwestern  University  is  a 
well-known  preparatory  school  for  the  latter 
institution,  which  is  located  at  Evanston,  111. 


Saint   Mary's   Academy  is  also   well  known 
throughout  the  State  and  bears  a  high  repu- 
tation as  a  place  of  learning.     The  Illinois 
Northern  Hospital  for  the  Insane  is  located  in 
Elgin.    The  Elgin  Woman's  Club  has  built  and 
operates    a   large   hospital,   which   is  famed 
throughout  the  country  and  State  for  its  high 
standing  and  great  efficiency.   Its  cost  was  about 
$1,000,000.    The  banks  are  six  in  number,  four 
national  and  two  savings.    They  have  a  com- 
bined capital  of  over  $650,000  and  are  prosper- 
ous and  strong  financial  institutions,  bounded 
in  the  spring  of  1835,  Elgin  has  grown  rapidly 
in  sire  and  importance  until  it  now  is  the  most 
beautiful  and  the  second  largest  city  in  Kane 
County.    Elgin  was  incorporated  in  1854  and 
Dr.  Joseph  Tcfft  was  chosen  the  first  mayor. 
The  waterworks  and  sewer  system  and  an  elec- 
tric-lighting plant  are  the  property  of  the  mu- 
nicipality.   The  city  has  commission  form  of 
government.    Property  is  in  demand,  owing  to 
the  number  of  Chicago  people  who,  on  account 
of  good  transportation  facilities,  are  seeking 
more  room  and  pleasantcr  homes  within  the 
confines  of  the  beautiful  city  on  the  Fox  River. 
Pop.  27.485. 

ELGIN  MARBLES,  the  name  given  to  a 
peerless  collection  of  antique  sculptures  brought 
from  Athens  to  England  by  Thomas  Bruce, 
7th  Earl  of  Elgin,  in  the  early  part  of  the 
19th  century.  While  Ambassador  at  Constanti- 
nople (1799-1802)  he  conceived  the  plan  of 
securing  some  portion  of  the  ruins  of  ancient 
Athens  and  to  that  end  secured  permission  of 
the  Porte  to  take  "any  stones  that  might  appear 
interesting  to  him."  At  his  own  expense  (the 
British  government  having  refused  aid)  ht 
set  a  corps  of  artists  to  work  who  toiled  for  10 
years  detaching  various  specimens  from  the 
Parthenon,  consisting  chiefly  of  the  colossal 
statues  on  the  tympana  of  the  pediments,  the 
metopes  and  the  frieze  around  the  cella.  Among 
the  best  preserved  examples  which  this  splendid 
effort  brought  forth  were  the  tympanum  repre- 
senting the  birth  of  Minerva,  the  15  metopes 
showing  in  high  relief  the  combats  of  the 
Centaurs  and  Lapitha?  and  the  slabs  from  the 
cella  frieze  depicting  in  low  relief  the  great 
Panathcnaic  procession.  In  addition  to  these 
Lord  Elgin  procured  the  colossal  statue  of 
Bacchus  from  the  choragic  monument  of 
Thrasyllus,  one  of  the  caryatides  from  the  tem- 
ple of  Pandrosus,  a  portion  of  the  frieze  from 
the  Erechtheum  and  fragments  of  the  columns 
of  the  Parthenon  and  Erechtheum ;  also  nu- 
merous inscriptions,  urns,  etc.,  found  in  the 
neighborhood.  When  these  treasures  of  an- 
tiquity arrived  on  the  English  shores  they  were 
received  with  a  mixture  of  admiration  and  in- 
dignation—  the  latter  because  of  supposed  van- 
dalism. It  is  said  that  Lord  Byron  was  so 
outraged  by  the  alleged  depredations  that  when 
he  visited  the  Parthenon  he  inscribed  conspicu- 
ously :  Quod  non  feccrunt  Gothi,  hoc  feccrunt 
Scoii.  However,  as  it  afterward  proved,  had 
not  Lord  Elgin  obtained  these  sculptures  they 
would  have  been  destroyed  in  the  subsequent 
war  of  Greek  independence  and  especially  in 
the  last  siege  of  Athens  in  1826-27.  After  much 
hesitation  and  bickering  as  to  the  price,  in 
spite,  too,  of  their  value  vouched  for  by  ex- 
perts, the  British  Parliament  purchased  the 
marbles  from  Lord  Elgin  for  £35,000,  easily  a 
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third  less  than  he  had  expended  upon  them. 
They  are  now  to  be  seen  in  the  British  Museum 
as  priceless  examples  of  the  highest  in  Greek 
art  which  matured  under  the  genius  of  Phidias. 
Many  casts  have  been  taken  of  these  unsur- 
passed relics  of  which  the  city  of  New  York 
possesses  a  set.  Consult  'Ancient  Marbles  in 
the  British  Museum'  (Vols.  VI-IX,  London 
1830- 39,  1842). 

ELHORST,  Hendrik  Jan,  Dutch  biblical 
scholar:  b.  Wisch,  Gueldcrland,  1861.  He  re- 
ceived his  education  at  the  University  of  Am- 
sterdam. He  entered  the  Mcnnonite  ministry 
and  held  pastorates  successively  at  Insum, 
Fricsland,  Arnhem,  The  Hague  and  Haarlem. 
In  1906  he  was  appointed  to  the  chair  of  Hebrew 
language,  antiquities  and  literature  in  the 
University  of  Amsterdam.  He  has  published 
critical  commentaries  on  Micah  (1891),  Amos 
(1899)  and  'Israel  in  Thet  lichte  der  jongste 
ondcrzockingen'  (1906). 

ELI,  eli,  Hebrew  judge  and  high-priest  of 
Israel.  After  a  turbulent  rule  of  40  years,  In- 
died  1116  b.  c.  Failing  to  punish  the  misdoings 
of  his  sons,  Phineas  and  Hophni,  the  downfall 
of  his  house  followed. 

ELI  PERKINS.    See  Landon,  Mfxvillk 

I'E  L. 

ELIA,  e'H-a.    See  Lamb,  Charlks. 

ELIE  DE  BEAUMONT,  a'le  de  bo-m6n, 
Jean  Baptiste  Armand  Louis  Leonce,  French 
geologist:  b.  Canon,  France,  25  Sept.  1798; 
d..  there,  22  Sept.  1874.  He  was  educated  in 
the  Polytechnic  School ;  became  professor  at 
the  School  of  Mines  (1829)  ;  professor  of 
geology  in  the  College  of  France  (1833)  ;  chief 
engineer  of  mines  (1833);  member  of  the  In- 
stitute (183?)  and  perpetual  secretary  of  the 
Academy  of  Sciences  (1853).  He  published 
•Carte  geologique  dc  France'  (1843);  'No- 
tices sur  les  systcmes  de  montagncs'  (1852)  ; 
and  with  Dufrenoy,  'Voyage  mctallurgiquc  en 
Angletcrre'  (1827),  the  record  of  a  scientific 
journey  he  had  made  in  England  and  Scotland 
in  1823.  His  principal  services  to  science  were 
in  the  establishing  of  the  geological  survey  of 
France  and  the  stimulating  of  interest  in 
mountain  geology. 

ELIGIUS,  e-llj'fis.  or  ELOI,  a-lwa.  Saint, 
bishop  of  Noyon :  b.  Cadillac,  near  Limoges, 
588;  d.  Noyon,  1  Dec.  about  660.  Having  in 
boyhood  shown  a  decided  aptitude  for  fine  art 
he  was  placed  by  his  parents  under  the  direction 
of  the  master  of  the  mint  at  Limoges  and  there 
acquired  skill  in  the  goldsmith's  craft.  Ap- 
pointed coiner  to  the  Frankish  king,  Clotaire, 
and  to  his  son  and  succcs>or,  Dagobert,  he  exe- 
cuted at  their  order  the  bas-reliefs  on  the  tomb 
of  Saint  Germanus,  bishop  of  Paris,  and  other 
works  in  the  precious  metals  which  were  re- 
garded as  the  masterpieces  of  decorative  art  in 
that  time.  He  was  a  favorite  at  court,  which  he 
was  obliged  to  frequent  because  of  his  con- 
nection with  the  king;  but  he  took  more  pleas- 
ure in  relieving  the  needy  than  in  the  society 
of  the  worldly.  He  daily  fed  a  large  number 
of  poor  people,  he  buried  the  bodies  of  male- 
factors, and  he  ransomed  captives,  especially 
the  Saxon  slaves  who  were  often  sold  in  the 
markets.  Both  Clotaire  and  his  son  Dagobert 
bestowed  costly  presents  upon  Eligius,  but  they 
could  not  make  him  rich,  he  gave  so  much  to 
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the  poor  and  to  the  founding  of  charitable  in- 
stitutions. At  about  the  age  of  50  he  decided 
to  abandon  the  world  entirely  and  devote  him- 
self to  the  conversion  of  the  pagans.  Two 
years  later  he  was  ordained  priest  and  in  546 
was  made  bishop  of  Noyon.  As  bishop  he 
gave  special  attention  to  the  conversion  of  the 
Flemings  and  Frisians,  and  the  greater  part  of 
Flanders  was  converted  through  his  efforts. 
Consult  Lebeuf,  'Histoire  du  diocese  de 
Paris';  Fleury,  'Vita  S.  Eligius.' 

ELIHU,  a  friend  of  the  patriarch  Job, 
introduced  as  speaking  after  the  three  intimate 
friends.  His  portion  in  chapters  xxxii-xxxvii 
is  supposed  by  many  critics  to  be  a  later  addi- 
tion to  the  book.  Light  foot  and  others  con- 
jecture that  Elihu  was  the  author  of  the  book 
of  Job. 

ELIJAH,  whose  name  ("Jehovah  is  God") 
indicates  his  mission  and  his  work,  was  one  of 
the  greatest  prophets  of  Israel.  His  prophetic 
activity  began  in  the  days  of  Ahab  of  Israel,  and 
ended  in  the  days  of  his  son,  Ahaziah,  or,  as  is 
on  the  whole  more  probable,  in  the  days  of  his 
son-in-law,  Jehoram  of  Judah.  His  first  ap- 
pearance is  strange;  the  end  of  his  life  on  earth 
still  more  strange.  Throughout  his  career  he 
comes  and  goes  in  an  unusual  and  remarkable 
way.  His  special  work  was  to  save  his  nation 
from  falling  into  heathenism,  and  thus  making 
impossible  the  great  history  which  has  resulted 
in  the  Christian  civilization  of  our  own  days. 
Ahab,  the  king  of  northern  Israel,  had  married 
Jezebel,  the  daughter  of  Ethbaal,  king  of  Tyre, 
and  formerly  a  priest  of  the  Tyrian  religion. 
Among  the  "Semitic  peoples  an  alliance  of  na- 
tions meant  a  mutual  honoring  of  gods.  Thus 
the  marriage  of  Ahab  and  Jezebel  introduced 
into  the  kingdom  of  Israel  the  worship  of  the 
Tyrian  Baal.  Gradually,  through  the  deter- 
mined efforts  of  Jezebel,  who  was  a  fanatic  for 
her  faith,  the  worship  of  Baal  displaced  that  of 
Jehovah,  and  seemed  likely  altogether  to  de- 
stroy it.  Later,  by  the  marriage  of  AthalLh, 
the  daughter  of  Ahab  and  Jezebel,  to  Jehoram, 
king  of  Judah,  the  same  course  of  things  began 
in  the  kingdom  of  Judah  (2  Kings  viii.  18). 
To  bring  back  the  nation  to  the  worship  of 
Jehovah,  and  to  the  recognition  of  him  as  God, 
was  the  work  of  Elijah.  This  work  began  with 
the  sudden  appearance  of  the  prophet  to  Ahab, 
to  announce  to  him  the  coming  drought  and 
famine,  which  the  nature  god  Baal  would  be 
powerless  to  prevent  (1  Kings  xvii,  1).  The  life 
of  the  prophet  up  to  this  time  had  probably 
been  spent  in  the  lonely  and  wild  region  on  the 
eastern  side  of  the  Jordan,  although  it  is  un- 
certain where  his  birthplace  was.  During  the 
three  years  and  more  of  drought  and  famine 
which  followed  Elijah's  first  appearance  to 
Ahab,  the  prophet  found  a  home  and  the  means 
of  life,  first  bv  the  brook  Cherith.  and  after- 
ward in  the  home  of  a  widow  in  Zarcphath,  a 
city  of  Pluenicia,  At  the  end  of  this  time  he 
had  his  great  contest  with  the  prophets  of  Baal 
on  the  Mount  Carmel.  where,  in  answer  to  bis 
prayer.  Jehovah  revealed  himself  bv  fire,  and 
was  acknowledged  bv  the  people  to  be  God. 
The  same  day  the  falling  rain  ended  the  drought 
and  the  famine  (1  Kings  xviii).  The  triumph 
of  the  prophet  was  followed  by  a  flight  to 
Mount  Horeb  to  escape  the  wrath  of  the 
angered  Jezebel.   On  this  mountain  he  received 
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from  God  a  revelation  in  regard  to  the  real 
part  his  work  had  in  the  history  of  his  nation, 
and  was  commanded  by  God  to  call  Elisha  to 
be  his  successor  in  the  work  for  the  nation.  In 
obedience  to  this  command,  he  went  from  Horeb 
to  Abcl-meholah,  the  home  of  Elisha.  Having 
given  to  Elisha  the  call  to  be  his  successor,  he 
disappeared  for  a  time  from  the  view  of  men 
(1  kings  xix).  About  six  years  later,  the 
prophet  again  appeared  to  Ahab  in  the  vine- 
yard of  Naboth,  in  Jczrccl.  to  denounce  him 
for  his  wicked  disregard  of  the  rights  of  his 
brother,  made  sacred  by  the  law  of  Jehovah  (1 
Kings  xxi,  17-24).  The  final  work  of  the 
prophet  on  behalf  of  his  people  is  recorded  only 
tn  the  book  of  Chronicles  (2  Chron.  xxi,  12-15). 
This  was  the  sending  of  a  letter  to  Jehoram, 
the  king  of  Judah,  to  tell  him  that,  because  he 
had  endeavored  to  introduce  the  Baal  worship 
of  the  northern  kingdom  into  Judah,  and  be- 
cause he  had  cruelly  murdered  his  brothers  to 
make  his  own  throne  more  secure,  Jehovah 
would  send  great  evils  upon  his  people,  his 
family  and  himself.  How  long  the  prophet 
lived  we  do  not  know  (2  Kings  li,  1-12).  Con- 
sult Milligan,  'Eliiah:  His  Life  and  Times* 
(!n  'Men  of  the  Bible'):  Farrar.  'First  Book 
of  Kings'  (Chaps,  xxxiii-xlviii,  in  the  'Ex- 
positors r/ble'  1893);  and  'Second  Book  of 
Krngs'  (in  the  same,  Chans,  i  and  it.  1902)  ; 
Strachan.  'Eliiah'  (in  Hastings'  'Dictionary 
of  the  Bible,'  1899). 

Sylvester  Burn-ham, 
Professor   of   Old    Testament  Interpretation, 
Thco'ogical  S  eminary  of  Colgate  University. 

ELIJAH,  The,  an  oratorio  by  Mendelssohn, 
first  performed  at  Birmingham,  England,  26 
Aug.  1846.  It  is  one  of  his  best-known  works 
and  is  more  popular  in  England  and  Amerira 
than  any  other  oratorio,  with  the  exception  of 
Handel's  'Messiah.' 

ELIMINATION.  In  mathematics  we  often 
meet  with  instances  where,  given  several  state- 
ments concerning  several  distinct  quantities,  we 
wi  h  to  d  scover  precisely  what  is  affirmed  of 
a  smaller  group  of  these  quantities.  For  ex- 
ample, in  the  solution  of  simultaneous  equa- 
tions, such  as 

a.*  +  b,y  -f  Ci  =  0 
<JvC  +  b,y  +  c%  =  0, 
to  obtain  the  value  of  x,  we  must  derive  from 
these  two  equations  a  single  one  not  involving  y 
This  process  is  called  the  elimination  of  y.  In 
the  case  of  linear  simultaneous  equations  such 
as  the  above,  the  elimination  may  be  performed 
by  multiplying  the  first  equation  bv  h  and  the 
second  bv  J>,  and.  subtractinc  or  by  solving  rhc 
first  equation  for  y  and  substituting  this  value 
in  the  second,  or  by  solving  both  equations  for 
y  and  cqua'ing  the  values  thus  obtained.  All 
these  methods  give  the  result 

>__  U:l 
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(see  Determinants),  and  throughout  all  forms 
of  elimination  determinants  are  very  convenient. 

Elimination  between  equations  not  linear  is 
apt  to  be  very  complicated  and  difficult.  How- 
ever, in  the  case  of  the  elimination  of  a  single 
unknown  from  two  consistent  algebraic  cqua- 
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tions,  Sylvester's  dialytic  method  forms  an 
easy  solution  to  the  problem.  This  consists 
in  obtaining  from  two  equations  in  x  of  the 
mth  and  nth  degrees,  respectively,  the  n  equa- 
t.ons  formed  by  multiplying  the  first  equation  by 
the  powers  of  x  from  the  0th  to  the  (n  — l)st 
and  the  m  equations  formed  by  multiplying  the 
second  equation  by  the  powers  of  x  from  the 
0th  to  the  (m  —  l)st,  and  by  eliminating  from 
these  the  powers  of  jr,  considered  as  independ- 
ent variables.  We  thus  get  tn  +  n  equations 
in  w  +  w  —  1  variables,  and  the  condition  (sec 
Determinants)  that  these  be  consistent  is  that 
the  determinant  of  the  coefficients  should  vanish. 
For  example,  if  our  two  equations  are 

\oa*  +  ace*  +  a**  +  oa  +  a,  =  0 
+  6.x  +  b*  =  0 
we  obtain  from  these  the  equivalent  family  of 
equations 

aur*  +  flur1  -f  Oix*  +  o>x  +  a*  —  0 
fljr*  +  aa*  +  Uii'  +  auc*  -f  cux  =0 
b**  +  b#  +  b,  =  0 
b^  +  b^  +  ln  -  0 

b#*  +  blx>  +  bat  =0 
+  b,x*  +  bjc*  =  0. 

which  give  the  relation  between  the  coefficients 

0  a*  at  at  at  a, 

at  at  at  <h  «t  0 

0  0  0  bt  bt  b,  _n 

0  0  6,  bi  th  0      ~ u- 

0  b,  bt  bt  0  0 

bt  6,  b,  0  0  0 

In  certain  cases  an  analogous  method  may 
be  applied  to  systems  of  three  or  more  equa- 
tions. A  method  of  similar  application  to  that 
of  Sylvester  had  been  discovered  previouslv  by 
Euler.  (See  Algebra,  Elementary;  Determi- 
nants). Consult  Burnsidc  and  Ponton,  'Theory 
of  Equations'  (Dublin  1901);  Dickson,  'Intro- 
duction to  the  Theory  of  Algebraic  Equations' 
(New  York  1903);  Muir,  'Theory  of  Deter- 
minants' (London  1890);  Young,  'Monographs 
on  Modern  Mathematics'  (New  York  1911). 

ELIOT,  Charles  William,  American  col- 
lege president  and  educator:  b.  Boston,  Mass., 
20  March  1834.  He  was  graduated  from  Har- 
vard in  1853,  was  tutor  in  mathematics  there 
1854-58,  and  assistant  professor  of  mathematics 
and  chemistry  in  the  Lawrence  Scientific  School, 
Harvard,  1858-63.  After  spending  two  years  in 
Europe  studying  chemistry  and  investigating 
educational  methods  he  was  professor  of 
analytical  chemistry  in  the  Massachusetts  Insti- 
tute of  Technology  1865-69.  In  the  last-named 
year  he  became  president  of  Harvard  University, 
which  position  he  resigned  in  1909.  He  is  one 
of  the  foremost  writers  and  speakers  of  the  day 
upon  educational  and  social  problems  and  has 
exerted  a  strong  influence  upon  the  trend  of 
American  thought.  During  his  incumbency- 
Harvard  College  introduced  what  is  commonly 
known  as  the  elective  system  —  a  system  since 
adopted  by  most  American^  colleges,  whereby 
students  no  longer  must  pursue  a  rigidly  pre- 
scribed curriculum,  but  may  chose  (within 
certain  groups)  any  of  the  siibleeTs  taught. 
Under  President  Eliot,  too,  Harvard's  college 
course  could  he  covered  in  three  years  instead 
of  four,  thus  making  it  possible  to  complete 
both  the  college  and  a  professional  course  in 
six,  instead  of  seven,  years.  Numerous  other 
educational  reforms  were  advocated  by  Dr 
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Eliot  in  his  long  career  at  Harvard,  which 
have  placed  him  among  the  greatest  American 
educators  and  have  won  great  prestige  for  the 
university  over  which  he  presided.  He  has 
published  'Manual  of  Qualitative  Chemical 
Analysis*  (with  F.  H.  Storer) ;  'Manual  of 
Inorganic  Chemistry*  (with  F.  H.  Storer) ; 
'Five  American  Contributions  to  Civilization 
and  Other  Essays';  'Educational  Reform'; 
•More  Money  for  the  Public  Schools'  (1903)  ; 
•John  Gil!cy>  (1904);  'The  Happy  Life* 
(1905);  'The  Road  Towards  Peace'  (1915). 

ELIOT,  George  (the  pseudonym  of  Maky 
Ann  or  Marian  Evans  Cross),  the  most  dis- 
tinguished of  English  women  novelists  :  b.  Ar- 
bury  farm,  near  Nuneaton,  Warwickshire,  22 
Nov.  1819;  d.  Chelsea,  22  Dec.  1880.  Her  father, 
Robert  Evans,  who  was  of  Welsh  extraction, 
was  agent  on  the  estates  of  Francis  Ntwdcgatc ; 
and    the    future    novelist    was    the  second 
daughter  and  third  child  of  his  second  marriage. 
When  Marion  was  a  few  months  old,  the  family 
removed  to  Griff,  a  "cheerful  red-brick,  ivy- 
covered  house,*  and  there  the  first  21  years 
of   her    life    were    spent    amid    scenes  and 
among  a  people  that  she  was  destined  to  im- 
mortalize.   Her  first  school  was  at  Attlchorough, 
and  from  there  she  went  to  a  boarding  school 
at  Nuneaton,  one  of  the'  governesses  at  which, 
Miss  Lewis,  became  a  warm  friend,  and  suc- 
ceeded in  awakening  religious  impressions  that 
were  deepened  in  the  years  she  spent  between 
the  ages  of  13  and  16,  at  Miss  Franklin's  school 
in  Coventry.     The  death  of  her  mother,  to 
whom  she  was  tenderly  devoted,  which  occurred 
in  1836,  was  succeeded  soon  after  by  the  mar- 
riage of  her  sister,  and  the  care  of  her  father's 
home  then  devolved  upon  her.    The  duties  of 
the  household  were  accompanied  by  lessons  in 
Italian  and  German,  Greek  and  Latin;  she  was 
already  an  omnivorous  reader  and  one  with  a 
fine  power  of  selection;  she  was  passionately 
fond  of  music,  and  an  excellent  player  on  the 
piano  on  which  instrument  she  might  have  at- 
tained some  distinction  as  an  executant  but  for 
the  "agonies  of  shyness*  with  which  she  was  af- 
flicted.    Her  father's  retirement   from  active 
life  was  followed  by  her  brother's  appointment 
to  succeed  him,  and  Marian  and  her  father  re- 
moved in  1841  to  Toleshill  Road,  Coventry-. 

Up  to  this  time  Marian  was  deeply  imbued 
with  evangelical  religion,  which  had  been 
stamped  upon  a  mind  of  singular  receptivity 
by  the  example  and  instruction  of  her  teachers. 
Then  with  expanding  intellect  came  vanishing 
faith.  Among  the  new  friends  was  Charles 
Bray,  whose  wife  was  a  sister  of  Charles  Hcn- 
nell.  the  author  of  a  work  entitled  'An  Inquiry 
Concerning  the  Origin  of  Christianity,'  pub- 
lished in  1838,  and  rationalistic  in  tone.  The 
reading  of  this  and  similar  works  effected  a 
complete  revolution  in  the  inner  life  of  Marian 
Evans;  she  abandoned  the  creed  of  her  girl- 
hood, and  determined  in  the  spring  of  1842  not 
to  go  to  church.  This  was  the  occasion  of  a 
temporary  breach  with  her  father,  who  was  a 
churchman  of  the  old  school  and  little  disposed 
to  brook  rebellion  in  his  own  household.  After 
a  short  absence  from  home  and  through  the 
efforts  of  friends  a  reconciliation  was  effected ; 
Marian  returned  and  resumed  her  attendance 
at  church,  and  although  she  never  retraced  by 
a  step  the  course  she  had  taken,  her  works  are 
witness  to  the  insight  and  tenderness,  born  of 
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understanding,  with  which  she  approached 
evangelical  beliefs. 

Tnc  vears  from  1842  to  1849  were  devoted 
to  attendance  on  her  father  during  his  recurrent 
illnesses,  and  by  the  translation  of  Strauss's 
'Life  of  Jesus.*  a  work  which  entailed  two 
years  of  exacting  labor  and  was  published 
anonymously  in  1846,  and  for  which  she  received 
the  sum  of  £20.  The  completion  of  this  work 
left  her  "Strauss-sick —  it  makes  her  ill  dis- 
secting the  beautiful  story  of  the  Crucifixion.* 
After  the  death  of  her  father  (1849)  she  went 
to  the  Continent  and  passed  about  eight  months 
in  Geneva.  On  her  return  she  took  up  work 
on  the  Westminster  Review,  acting  as  sub- 
editor, and  in  1853  went  to  reside  at  the  office 
of  the  magazine  at  142  Strand.  In  the  same 
year  she  published  a  translation  of  Fcuerbach's 
'Essence  of  Christianity,*  the  only  work  pub- 
lished under  her  own  name,  and  the  leading 
idea  in  which  is  that  man  has  made  God  in  his 
own  image  —  the  spiritualized  form  of  his  hopes 
and  desires.  At  this  period  she  made  the  ac- 
quaintance of  Froude,  J.  S.  Mill,  Carlyle,  Har- 
riet Martineau,  Herbert  Spencer  and  George 
Henry  Lewes  (q.v.). 

With  Lewes,  whom  she  describes  as  "a  man 
of  heart  and  conscience,  wearing  a  mask  of 
flippancy,"  she  entered  into  a  connection  which 
she  regarded  as  a  marriage  without  the  sanc- 
tion of  law.  He  had  a  wife  already,  from  whom 
he  was  separated  under  circumstances  that  pre- 
cluded the  possibility  of  divorce.  This  alliance 
is  regarded  by  many  as  the  one  fatal  step  in 
her  life,  and  to  it  they  attribute  the  somewhat 
obtrusive  self  -consciousness  that  is  apparent  in 
some  parts  of  her  writings,  and  note  that  the 
novelist's  own  conduct  does  not  square  with 
her  teachings.  There  is  no  doubt  however  that 
they  lived  happily  together,  and  that  their  union 
exercised  a  profound  mutual  influence  on  their 
literary  life  and  fortunes.  Lewes  undertook  all 
business  matters  for  her,  acted  as  critic  and 
mentor;  and  tactfully  shielded  her  from  the 
perusal  of  unfavorable  or  inept  reviews.  In- 
deed but  for  the  constant  encouragement  and 
stimulus  given  by  Lewes,  the  chances  arc  that 
Marian  Evans  would  never  have  discovered 
herself  as  a  creative  artist,  for  although  possess- 
ing singular  robustness  and  health  of  intellect 
she  was  of  low  physical  vitality,  subject  to 
acute  fits  of  depression,  and  only  by  strong 
effort  was  able  to  undertake  creative  work. 
Lewes  and  Marian  Evans  left  England  in  July 
1854  and  wintered  in  Germany.  On  their  re- 
turn she  labored  at  a  translation  of  Spinoza's 
'Ethics*  and  wrote  reviews  for  the  Leader. 
An  article  contributed  to  the  Westminster 
Review  entitled  "Evangelical  Teaching:  Dr. 
Gumming,"  in  which  the  famous  preacher  of 
Crown  Court  was  subjected  to  a  criticism  that 
was  at  once  informed,  witty,  pointed  and  scath- 
ing, revealed  to  Lewes  that  he  had  mated  with 
genius,  and  under  his  encouragement,  'The  Sad 
Fortunes  of  the  Reverend  Amos  Barton'  was 
begun  in  September  1856,  and  appeared  in 
Blackwood's  Magazine  in  January  1857.  This 
was  followed  by  'Mr.  Gilfil's  Love  Story,'  and 
'Janet's  Repentance,'  the  three  stories  being 
published  in  book  form  in  1858,  under  the  pen 
name  of  'George  Eliot  '  Discerning  critics 
like  Thackeray  and  Dickens  recognized  that  a 
new  force  had  arisen  in  England  fiction,  and  the 
latter  divined  that  the  creator  was  a  woman. 
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It  may  be  questioned  if  the  author  ever  bettered 
those  faithful  sketches  of  old-fashioned  life  in 
the  Warwickshire  of  her  girlhood,  with  their 
genial  and  kindly  humor,  warmth  of  sympathy, 
power  of  description  and  moving  but  unforced 
pathos.  'Scenes  of  Clerical  Life'  could  not  lie 
called  a  popular  success,  but  with  her  next  novel 
'Adam  Bede'  (1859)  written  partly  in  Eng- 
land, partly  at  Munich  and  Dresden,  the  read- 
ing public  was  taken  by  storm,  and  it  has  re- 
mained the  most  popular  of  George  Eliot's 
works.  The  genesis  of  the  story  came  to  the 
author  through  an  aunt,  a  Methodist  preacher, 
who  had  occasion  to  pass  a  night  with  a  girl 
condemned  for  child  murder,  the  aunt  and  girl 
respectively  becoming  the  Dinah  Morris  and 
Hetty  Sorrel  of  the  novel.  George  Eliot  was 
put  to  considerable  annoyance  by  the  claims 
made  to  its  authorship,  especially  by  one  Lig- 
gins  in  her  native  county,  and  only  the  inter- 
vention of  Blackwood  the  publisher  set  the  mat- 
ter at  rest.  It  then  became  known  that  Marian 
Evans,  the  Westminster  reviewer,  and  George 
Eliot  were  identical.  'The  Mill  on  the  Floss » 
(1860)  is  to  some  extent  autobiographical,  the 
charming  portraits  of  Maggie  and  Tom  Tulli- 
ver  being  drawn  from  her  own  and  her  brother 
Isaac's  childhood.  'Silas  Marner,'  which  many- 
regard  as  her  most  perfect  story,  followed  in 
1861.  In  1860  George  Eliot  had  spent  the  sum- 
mer in  Italy  collecting  material  for  h"r  great 
historical  romance,  'Romola,'  first  published 
serially  in  Cornhilt,  for  which  she  received  the 
then  unhcard-of  sum  of  £7,000,  and  which  ap- 
peared in  book  form  in  1863.  In  order  to  write 
this  she  went  through  a  course  of  reading  that 
would  have  qualified  her  to  write  a  history. 
Her  husband  says  that,  "it  ploughed  into  her 
more  than  any  of  her  works,™  and  she  herself 
says  she  "began  it  a  young  woman,  and  finished 
it  an  old  woman."  Although  it  must  be  pro- 
nounced a  masterpiece,  reflecting  her  powers  at 
their  very  highest,  it  cannot  be  regarded  —  in 
spite  of  the  fine  character  drawing  in  it,  espe- 
cially of  Tito  Milcma  and  Tessa— as  a  faith- 
ful and  lifelike  reproduction  of  the  Florence 
of  the  Renaissance.  The  appearance  of  'Felix 
Holt  the  Radical*  in  1866  seemed  to  betoken 
diminishing  powers.  She  then  essayed  poetry, 
'The  Spanish  Gypsy'  appearing  in  1868,  atid 
'Agatha'  in  186°;  and  these  revealed  that  her 
art  did  not  lie  in  that  direction.  The  only  poem 
of  hers  that  is  certain  to  live  is  the  noble  piece 
beginning  'O  may  I  join  the  choir  invisible.' 
'Middlemarch'  (1871-72),  a  novel  which  may- 
be regarded  as  inspired  by  her  life  at  Coventry, 
as  her  early  works  drew  their  stimulus  from 
childhood  and  girlhood,  is  notable  for  some 
fine  characterizations  of  middle  and  upper  class 
life  in  an  English  provincial  town,  and  is  replete 
with  pregnant  thought.  'The  Legend  of  Jubal 
and  Other  Poems'  appeared  in  1874.  'Daniel 
Deronda,'  her  last  great  work,  was  published 
in  book  form,  and  in  the  opinion  of  at  least  one 
noted  critic  is  the  best  of  her  novels  and  marks 
the  culminating  point  in  her  career.  On  28 
Nov.  1878,  Lewes  died.  This  bereavement 
was  a  crushing  blow  to  George  Eliot ;  for  weeks 
she  saw  no  one  and  wrote  no  letters;  and  she 
buried  herself  preparing  his  unpublished  work 
for  the  press,  and  founded  a  scholarship  in  his 
memory  for  scientific  investigation.  '  Thco- 
phrastus  Such,'  written  sometime  earlier,  ap- 
peared in  1879.    She  never  really  got  over  the 


shock  of  Lewes's  death.  In  the  months  of  sor- 
row and  depression  following  on  that  event 
she  had  been  lifted  somewhat  by  the  fore- 
thought fulness  and  helpful  sympathy  of  J.  W. 
Cross,  an  American  —  an  old  friend  of  her  own 
and  of  Lewes  —  to  whom  she  was  married  on 
6  May  1880.  But  their  married  life  was  cut 
short,  for,  after  contracting  a  chill  at  a  concert, 
she  died  on  22  December  of  the  same  year. 
The  first  collected  edition  of  her  novels  ap- 
peared 1878-80,  and  a  25-volume  edition  was 
issued  at  Boston  in  1908.  See  Adam  Bede; 
Middlemarch;  Mill  on  the  Floss,  The; 
Romola;  Silas  Marner. 

Bibliography.— Consult  her  'Life  and  Let- 
ters,' by  J.  W.  Cross  (3  vols.,  London  1885); 
biographies  by  Blind  (London  1883)  ;  Brown- 
ing, O.,  (London  1892);  and  Stephen,  L.  (New 
York  1902);  Dcakin,  'Earlv  Life  of  George 
Eliot  >  (Manchester  1913)  ;  Dow  den,  E.,  'Studies 
in  Literature'  (London  1878);  Hut  ton,  'Mod- 
ern  Guides   of   English   Thought'  (London 

1887)  ;  James,  'Partial  Portraits'  (1888); 
Mottram,  'The  True  Story  of  George  Eliot  in 
Relation  to  Adam  Bede'  (New  York  1905); 
Myers,  'Essays  Modern'  (1883);  Parkinson, 
'Scenes  from  the  George  Eliot  Country'  (Leeds 

1888)  . 

ELIOT,  Sir  John,  English  orator  and 
statesman :  b.  Port  Eliot,  Cornwall,  20  April 
1592;  d.  London,  27  Nov.  1632.  He  studied 
at  Exeter,  but  did  not  take  a  degree.  He  then 
took  up  law,  and  traveled  in  Europe,  where  he 
became  an  intimate  friend  of  George  Villiers, 
later  Duke  of  Buckingham.  In  1614  he  was 
sent  to  the  "Addled*  Parliament  for  Saint  Ger- 
mans. In  1618  he  was  knighted  and  in  the  fol- 
lowing year,  through  the  patronage  of  the  Mar- 
quis of  Buckingham,  was  made  vice-admiral 
of  Devon.  In  this  capacity  he  was  energetic 
in  suppressing  piracy.  His  arrest  of  a  notorious 
pirate  named  Nutt  brought  him  into  collision 
with  Nutt's  orotector.  Sir  George  Calvert,  then 
Secretary  of  State;  and  Eliot  was  imprisoned 
on  trumped-up  charges  for  three  months.  The 
return  of  the  Duke  of  Buckingham  accom- 
plished his  release.  He  was  returned  to  Parlia- 
ment in  1624,  where  his  remarkable  independ- 
ence and  fluent  oratory  at  once  brought  him 
into  prominence.  He  supported  the  proposed 
war  with  Spain  and  began  his  life-long  opposi- 
tion to  encroachments  on  the  rights  of  the 
House  of  Commons,  which  he  considered  the 
backbone  of  the  national  government.  He  was 
re-elected  in  1625,  during  which  session  he 
opposed  the  leniency  toward  Catholicism  and 
became  an  ardent  supporter  of  constitutional 
rights.  In  1626,  the  accumulated  mismanage- 
ments and  instances  of  the  selfish  policies  of 
Buckingham  completely  undermined  Eliot's  faith 
in  him  and  an  impeachment  followed.  This, 
together  with  Eliot's  opposition  of  forced  loans, 
led  to  his  imprisonment.  At  the  protest  of  the 
Commons  he  was  shortly  released  and  returned 
to  Parliament  in  1628.  He  joined  Coke  in 
promoting  the  Petition  of  Right  which  was 
signed  bv  Charles  on  7  June.  In  1629,  after 
the  murder  of  Buckingham,  Eliot  devoted  him- 
self to  the  earnest  support  of  Protestantism. 
His  attempts  to  resist  the  king's  tonnage  and 
poundage  taxes  were  met  by  the  monarch  with 
contempt  and  with  the  adjournment  of  Parlia- 
ment. When  this  last  measure  was  to  be  carried 
out  a    second    time,    Eliot    insisted   that  the 
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speaker  be  held  in  his  chair  while  a  speech  was 
read  indicating  the  king's  encroachments  on 
constitutional  rights.    When  summoned  to  trial 
he    declared    that    he    was    answerable  to 
Parliament     alone     for     his     actions  and 
would  not  reply  to  charges  brought  against 
him    by    any    other    body.     He    was  con- 
fined in   the  Tower,   and  finally  tried  with 
Holies  and  Valentine  for  conspiracy  against 
lawful  order.    Eliot  refused  to  yield  an  inch  in 
submission  to  the  king  and  was  fined  and  im- 
prisoned in  1629,  where  he  sickened  and  died. 
During  his  imprisonment  he  wrote  a  work  on 
constitutional  monarchy  entitled  the  'Monarchy 
of   Man,'  and  also  an  account  of  the  first 
Parliament    of    Charles    I    under    the  title 
'Negotium  Posteriorum* ;   'An  Apology  for 
Socrates,*  a  vindication  of  his  own  public  con- 
duct, and  «Dc  Jure  Majcstatis,*  a  treatise  on 
government.    Eliot  was  not  republican  in  his 
views,  but  believed  rather  that  the  ideal  state  was 
a  constitutional  monarchy  in  which  the  powers 
of  the  king  would  be  strengthened  and  inter- 
preted by  Parliament.  He  was  distinguished  by 
the  enthusiasm  rather  than  the  logical  depth  of 
his  speeches.    The  king's  treatment  of  Eliot 
was  one  of  the  causes  of  the  unpopularity  of 
that  monarch  which  led  to  his  downfall.  Pym 
did  much  to  systematize  the  political  theories 
of  Eliot    Consult  Forster,  'Life  of  Sir  John 
Eliot*  (London  1871);  and  Gardiner,  'History 
of  England*  (London  1893-95). 

ELIOT,  John,  American  colonial  mission- 
ary, "the  Indian  Apostle":  b.  probably  at  Wid- 
ford,  Hertfordshire,  1604;  d.  Roxbury,  Mass., 
20  May  1690.    He  was  graduated  at  Cambridge 
in  1622,  and,  after  taking  orders  in  the  Church 
of  England,  quitted  his  native  country  for  con- 
science's sake  and  landed  at  Boston,  New  Eng- 
land\  in  1631.  In  1646,  after  two  years  study 
of  the  Indian  language,  he  delivered  a  long  ser- 
mon in  the  native  dialect  at  Nonantum,  and 
other  meetings  soon  followed.   He  shortly  after 
began  to  establish  his  converts  in  regular  set- 
tlements, his  work  meeting  with  approval  both 
in  the  colony  and  at  home;  in  England  a  cor- 
poration was  founded  in  1649  "for  the  promo- 
tion and  propagating  the  Gospel  among  the  In- 
dians of  New  England,*  which  defrayed  the 
expenses  of  the  preachers  and  the  cost  of  print- 
ing translations.   At  one  time  there  were  over 
a  dozen  townships  of  "praying  Indians'*  within 
the  bounds  of  Massachusetts,  and  many  more 
outside  these  limits,  with  numbers  estimated 
in  1674  at  3,600;  but,  although  the  organization 
survived  until  the  death  of  the  last  native 
pastor  in  1716,  the  decay  of  the  "praying  towns" 
was   rapid  after  the   war  with  King  Philip 
(1675),  in  which  the  converts  suffered  equal 
cruelties  at  the  hands  of  their  countrymen  and 
of  the  English.  There  are  monuments  to  Eliot's 
memory  in  the  Indian  burying-ground  at  South 
Natick,  and  at  Newton,  near  the  scene  of  his 
first  Indian  sermon.    A  man  of  earnest  piety 
and  devotion,  warm-hearted  and  of  a  singularly 
attractive  manner,  he  has  left  a  memory  that  is 
honored  among  the  first  in  the  history  of  New 
England.     With  Thomas  Weld  and  Richard 
Mather,  Eliot  prepared  an  English  metrical  ver- 
sion of   the  Psalms,  the   'Bay  Psalm-book* 
(Cambridge  1640),  as  the  first  book  printed  in 
New  England.   He  was  also  the  author,  among 
other  works,  of  'The  Christian  Commonwealth' 


(London  1659),  suppressed  by  the  court  and 
now  extremely  rare;  'The  Communion  of 
Churches*  (1665),  the  first  book  privately 
printed  in  America;  and  of  translations  into 
the  Indian  tongue  of  Baxter's  'Call*  ;  Bayly's 
'Practice  of  Piety'  (abridged);  and  Shepard's 
'Sincere  Convert.'  But  the  great  work  of  his 
life  was  the  translation  of  the  Bible  into  the 
tongue  of  the  Indians  of  Massachusetts 
(Algonquin),  of  which  the  New  Testament  ap- 
peared in  1661,  and  the  whole  work,  with  a  ver- 
sion of  the  Psalms  in  metre  and  a  page  of 
"catechism*  in  1663.  The  longest  single  word 
in  it  is  "Wutappesittukqussunnoohwehtunkquoh,* 
signifying  "kneeling  down  to  him,"*  in  Mark  i, 
40;  which  illustrates  the  jest  of  Cotton  Mather, 
who  said  he  thought  the  words  of  the  lan- 
guage must  have  been  growing  ever  since  the 
dispersion  at  Babel.  Only  14  complete  copies  of 
the  first  and  second  editions  are  known  to  be  in 
existence.  A  scientific  study  of  Eliot's  Indian 
Bible  was  made  by  T.  H.  Trumbull  (q.v.),  and 
his  manuscript  published  1903  as  'Bulletin 
25*  by  the  Bureau  of  American  Ethnology, 
Washington.  Its  title  is  the  'Natick  Dic- 
tionary* and  it  is  divided  into  two  parts, 
the  first  giving  the  Natick  words  with  Eng- 
lish definitions  and  the  second  giving  the 
English  words  with  Natick  definitions. 
While  it  is  devoted  to  the  Natick  lan- 
guage it  is  practically  a  dictionary  of  all  the 
Algonquin  languages  of  Massachusetts,  for  the 
tribes  of  that  part  of  the  country  spoke  prac- 
tically the  same  language,  though  each  had  its 
dialectic  variations.  Eliot's  <Ind  ian  Grammar 
Begun*  was  printed  in  1666;  his  'Indian 
Primer*  in  1669.  The  finest  collection  of  unique 
and  scarce  copies  of  Eliot's  works  is  in  the 
Lenox  Library,  New  York;  many  of  them  have 
been  reprinted.  The  best  'Life  of  Eliot'  is 
that  by  Francis  (Vol.  V);  Sparks'  'American 
Biography'  1st  scries  (1836);  the  earliest  that 
by  Cotton  Mather  (1691).  Consult  also  articles 
in  the  'Cyclopa:dia  of  American  Biography* 
(Vol.  II,  1887)  ;  and  the  'Dictionary  of  National 
Biography*   (Vol.  XVII,  1889). 

ELIOT,  Sir  John,  English  colonial  clergy- 
man: b.  7  Nov.  1685;  d.  22  April  1763.  He 
was  a  grandson  of  John  Eliot,  the  "Apos- 
tle to  the  Indians,"  and  was  long  a  pastor 
at  Killingworth,  Conn.  He  was  an  able 
preacher,  a  botanist  and  a  scientific  and  prac- 
tical agriculturist;  was  the  first  to  introduce  the 
white  mulberry  tree  into  Connecticut,  and  dis- 
covered a  process  of  extracting  iron  from  fer- 
ruginous sands.  He  was  also  regarded  as  the 
first  physician  of  his  day  in  the  colony;  and 
such  was  his  success  in  the  treatment  of  in- 
sanity and  chronic  complaints,  that  he  was  some- 
times sent  for  to  Newport  and  Boston,  and  was 
more  extensively  consulted  than  any  other  phy- 
sician in  New  England. 

ELIOT,  Samuel,  American  educator  and 
historian:  b.  Boston.  Mass.,  22  Dec.  1821;  d. 
Beverly,  Mass.,  14  Sept.  1898.  He  filled  the 
chair  of  history  and  political  science  in  Trinity 
College,  Hartford,  Conn.  (1856-64);  was  its 
president  (1860-64)  ;  and  lecturer  on  history  at 
Harvard  (1870-73),  and  head  master  of  the 
Girls'  High  School  in  Boston  (1873-76).  Fro.-r 
1876-80  he  served  as  superintendent  of  th^- 
Boston  public  schools.  Among  his  publicationc 
are  'The  History  of  Liberty*   (1853);  <Th,e 


Digitized  by  Google 


MA  ELIOT - 

Liberty  of  Rome'  (1849) ;  'Life  and  Times  of 
Savonarola'  (1856);  "Manual  of  United  States 
History  Between  the  Years  1492  and  1850'  (re- 
vised ed.,  1873);  and  'Stories  from  the  Ara- 
bian Nights'  (1879);  "Selections  from  Ameri- 
can Authors'  (1879). 

ELIOT,  Samuel  Atkins,  American  Uni- 
tarian minister:  b.  Cambridge,  Mass.,  24  Aug. 
1862,  son  of  Charles  W.  Eliot  (q.v.).  He  was 
graduated  at  Harvard  College  1884;  was  pastor 
of  Unity  Church,  Denver,  1889-93,  and  of  the 
church  of  the  Saviour,  Brooklyn.  1893-98.  He 
was  secretary  of  the  American  Unitarian  Asso- 
ciation 1898-1900,  becoming  its  president  at  the 
latter  date.  He  is  a  member  of  the  United 
States  Board  of  Indian  Commissioners;  the 
president  of  the  trustees  of  the  Hackley 
School,  an  editor  of  the  Hibbcrt  Journal;  vice- 
president  of  the  Massachusetts  Federation  of 
Churches,  etc.  He  holds  the  honorary  degree  of 
D.D.  from  Bowdoin  and  LL.D.  from  Western 
Reserve  University. 

ELIS,  elis,  (1)  a  country  in  the  west  of 
Peloponnesus,  where  Olympia  was  situated.  It 
was  bounded  on  the  east  by  Arcadia,  on  the 
south  by  Messenia  and  ran  along  the  coast, 
watered  by  the  river  Alphcus.  There  were  three 
districts  in  their  country  —  Colle,  or  Hollow 
Elis,  Pisatis  and  Triphylia ;  the  two  latter  being 
subject  districts.  It  was  the  seat  of  the  greatest 
national  festivals.  The  Athenians  were  the  first 
to  raid  the  coast  during  the  Peloponnesian  War 
and  frequent  conquests  followed.  After  the 
suppression  of  the  games  at  Elis  by  the  Em- 
peror Theodosius  in  394  a.d..  the  Elcans  lost 
their  prestige  entirely.  Elis  and  Archaia  now 
form  a  nomarchy  of  Greece  with  the  capital 
at  Pyrgos.  (2)  Elis,  once  the  capital  of  Elis. 
is  now  called  Kaloskopi.  (See  Olympia). 
Consult  Curtius,  'History  of  Greece.' 

ELISHA,  a  member  of  the  tribe  of  Issa- 
char,  a  citizen  of  Abcl-meholah,  was  a  dis- 
ciple of  Elijah,  and  his  successor  in  the  pro- 
phetic office.  His  prophetic  ministryf  which  was 
exercised,  as  was  that  of  Elijah,  in  northern 
Israel  began  in  the  reign  of  Ahab,  and  con- 
tinued through  the  reigns  of  Jehoram,  Jehu, 
Jehoahaz,  and  during  a  part  of  the  reign  of 
oash,  thus  covering  a  period  of  more  than 
alf  a  century.  He  was  a  man  of  very  dif- 
ferent character  and  mode  of  life  from  Elijah, 
although  master  and  disciple  seem  to  have  been 
most  warmly  attached  to  each  other.  Elijah 
was  a  son  of  the  desert;  Elisha  came  from  a 
quiet  farm  in  the  Jordan  Valley.  Elijah  lived 
apart  from  men;  Elisha,  for  the  most  part, 
dwelt  in  the  city,  cither  at  Jericho  among  the 
sons  of  the  prophets,  or  in  his  own  home  at 
Dothan  or  Samaria.  Elijah  had  nothing  to  do 
w  ith  kings  except  to  rebuke  them ;  Elisha  was 
their  friend  and  counsellor.  Yet  it  is  easy  to 
make  too  much  account  of  their  difference 
of  character  and  life  and  to  suppose  that  it 
affected  essentially  the  prophetic  aim  and  re- 
ligious attitude,  so  that  these  were  quite  differ- 
ent in  the  case  of  each  prophet.  But  to  claim 
that  the  work  and  spirit  of  Elisha  were  in 
marked  contrast  to  those  of  Elijah  would  be  to 
claim  too  much.  The  declaration  of  Jehovah  to 
Elijah  on  Mount  Horeb,  "Him  that  escapelh 
from  the  sword  of  Jehu,  shall  Elisha  slay' 
(1  Kings  xix,  17),  shows  that  it  was  Elijah's 
work   of    vengeance   and   destruction  whisk 
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Elisha  was  to  continue.  It  was  Itn'sha,  more- 
over, who  devised  the  plan  for  the  destruction 
Of  the  house  of  Ahab  (2  Kings  ix,  1-J).  It 
was  Elisha,  also,  who  reproved  King  J  oash  for 
his  lack  of  real  for  the  utter  overthrow  of  Syria 
(2  Kings  xiii,  19).  It  is  to  be  remembered  in 
this  connection  that  the  accounts  which  we 
have  concerning  the  career  of  Elisha,  whatever 
the  cause  may  be,  relate  rather  to  his  deeds  as  a 
man,  than  to  his  work  as  a  prophet. 

For  some  six  or  seven  years  after  his  call 
to  the  office  of  prophet  by  Elijah  at  Abel-me- 
holah  (1  Kings  xix,  19n21),  he  was  a  helper 
and  disciple  of  Elijah.  But  we  do  not  know 
just  where  he  was  in  all  this  time,  or  the  exact 
nature  of  his  work.  At  the  close  of  this  time, 
after  the  ascension  of  Elijah,  he  began  his  own 
independent  work  as  a  prophet  (2  Kings  ii,  13- 
22).  The  character  of  the  narrative  in  the 
Second  Book  of  Kings  makes  it  impossible  to 
arrange  the  events  of  his  life  in  chronological 
order.  It  is  better,  therefore,  to  group  them 
under  two  headings:  (a)  his  deeds  in  private 
life;  (b)  his  deeds  in  public  life. 

Under  the  first  class,  we  may  put  (1)  the 
healing  of  the  waters  of  Jericho  (2  Kings  ii, 
19-22)  ;  (2)  the  punishment  of  the  lads  of 
Bethel  (2  Kings  ii,  23-25);  (3)  the  saving  of 
a  widow's  son  from  slavery  (2  Kings  iv,  1-7)  ; 
(4)  the  restoring  of  the  Shunammitc's  son  to 
life  (2  Kings  iv,  32-36) ;  (5)  the  rendering  of 
some  poisonous  pottage  harmless  (2  Kings  iv, 
38-41)  ;  (6)  the  miraculous  feeding  of  a  hun- 
dred men  (2  Kinu;s  iv,  42-44)  ;  (7)  the  healing 
of  Naaman  the  leper  (2  Kings  v)  ;  (8)  the 
causing  of  the  iron  head  of  an  axe  to  swim  (2 
Kings  vi,  1-7). 

Under  the  second  class  we  may  put  (1)  his 
helpful  work  in  the  campaign  against  Moab  (2 
Kings  iii,  11-24);  (2)  his  bringing  of  the  Syrian 
armv  into  Samaria,  where  they  were  made  pris- 
oners (2  Kings  vi,  8-23)  ;  (3)  his  activity  in  the 
siege  of  Samaria  (2  Kings  vi,  24,  vii,  2)  ;  (4) 
his  visit  to  Damascus  to  announce  to  Hazael 
that  he  shall  be  king  of  Syria  (2  Kings  viii 
7-13)  ;  (5)  the  sending  of  a  messenger  to  anoint 
Jehu  to  be  king  of  Israel  (2  Kings  ix,  1-3)  ;  (6) 
the  assuring  of  King  Joash  that  Israel  should 
be  victorious  over  Syria  (2  Kings  xiii,  14-19). 

But  the  power  of  Elisha  for  good  did  not 
end  with  his  life.  Of  him  alone  of  all  the 
prophets  it  is  recorded  that  he  wrought  a 
miracle  after  his  death.  A  dead  man  who  was 
hastily  cast  into  the  sepulchre  of  the  prophet, 
on  touching  the  prophet's  bones,  came  to  life, 
and  stood  upon  his  feet  (2  Kings  xiii,  20-21). 
Consult  Grove,  "Elisha'  (in  Smith's 'Dictionary 
of  the  Bible,'  1868);  Stracban,  "Elisha'  (in 
Hastings'  'Dictionary  of  the  Bible.'  1899); 
Farrar,  "Second  Book  of  Kings'  (Chaps,  hi- 
xvii  in  the  'Expositor's  Bible,'  1902). 

Sylvester  BtmNiiAM, 
Professor   of   Old   Testament  Interpretation, 
Theological  Seminary  of  Colgate  University. 

ELIXIRS,  in  pharmacy,  are  aromatic, 
sweetish,  spirituous  preparations,  containing 
small  quantities  of  active  medicinal  drugs. 
They  arc  now  mostly  used  as  vehicles  for  other 
remedies  and  have  very'  little  potent  action  save 
that  of  the  alcohol  which  they  contain.  Elixir 
aromaticum  and  Elixir  glycyrrhizce  (licorice) 
ore  the  only  two  elixirs  recognized  bv  the  191/ 
•■•-vision  of  the  United  States  Phannacopcca. 
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ELIZABETH,  the  wife  of  the  priest 
Zacharias  and  mother  of  John  the  Baptist,  and 
a  relative  of  Mary,  the  mother  of  Jesus.  An 
angel  foretold  to  her  husband  the  birth  of  a 
son  in  her  old  age;  and  it  was  also  foretold 
by  the  angel  Gabriel  to  the  Virgin  Mary,  as  an 
assurance  of  the  birth  of  the  Messiah. 

ELIZABETH,  queen  of  England :  b.  Green- 
wich, 7  Sept.  1533;  d.  Richmond,  Surrey,  24 
March  1603.    She  was  the  daughter  of  Henry 
VII I  and  of  Anne  Boleyn.    After  her  mother 
had  been  beheaded  (1536)  both  she  and  her  sis- 
ter Mary  were  declared  bastards,  but  finally  she 
was  placed  after  Prince  Edward  and  the  Lady 
Mary  in  the  order  of  succession.    Thus,  while 
the  first  two  marriages  of  King  Henry  were 
both  still  held  to  be  illegal,  the  children  of  both 
were  legitimized.    Elizabeth  received  a  classical 
education,  as  was  customary  with  women  of 
rank  in  her  time,  and  under  her  tutor,  Roger 
Ascham,  is  said  to  have  attained  very  consider- 
able proficiency  in  Latin  and  Greek.  During 
her  father's  life,  as  well  as  in  the  reign  of  her 
brother,  various  negotiations  were  entered  into 
tor  her   marriage.    The  duke  of  Angouleme 
and  Philip  of  Spain,  who  afterward  married  her 
sister,  were  among  the  matches  proposed  for 
her;  but  the  only  affair  of  this  kind  in  which  she 
may  be  supposed  to  have  been  personally  inter- 
ested was  the  suit  of  Lord  Seymour  of  Dudley, 
the  Protector  Somerset's  brother.    It  is  certain 
that  even  during  the  life  of  Catharine  Parr,  the 
widow  of  Henry  VIII,  whom  he  married,  his 
attentions  to  the  Lady  Elizabeth  were  only  too 
well  encouraged.   Both  before  this  marriage  and 
after  the  death  of  his  wife  he  was  a  suitor  for 
the  hand  of  the  princess;  but  his  ambitious 
designs  in  this  and  other  matters  were  not  coun- 
tenanced by  the  council,  and  ultimately  cost  him 
his  life. 

On  the  death  of  King  Edward,  Elizabeth 
vigorously  supported  the  title  of  Queen  Mary 
against  the  pretensions  of  Lady  Jane  Grey,  by 
which  her  own  title  as  well  as  her  sister's  were 
barred.  She  rode  to  meet  her  sister,  accom- 
panied by  1,000  horse,  and  this  hold  proceeding 
was  of  no  small  service  in  confirming  the  doubt- 
ful in  their  allegiance ;  hut  Elizabeth  gained  lit- 
tle for  herself  bv  a  policy  in  which  it  was  well 
understood  she  had  her  own  interest  in  view. 
After  Wyatt's  conspiracy  her  life  was  in  great 
danger,  and  was  probably  saved  only  bv  the  in- 
tercession of  Philip.  She  was  committed  to  the 
Tower,  from  whence  she  was  removed  to  Wood- 
stock, where  she  was  confined  with  great  strict- 
ness. She  afterward,  through  Philip's  interces- 
sion, obtained  greater  liberty;  but  throughout 
the  whole  reign  continued  an  object  of  suspicion 
and  surveillance.  The  danger  she  now  incurred 
developed  traits  in  her  character  which  ever 
after  continued  conspicuous,  her  prudent  self- 
control  and  power  of  dissimulation.  She  made 
every  demonstration  not  onlv  of  conformity, 
but  of  zealous  adherence  to  the  established  re- 
ligion. Her  conduct  in  this  must  not  be  judged 
from  the  point  of  view  of  rigid  Protestantism, 
which  Elizabeth  never  professed;  but  there 
were  some  at  least  among  the  Roman  Catholic 
ceremonies  and  customs  to  which  she  could  not 
be  supposed  to  give  a  sincere  adherence  Never- 
theless, her  simulated  zeal  must  have  been  well 
and  ably  sustained,  for  her  conduct  was  not 
left  to  the  report  of  friends,  but  carefully 


watched  by  spies  and  informers.  "Philip  was 
most  anxious  to  have  her  married  out  of  the 
kingdom ;  and  if  the  Duke  of  Savoy,  whom  he 
proposed,  was  unacceptable  from  his  Roman 
Catholicism,  there  was  Eric,  son  of  the  king 
of  Sweden,  who  long  after  continued  to  press 
his  suit ;  but  Elizabeth  refused  both.  She  felt 
in  herself  a  capacity  for  rule,  and  her  sister's 
ill  health  opened  up  for  her  an  early  prospect  of 
the  throne,  which  she  was  unwilling  to  peril. 
Mary's  reign  was  not  without  advantage  to 
Elizabeth.  It  tried  her  councillors  as  well  as 
herself,  and  gave  her  the  opportunity  of  select- 
ing them  to  advantage.  Her  adviser  throughout 
the  whole  of  it  was  William  Cecil,  afterward 
Lord  Burleigh,  who  had  already  been  a  minister 
under  Edward  VI,  and  continued  for  the  rest 
of  his  life  to  be  one  of  the  chief  councillors  and 
ablest  ministers  of  Elizabeth,  to  whom  he  was 
in  manv  respects  a  congenial  spirit. 

On  17  Nov.  1558  Mary's  disastrous  reign 
came  to  a  close,  and  Elizabeth  was  immediately 
recognized  queen  by  Parliament.  On  entering 
London  she  was  met  by  the  bishops,  whom  she 
permitted  to  kiss  her  hand,  with  the  exception 
of  Bonner,  "whom  she  omitted  for  sundry 
severities  in  the  time  of  his  authority.*  It  was 
now  that  the  caution  and  secrecy  characteristic 
equally  of  Elizabeth  and  Cecil,  and  which  en- 
abled them  to  do  such  great  things,  appeared  in 
spontaneous  exercise.  The  Roman  Catholic  re- 
ligion was  still  predominant  in  the  House  of 
Lords,  and  any  attempt  to  overthrow  it  suddenly 
might  have  been  attended  with  the  greatest 
danger.  Elizabeth  made  no  immediate  change  in 
her  habits.  For  a  full  month  the  ceremonies  of 
the  Roman  Catholic  Church  were  retained  in  all 
their  state.  A  solemn  funeral  service  was  held 
for  Queen  Mary  in  Westminster  Abbey,  at  her 
interment  on  13  December.  The  Queen  even 
intimated  her  accession  to  the  Pope.  She  re- 
tained the  greater  part  of  her  sister's  council, 
choosing  only  seven  new  councillors,  who  were 
Protestants,  it  is  true,  but  not  then  known  as 
such.  Like  Cecil  and  herself,  they  had  all  con- 
formed, and  possessed  the  necessary  qualifica- 
tion for  Elizabethan  councillors  of  accomplished 
dissimulation.  Such  were  her  difficulties,  not- 
withstanding her  great  prudence,  that  at  her 
coronation  only  one  of  all  the  bishops.  Ogle- 
thorpe of  Carlisle,  could  be  found  to  set  the 
crown  on  her  head.  The  obstacle  lay  in  the 
terms  of  tht  oath  of  allegiance,  which  affirmed 
that  the  sovereign  was  the  supreme  head  of  the 
Church,  and  to  which  no  loyal  Catholic  could 
subscribe.  She  had  also  before  this  authorized 
the  reading  of  the  liturgy  in  English.  The  first 
great  object  of  her  reign  was  the  settlement  of 
religion.  A  Parliament  was  immediately  called, 
to  which  this  work  was  assigned.  It  met  on  25 
January,  and  was  dissolved  8  May,  but  its  object 
was  already  accomplished.  The  nation  was  pre- 
pared for  a  return  to  the  reformed  faith  or 
rather  to  the  via  media  which  is  embodied  in  the 
Anglican  Church  - —  and  Parliament  was  at  the 
bidding  of  the  court.  The  reformation  of  re- 
ligion in  England  was  the  work  of  Cranmer,  and 
had  already  been  accomplished  in  the  reign  of 
Edward  VI;  the  re-establishment  of  the  ecclesi- 
astical system  of  the  national  Church  on  the 
basis  on  which  it  has  remained  to  the  present 
day  was  the  work  of  Cecil  and  Elizabeth,  and  it 
was  nearly  completed  in  this  Parliament.  Eliza- 
beth had  less  extreme  opinions  than  many  sup-. 
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porters  of  the  new  faith.  She  was  tolerant,  for 
instance,  in  regard  to  images  and  was  fond  of 
ceremonial  and  is  said  to  have  entertained 
scruples  as  to  the  extent  of  the  royal  supremacy 
in  spiritual  matters;  hut  if  she  did,  they  must 
have  been  purely  speculative.  They  certainly 
vanished  on  the  first  taste  of  power. 

If  the  formal  establishment  of  the  reformed 
religion  was  easily  completed,  the  security  and 
defense  of  the  settlement  was  the  main  object 
of  the  policy  and  the  chief  source  of  all  the 
struggles  and  contentions  of  her  reign.  What 
made  the  position  so  difficult  was  the  intolerance 
by  which  at  this  period  and  for  long  after  all 
religious  sects  were  characterized.  No  sooner 
were  the  Puritans  freed  from  the  restrictive 
measures  of  Mary's  reign  than  they  began  to 
claim  predominance  for  their  own  dogmas.  But 
it  was  far  from  the  intention  of  the  Queen  and 
the  supporters  of  the  Established  Church,  not- 
withstanding the  common  persecutions  they  had 
endured,  to  grant  them  even  liberty  of  worship. 
Elizabeth's  own  determination,  as  expressed  by 
herself,  was  that  none  should  be  allowed  to  turn 
aside  either  to  the  right  hand  or  the  left  from 
the  drawn  line  of  prescribed  duty,  and  in  insist- 
ing upon  uniformity  of  worship  she  was  not 
singular,  but  was  acting  in  the  spirit  of  her  age. 
This  principle  was  not  less  firmly  held  in  her 
reign  than  in  her  sister's ;  and  Roman  Catholics 
on  the  one  hand,  and  Puritans  on  the  other,  re- 
strained only  by  their  dread  and  hatred  of  each 
other,  were  made  the  irreconcilable  enemies  of 
the  existing  order.  Moreover,  from  the  neces- 
sities of  the  struggle  the  severities  of  Elizabeth's 
reign  went  on  increasing  as  time  advanced.  At 
first  no  one  suffered  death  for  his  opinions;  but 
eventually  many  were  executed  for  this  cause. 
The  struggle  against  Roman  Catholics  was  the 
most  severe,  chiefly  because  they  were  supported 
by  foreign  powers;  so  that  while  their  religion 
was  wholly  prohibited,  even  exile  was  forbidden 
them  in  order  to  prevent  their  intrigues  abroad. 
Simple  non-conformity,  from  whatever  cause, 
was  pursued  with  the  severest  penalties.  The 
fine  imposed  for  non-attendance  at  church  was 
£20  per  month,  while  so  straight  were  the  lines 
of  conformity  drawn,  that  many  more  clergy- 
men were  driven  out  of  the  Church  by  differ- 
ences about  the  position  of  altars,  the  wearing 
of  caps  and  such  like  matters,  than  were  forced 
to  resign  by  the  change  from  Rome  to  Reforma- 
tion. These  stringent  measures  were,  however, 
the  rigid  consequences  of  the  false  position 
assumed. 

Elizabeth's  first  Parliament  approached  her 
on  a  subject  which,  next  to  religion,  was  the 
chief  trouble  of  her  reign,  the  succession  to 
the  crown ;  they  requested  her  to  marry.  She 
replied  in  a  long  speech,  declaring  her  intention 
to  live  and  die  a  virgin.  It  is  certain,  from  her 
conduct  both  before  and  after,  that  this  decla- 
ration was  only  a  convenient  affectation  of  prud- 
ery, which  at  once  served  to  flatter  her  vanity 
and  to  veil  her  real  indecision.  She  saw  too 
clearly  for  her  own  interest  the  restraints  to 
which  each  particular  marriage  might  subject 
her  and  therefore  she  shunned  them  all,  thus 
leaving  open  the  question  of  the  succession. 

On  Elizabeth's  accession  the  country  was  at 
war  with  France.  Peace  was  easily  concluded 
1559;  but  the  assumption  by  Francis  and  Mary 
of  the  royal  arms  and  titles  of  England  led  to 
an  immediate  interference  on  the  part  of  Eliza- 


beth in  the  affairs  of  Scotland.  She  entered  into 
a  league  with  the  Lords  of  the  Congregation,  or 
leaders  of  the  Reformed  party;  and  throughout 
her  reign  this  party  became  distinctively  an  Eng- 
lish one,  and  was  frequently  serviceable  in  fur- 
thering her  policy.  She  also'  gave  early  but  half- 
hearted and  dubious  support  to  the  Huguenot 
party  in  France,  and  to  the  Protestants  in  the 
Netherlands.  Though  she  disliked  war  as  an 
occasion  of  expense  and  had  no  toleration  for 
any  kind  of  nonconformity,  throughout  Europe 
she  was  looked  on  as  the  head  of  the  Protestant 
party.  She  roused  the  implacable  resentment  of 
Philip,  who  strove  in  turn  to  excite  the  Roman 
Catholics  against  her,  both  in  her  own  dominions 
and  in  Scotland.  After  the  detention  of  Mary 
queen  of  Scots  in  England,  he  fomented  the 
various  rebellions  in  her  favor,  formed  in  Eng- 
land and  Ireland  and  at  her  death  declared  him- 
self her  avenger.  Mary,  as  is  well  known,  was 
imprisoned  19  years  in  England,  whither  she 
fled  to  the  protection  of  Elizabeth.  Her  im- 
prisonment was  followed  by  a  scries  of  con- 
spiracies, beginning  with  that  under  the  earls  of 
Northumberland  and  Westmoreland  and  ending 
with  the  plot  of  Babington,  which  finally  deter- 
mined Elizabeth  to  proceed  to  extremities  with 
her  captive.  The  execution  of  Queen  Mary  was, 
nevertheless,  the  chief  political  blunder  of  Eliza- 
beth's reign.  If  the  death  of  Mary  did  not  raise 
up  new  enemies  to  Elizabeth  on  the  Continent 
it  at  least  gave  a  just  cause  of  offense  to  those 
ihe  already  had.  Elizabeth  had  for  some  time 
been  engaged  in  a  negotiation  for  marriage  with 
the  Duke  of  Alencon  (afterward  of  Anjoui; 
and  in  1580  the  Duke  arrived  in  London  to  pur- 
sue his  suit,  which  had  lasted  nearly  12  years, 
in  person.  He  was  well  received,  but  still  the 
Queen  hesitated.  She  was  now  47.  The  follow- 
ing winter  the  Duke  paid  another  visit  and  the 
marriage  was  all  but  concluded,  but  she  finally 
informed  him  she  could  never  marry. 

The  state  of  France,  as  indicated  by  the 
change  of  government  consequent  on  the  acces- 
sion of  Henry  IV,  who  was  assisted  by  Eliza- 
beth, obviated  any  danger  that  might  have 
arisen  from  the  indignation  which  the  execu- 
tion of  Queen  Mary  had  caused  in  that  coun- 
try. Nowhere,  however,  was  that  event  more 
meekly  borne  than  by  King  James.  The  Scot- 
tish Solomon  had  thought  his  mother's  danger 
a  favorable  opportunity  for  sententious  obser- 
vations about  the  strangeness  of  her  case,  and 
now  his  philosophy  was  nonplussed.  His  av.c 
of  Elizabeth  and  his  dread  of  interfering  with 
his  own  right  of  succession  to  England  made 
him  powerless,  and  he  accepted  an  addition  to 
his  pension  in  full  of  his  grievances.  Philip 
was  not  to  be  so  appeased.  He  had  other 
grievances,  to  which  the  execution  of  Mary 
lent  edge.  The  fleets  of  Elizabeth  had  galled 
him  in  the  West  Indies,  her  arms  and  subsidies 
had  helped  to  deprive  him  of  the  Netherlands; 
the  Armada  was  already  in  preparation.  There- 
fore he  called  the  Queen  of  England  a  mur- 
deress, and  refused  to  be  satisfied  even  with 
the  sacrifice  she  seemed  prepared  to  make  of 
her  Dutch  allies.  The  Armada  sailed  on  2  May 
1588.  Its  fate  is  too  well  known  to  need  reca- 
pitulation. The  war  with  Spain  dragged  on  till 
the  close  of  Elizabeth's  reign. 

During  her  long  rule  Elizabeth  showed  her 
judgment  in  nothing  so  much  as  in  the  coun- 
cillors she  trusted.    But  while  the  splendor  of 
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her  government  at  home  and  abroad  was  sus- 
tained by  such  men  as  Burleigh,  Bacon,  Wals- 
ingham,  Throgmorton  and  Davison,  who  served 
her  with  a  zeal  which  did  not  always  spare 
even  their  own  reputations,  she  had  personal 
favorites  of  less  merit  who  were  often  more 
brilliantly  rewarded.  It  is  sufficient  to  name 
Dudley,  whom  she  created  Earl  of  Leicester; 
and  Essex,  who  was  still  more  a  personal  favo- 
rite, though  much  less  a  courtier.  The  latter 
had  some  merit  as  a  soldier;  but  his  violcnr  tem- 
per, ill-suited  to  the  Queen's  haughty  disposition, 
brought  about  his  ruin.  He  was  beheaded  in 
1601  and  Elizabeth  never  forgave  herself  his 
death.  Her  own  health  soon  after  gave  way, 
and  she  died,  naming  James  of  Scotland  as 
her  successor. 

Besides  its  political  glories,  won  in  despite 
of  the  Queen's  somewhat  insular  and  narrow 
outlook,  the  reign  of  Elizabeth  was  the  golden 
age  of  English  literature.    If  all  else  could  be 
forgotten,  it  would  be  remembered  as  the  age 
of  Spenser  and  of  Shakespeare,  not  to  mention 
a  host  of  minor  names.   The  naval  achieve- 
ments of  Drake  and  the  discoveries  of  Raleigh 
concurred  to  do  it  honor.    Thus  everything 
conspired  to  throw  a  halo  round  the  name  of 
Elizabeth,  when  regarded  as  a  sovereign,  and 
seen  as  she  would  be  in  her  own  day,  especially 
by  foreign  beholders,  through  the  drapery  of 
state.  If  a  minute  criticism  has  exposed  some 
of  the  weaknesses  of  the  individual  woman 
who  bore  this  burden,  it  must  be  remembered 
that  the  process  is  only  half  fair.   As  a  sover- 
eign she  is  entitled  to  her  surroundings,  and 
as  an  absolute  ruler,  as  to  a  great  extent  she 
undoubtedly  was,  she  must  have  her  share  of 
praise  for  the  good  that  was  done  in  her  name. 
It  is  no  small  merit  to  select  good  councillors 
and  to  adhere  to  them.    Elizabeth  knew  how 
to  do  both ;  and  yet  she  was  no  puppet  in  the 
hands  of  her  advisers.    Though  haughty  and 
imperious    to  the  Commons,  she  knew  both 
when  and  how  to  yield.    She  studied  with  rare 
sagacity  the  temper  of  the  people;  and  high  as 
were  her  notions  of  prerogative,  she  may  fairly 
be  considered  the  first  constitutional  monarch 
of  England. 

Bibliography. —  Cambden,  'History  of 
Queen  Elizabeth'  (1622);  D'Ewes,  'Journals 
of  all  the  Parliaments  of  the  Reign  of  Queen 
Elizabeth>  £1682);  Bruce  (ed.),  'Letters  of 
Elizabeth  and  James  VP  (1849);  Wright. 
'Queen  Elizabeth  and  Her  Times'  (1838); 
Strickland,  'Lives  of  the  Queens  of  England'; 
VViesener,  'La  jeunesse  d'Elisabeth  d'Angle- 
terre'  (1878)  ;  Froudc.  'History  of  England' 
(Vols.  VII-XII.  1870)  ;  Hume,  Martin.  'Calen- 
dar of  Spanish  State  Papers:  Elizabeth';  ibid., 
'Courtships  of  Queen  Elizabeth'  (18%)  ;  ibid., 
'The  Year  After  the  Armada'  (18%);  ibid., 
'The  Great  Lord  Burghley'  (1898)  ;  Crcighton, 
'Queen  Elizabeth'  (1899);  Beezlev.  'Queen 
Elizabeth'  (1902);  Jessop,  'Queen  Elizabeth,' 
in  'Dictionary  of  National  Biography.' 

ELIZABETH,  empress  of  Austria:  b. 
Possenhofen,  Bavaria,  24  Dec.  1837;  d.  Geneva, 
10  Sept.  1898.  She  was  the  daughter  of  Duke 
Maximilian  Josef  of  Bavaria,  and  married  her 
cousin,  the  Emperor  Franz  Josef,  on  24  April 
1854.  Together  they  were  crowned  with  the 
insignia  of  Saint  Stephen  when  the  inaugura- 
tion of  the  dual  system  was  solemnized.  She 
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was  greatly  admired  by  Austrians  and  Hun- 
garians alike.  While  visiting  Geneva,  Switzer- 
land, she  was  assassinated  by  an  Italian  anar- 
chist. Consult  Friedmann,  'Kaiserin  Eliza- 
beth' (Berlin  1898). 

ELIZABETH,  Madame  (Elisabeth 
Philippine  Marie  Helene),  French  princess: 
b.  Versailles,  3  May  1764;  d.  Paris,  10  May  1794. 
She  was  a  sister  of  Louis  XVI.  She  was  the 
faithful  friend  and  companion  of  the  royal 
family  in  their  flight  to  Varcnnes,  and  during 
their  imprisonment  was  executed,'  on  the  pre- 
tense of  corresponding  with  her  other  brothers, 
afterward  Louis  XVIII  and  Charles  X. 

ELIZABETH,    Pauline    Ottilie  Luise, 

dowager  queen  of  Rumania  (pseudonym  "Cab- 
men Sylva"):  b.  Neuwied,  29  Dec.  1843;  d. 
Bucharest,  2  March  1916.  Her  father  was 
Prince  Hermann  of  Wicd  and  her  mother, 
Princess  Marie  of  Nassau.  She  married 
Charles  of  Rumania,  15  Nov.  1869.  She  was 
the  patroness  of  arts  and  letters  in  Rumania, 
did  much  to  promote  native  artistic  industries 
and  founded  several  charitable  institutions. 
She  is  well  known  as  a  writer  over  the  signa- 
ture "Carmen  Sylva*  her  works  including 
'Sappho'  (1880);  'Hammerstcin'  (1880); 
'Sturme*  (1881);  'Leidens  Erdengang* 
'Sorrow  on  Earth')  (1882);  'Lcs  pensees 
'unc  reine'  (1882);  'Pelesch  Marchen* 
(1883);  <Lc  pic  aux  regrets'  (1884);  'Es 
klopft'  (1887).  She  was  very  much  interested 
in  collections  of  Rumanian  legend  and  folk- 
lore. In  English  she  wrote  'Pilgrim  Sorrow,1 
'A  Real  Queen's  Fairy  Tales'  and  'From 
Memory's  Shrine.*  In  1882  she  became  a  mem- 
ber of  the  Academy  of  Science  at  Bucharest 
and  in  1914  an  honorary  Fellow  of  the  Royal 
Society  of  Literature  of  the  United  Kingdom. 

ELIZABETH,  Saint,  of  Hungary,  daughter 
of  Andrew  II,  king  of  Hungary,  and  Gertrude, 
daughter  of  the  Duke  of  Carinthia:  b.  Presburg 
1207;  d.  Marburg,  19  Nov.  1231.  Early  in  life 
she  displayed  a  dislike  for  things  worldly,  as 
the  pomp  with  which  she  was  surrounded,  am- 
bition, avaVice  and  vain  pleasures,  and  began 
to  cultivate  humility,  piety  and  great  charity. 
According  to  the  custom  of  the  times,  when  she 
was  only  four  years  old  she  was  betrothed  by 
her  parents  to  Louis,  the  son  of  the  Landgrave 
of  Thuringia,  who  was  about  her  own  age. 
When  Elizabeth  was  14  years  old  they  were 
married.  Her  husband  admired  his  wife's 
piety  and  approved  her  great  charity,  especially 
during  the  famine  in  Germany  in  1225,  al- 
though members  of  his  own  family  severely 
censured  her.  She  founded  hospitals  in  Mar- 
burg and  other  places  within  her  husband's 
dominion.  (Louis'  father  died  the  year  after 
the  betrothal,  and  he  was  the  landgrave  when 
he  married  Elizabeth).  In  1227  Louis  left 
home  with  Frederick  Barbarossa  to  engage  in 
the  war  for  Palestine;  but  before  reaching  the 
Holy  Land  Louis  died  from  fever.  Great  mis- 
fortunes soon  befell  Elizabeth.  She  was  de- 
prived of  her  regency  by  the  brother  of  her 
deceased  husband  and  driven  out  of  her  do- 
minion on  the  plea  that  she  wasted  the  treasures 
of  the  state  by  her  charities.  The  inhabitants 
of  Marburg,  whose  miseries  she  had  frequently 
relieved,  refused  her  any  asylum,  for  fear  of 
the  new  regent.  At  last  she  found  refuge  in 
the  monastery  of  Kitzingcn,  where  her  aunt 
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was  abbess,  and  later  witb  her  uncle,  bishop  of 
Bamberg,  and  when  the  warriors  who  had  at- 
tended her  husband  in  the  Crusade  returned 
from  the  East  with  his  body,  she  gathered 
them  around  her,  and  recounted  her  sufferings 
and  the  wrongs  done  to  her  three  children. 
Steps  were  taken  to  restore  to  her  her  sovereign 
rights.  She  declined  the  regency,  however,  and 
would  accept  only  the  revenues  which  accrued 
to  her  as  landgravine.  The  remainder  of  her 
days  were  devoted  to  almsgiving,  mortifications 
and  prayer..  She  became  a  member  of  the 
Third  Order  of  Saint  Francis,  and  in  pictures 
she  is  often  represented  clothed  in  the  Francis- 
can habit.  She  was  canonized  by  Gregory  IX 
four  years  after  her  death.  Consult  Montalem- 
bert,  'Life  of  Saint  Elizabeth  of  Hungary* 
(trans,  into  English  by  F.  D.  Hoyt  1904)  ; 
Starr,  'Patron  Saints';  Butler,  'Lives  of 
Saints';  Bonaventure,  'Sermon  on  Saint  Eliz- 
abeth'; Theodoric  and  Montague  of  Spire. 
There  arc  extant  manuscripts  on  her  life,  by 
contemporaries,  Conrad  of  Marburg,  Siegfried 
of  Mcntz,  and  others. 

ELIZABETH  Farnese,  far-na'ze,  queen 
of  Spain:  b.  25  Oct.  1692;  d.  1766.  She  wa*  a 
daughter  of  Edward  II,  Prince  of  Parma.  On 
becoming  the  second  wife  of  Philip  V  she  sur- 
prised those  who  had  counseled  the  marriage  by 
assuming  the  practical  headship  of  the  king- 
dom ;  her  ambition  to  place  her  sons  Carlos  and 
Philip  in  power  over  principalities  in  Italy  and 
the  aggressive  policies  of  her  Minister,  Albe- 
roni.  disturbed  the  whole  of  Europe. 

ELIZABETH  PETROWNA,  empress  of 
Russia:  h.  29  Dec.  1709;  d.  5  Jan.  1762.  She 
was  the  daughter  of  Peter  the  Great  and  Cath- 
arine, and  ascended  the  throne  on  7  Dec.  1741, 
as  the  result  of  a  conspiracy,  in  which  Ivan  VI, 
a  minor,  who  had  reigned  only  one  year,  was 
deposed  Elizabeth  is  said  to  have  rivaled  her 
mother  in  beauty  and  to  have  surpassed  her  in 
her  love  of  pleasure.  Her  reign  was  stained 
both  by  her  unbridled  licentiousness  and  the 
tyranny  of  her  government,  which  was  con- 
ducted by  favorites.  Banishment  to  the  mines 
of  Siberia  and  imprisonment  in  dungeons  were 
awarded  for  the  slightest  political  offenses. 
She  was  a  patron  of  literature  and  corresponded 
with  Voltaire,  to  whom  she  supplied  materials 
for  his  'Life  of  Peter  the  Great.'  She  also 
founded  the  University  of  Moscow  and  the 
Academy  of  Fine  Arts  of  Saint  Petersburg. 
Elizabeth  sent  an  army,  in  1748,  to  assist  Maria 
Theresa  in  the  war  of  the  Succession,  which 
contributed  to  bring  about  the  Peace  of  Aix-la- 
Chapelle ;  and  she  joined  in  the  Seven  Years' 
War  against  Prussia.  Consult  Bain,  'The 
Daughter  of  Peter  the  Great*  (London  1899). 

ELIZABETH  STUART,  queen  of  Bo- 
hemia: b.  Falkland  Palace,  Fifeshirc,  16  Aug. 
15%;  d.  London,  13  Feb.  1662.  She  was  a 
daughter  of  James  I  of  England  and  was  mar- 
ried to  the  Palatine  Frederick  at  Whitehall,  14 
Feb.  1613.  Her  husband  was  then  at  the  head 
of  the  Protestant  interest  in  Germany,  and  in 
1619  he  accepted  the  crown  of  Bohemia  offered 
to  him  by  the  revolted  Protestants  of  that 
country.  This  he  was  only  able  to  retain  for  a 
very  short  period;  and  after  his  defeat  by  the 
Imperialists  at  the  battle  of  Prague  in  1620,  he 
and  his  wife  were  obliged  to  flee,  first  to  Bres- 


lau  and  Berlin,  and  then  to  The  Hague.  Eliza- 
beth had  13  children,  several  of  whom  died 
early.  Charles  Louis,  the  eldest  surviving,  was 
reinstated  in  the  palatine  by  the  Treaty  of 
Westphalia  in  1648.  His  daughter.  Eliza- 
beth Charlotte,  was  the  second  wife  of  Philip, 
Duke  of  Orleans,  brother  of  Louis  XJV.  Her 
descendants  were  excluded  by  their  Catholicism 
from  the  crown  of  England,  but  one  of  them 
was  regent  of  France  during  the  minority  of 
Louis  XV;  and  another,  Louis  Philippe, 
ascended  the  throne  after  the  revolution  of 
1830.  Her  sons,  Princes  Rupert  and  Maurice, 
distinguished  themselves  in  the  civil  war  in 
England.  Her  daughter.  Sophia,  married  into 
the  house  of  Brunswick,  became  electrcss  of 
Hanover  and  mother  of  George  I.  Elizabeth 
Stuart's  cause  was  extremely  popular  with  the 
English  nation  and  after  her  husband  was  de- 
prived of  the  crown  of  Bohemia  she  still  re- 
tained among  them  the  endearing  epithet  of 
"Queen  of  Hearts.*  She  returned  to  England 
at  the  Restoration  with  her  nephew,  Charles  II. 
Consult  Green,  Mrs.  E.,  'Lives  of  the  Prin- 
cesses of  England'  (London  1854). 

ELIZABETH  OF  VALOIS.  val-wa'.  or 
ISABELLA,  Queen  of  Spain :  b.  Fontainebleau. 
France.  22  Nov.  1545;  d.  Madrid,  3  Oct  1568 
She  was  a  daughter  of  Henry  II,  of  France, 
and  Catherine  de  Medici.  She  was  destined  to 
be  the  wife  of  the  infante,  Don  Carlos,  but  bis 
father,  Philip  II.  being  left  a  widower,  became 
fascinated  and  married  her  himself.  The  story 
of  a  romantic  relationship  between  Elizabctb 
and  Don  Carlos  has  furnished  tragic  subjects 
to  Olway,  Campistron,  Chenier,  Schiller  xai 
Alfieri. 

ELIZABETH,  N.  J.,  city,  county-seat  oi 
Union  County,  on  Newark  Bay  and  the  Arthur 
Kill,  and  on  the  Pennsylvania.  Lehigh  Valley. 
Baltimore  and  Ohio,  Philadelphia  and  Reading 
and  New  Jersey  Central  railroads,  14  miles 
southwest  of  New  York.  Elizabeth  has  a  good 
harbor  admitting  vessels  of  25  feet  draught. 
Coal  and  iron  reach  tidewater  here  from  the 
Pennsylvania  fields  and  are  transshipped  here 
The  city  has  steamer  communication  with  Nov 
York  and  is  the  residence  of  many  who  com- 
mute daily  to  the  latter  city.  It  has  many  fine 
homes  and  wide  streets,  well  paved.  The  chief 
articles  manufactured  are  sewing-machine; 
(one  of  the  shops  of  the  Singer  Manufacturing 
Company,  employing  about  10,000  people,  being 
located  here),  oilcloth,  hats,  saws,  mill-ma- 
chinery, stoves,  hardware,  edge-tools,  harness, 
cordage,  combs,  leather  and  rubber  works,  oil 
refineries,  foundries,  chemical  works,  ship  build- 
ing plants,  wire  and  cable,  tools,  electromotors, 
castings  and  bronze  powder.  The  United  States 
Census  of  Manufactures  for  1914  showed 
within  the  city  limits  184  industrial  establish- 
ments of  factory'  grade,  employing  14,297  per- 
sons, 12,871  being  wage  earners,  receiving 
$8,198,000  annually  in  wages.  The  capital  in- 
vested aggregated  $31,037,000  and  the  year's 
output  was  valued  at  $31,228,000:  of  this,  $14,- 
921,000  was  the  value  added  by  manufacture. 
The  shops  of  the  Central  Railroad,  employing 
about  1,000  hands,  and  the  Crescent  Steel  Works 
and  shipyard  are  located  here.  There  arc  three 
banks,  one  savings  bank  and  a  trust  companv 
with  a  combined  capitalization  of  $700,(100  and 
deposits  of  $7,154,000.  and  building  and  loan 
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associations.  Among  public  institutions  are  the 
Alexian  Brothers'  Hospital,  General  Hospital, 
Saint  Elizabeth  Hospital,  Orphan  Asylum,  Old 
Ladies  Home  and  Public  Library.  The  educa- 
tional institutions  include  the  Bat  tin  and  Pingry 
high  schools,  the  Vail-Deane  School,  a  business 
college  and  11  public  schools.  The  city  has 
electric  lights  and  street  railways,  many  hand- 
some churches  and  coutains  an  old  tavern  where 
Washington  stopped  on  his  way  to  New  York 
for  his  inauguration.  Gen.  Winficld  Scott's 
home  the  Boudinot  House  and  the  old  Living- 
ston Mansion  are  located  here.  It  was  settled 
in  1664  as  Elizabcthtown  and  four  years  later 
the  first  General  Assembly  of  New  Jersey  met 
here.  For  two  years  alter  1755  it  was  the 
capital  of  the  Colony  of  New  Jersey.  During 
the  Revolution  it  suffered  from  its  position  be- 
tween the  contending  forces.  In  1789  it  was 
chartered  as  a  borough,  as  a  town  in  1796,  and 
as  a  city  in  1855.  Its  revenue  averages  about 
$2,250,000.  In  1746  the  college  of  New  Jersey 
(now  Princeton)  was  established  here.  Among 
its  early  citizens  were  the  great  rivals  Alex- 
ander Hamilton  and  Aaron  Burr.  There  arc 
many  fine  types  of  architecture  of  the  Revolu- 
tionary period  still  standing.  Pop.  82,411. 
Consult  Hctfield,  "History  of  Elizabeth4  (New 
York  1868). 

ELIZABETH.  Cape.  See  Cape  Eliza- 
beth. 

ELIZABETH  CITY,  N.  C,  town,  county- 
seat  of  Pasquotank  County,  on  the  Pasquotank 
River  and  the  Norfolk  and  Southern  and  the 
Virginia  and  Carolina  Coast  railroads,  about 
145  miles  northeast  of  Raleigh.  A  State  normal 
school  and  United  States  custom-house  arc  lo- 
cated here.  The  town  has  a  good  trade  in  the 
produce  of  the  neighboring  truck  farms,  also  in 
cotton,  fish  and  oysters.  The  region  about  is 
adapted  for  agriculture,  lumbering  and  cotton 
raising.  The  manufactures  of  the  town  are 
varied,  including  cotton,  saw-  and  planing-mills, 
shipbuilding,  brick  yards,  carriage  and  wagon 
factories,  shingle  factories,  hosiery  mills,  flour 
and  grist-mills,  ironworks,  machine-shops,  bar- 
rels and  baskets,  boxes,  etc.  The  town  was 
founded  in  1793  and  now  has  a  government 
consisting  of  a  mayor,  elected  every  two 
years,  a  board  of  aldermen  and  a  board  of  con- 
trol. A  naval  victory  was  gained  here  by  the 
Federals,  10  Feb.  1862.    Pop.  9,292. 

ELIZABETH  ISLANDS,  Mass.,  group  of 
16  in  number,  forming  the  town  of  Gosnold,  in 
Dukes  County.  They  arc  situated  between 
Vineyard  Sound  and  Buzzards  Bay;  area,  14 
square  miles.  In  1602  the  first  New  England 
settlement  was  made  on  one  of  these  islands, 
Buttyhunk,  by  Bartholomew  Gosnold;  but  after 
a  residence  of  a  few  weeks  it  was  abandoned 
and  Gosnold  returned  to  England  (see  G<>SNO!.n. 
Bartholomew).  The  climate  is  healthful  and 
the  islands  are  popular  with  anglers  and  as  a 
vacation  resort.  Naushon  and  Nashawcna  arc 
the  largest  of  the  group,  which  in  1864  were 
incorporated  as  the  town  of  Gosnold.  Pop. 
164. 

ELIZABETHAN  ARCHITECTURE,  a 

style  of  architecture,  which  began  to  prevail  in 
England  during  the  reigns  of  Elizabeth  and 
James  I.  It  was  a  mixture  of  inferior  Gothic 
with  debased  Italian,  often  very  picturesque. 


but  without  purity  and  unity  of  design.  It  was 
characterized  by  deeply  embayed  windows,  gal- 
leries of  great  length,  very  tall  and  elaborate 
chimneys,  strap  work  in  the  parapets  and  win- 
dow-heads, and  many  dormented  details  of 
surface-carving  characteristic  of  the  bizarre  in- 
fluence of  the  combined  Renaissance  forms 
from  Germany  and  Holland.  The  names  of 
Holbein  and  John  of  Padua  are  associated  with 
this  style  of  architecture  in  which  they  had 
hoped  to  revive  classic  models.  The  mansions 
erected  for  the  nobility  during  the  reigns  of 
Elizabeth  and  James  I  are  examples  of  this 
style  of  architecture,  particularly  the  palace 
erected  in  the  mixed  style  for  Protector  Somer- 
set by  John  of  Padua  and  the  mansion  of  Long- 
Icat  for  his  secretary,  Sir  John  Thynne.  Others 
which  may  still  be  seen  near  London  and  which 
represent  the  architecture  of  the  17th  century 
arc:  '  Knowle,  belonging  to  the  Duke  of  Dor- 
set, the  Marquis  of  Salisbury's  at  Hatfield,  Hol- 
land House,  Campdcn  House  in  Surrey,  Brams- 
hill  in  Kent,  Sir  T.  Willow's  at  Charlton,  Bur- 
ton Agnes,  Blickling,  Montacute,  Audlcy  End, 
Mogus  Park,  Aston,  etc.  This  style  was  suc- 
ceeded by  the  Jacobean  in  which  Gothic  details 
disappeared.  The  greatest  architects  of  the 
Elizabethan  period  were  Gerard  Chrismas, 
John  Thorpe,  Thomas  Holt  and  Rodolph  Sy- 
monds.  Consult  Gotch  and  Brown,  'Archi- 
tecture of  the  Renaissance  in  England'  (Ixm- 
don  1894)  ;  Richardson,  'Architectural  Remains 
of  the  Reigns  of  Elizabeth  and  James  I»  (ib. 
1840);  Blomficld,  'History  of  Renaissance 
Architecture  in  England'  (ib.  1897). 

ELIZABETHTOWN,  Ky.,  city,  county- 
seat  of  Hardin  County,  on  the  Louisville  and 
Nashville  and  the  Illinois  Central  railroads, 
about  40  miles  south  of  Louisville.  The  city 
is  the  centre  of  the  trade  in  asphalt  for  which 
the  county  is  noted.  It  has  flouring  mills,  stave 
and  overall  factories,  and  dairying  interests, 
and  carries  on  a  considerable  trade  in  live  stock, 
grain,  flour,  fruit,  brick  and  tobacco.  It  has 
municipal  waterworks.    Pop.  1,970. 

ELIZA  VETPOL,  e-le-za-vct-pol.  or 
YELIZA VETPOL.  Russia,  (1)  government  of 
Transcaucasia,  Asiatic  Russia;  area  16,991 
square  miles;  pop.  1,098,000,  of  whom  about 
60  per  cent  are  Azerbaijan  Tartars,  30 
per  cent  Armenians  and  the  balance  Kurds, 
Russians,  etc.  It  is  bounded  on  the  north  by 
Tiflis,  Dagbeslan  and  Zakataly,  east  by  Baku, 
south  by  Persia  and  west  by  Erivan.  It  be- 
longs partly  to  the  region  of  the  Little  Caucasus 
and  is  partly  covered  with  steppes,  in  the  west 
consisting  of  high  mountains  whereas  the  east 
is  more  level.  The  Kur  River  and  several 
smaller  streams  are  the  chief  waterways.  Agri- 
culture is  the  principal  industry,  the  valleys 
being  fertile  and  well  cultivated.  Wine  is  pro- 
duced in  considerable  quantities;  also  cotton, 
the  acreage  in  1914-15  being  142,570  producing 
23,652,500  pounds.  The  rearing  of  live  stock 
is  largely  carried  on  in  the  steppes.  The  moun- 
tain slopes  are  well  wooded  and  there  are  rich 
deposits  of  minerals,  especially  of  copper,  cobalt 
and  iron  ore  which  are  found  and  mined  in 
large  quantities.  The  Transcaucasian  Railway 
crosses  the  government,  which  is  divided  into 
eight  districts,  Elizavetpol.  Zanglztir,  Aresh, 
Jebrail.  Javanshir.  Shusha.  Kazakh  and  Nukha. 
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(2)  A  city  of  the  same  name  is  the  capital  of 
the  government,  located  on  an  affluent  of  the 
Kur  River  about  120  miles  by  rail  southeast 
of  Tiflis.  It  is  situated  in  a  rich  agricultural 
region  and  besides  trading  in  the  agricultural 
products  and  fruit,  the  inhabitants  arc  exten- 
sively engaged  in  the  silk-worm  industry.  The 
city  consists  of  two  sections,  the  old  and  the 
new ;  the  former  is  poorly  built  with  crooked 
streets  and  low-roofed  houses  and  is  occupied 
chiefly  by  Mohammedans;  the  latter  is  well 
built  and  contains  several  handsome  buildings, 
churches,  mosques,  etc.,  and  a  bazaar.  Ancient 
remains  are  found  in  the  vicinity  of  the  city 
and  the  old  Turkish  fortifications  may  still  be 
seen.  The  city  changed  hands  between  Per- 
sians, Arabs  and  Khozars  as  early  as  the  7th 
century,  later  came  into  the  possession  of  the 
Mongols,  Georgians,  Persians  and  Turks,  was 
taken  by  the  Russians  in  17%  and  finally  an- 
nexed to  Russia  in  1813,  receiving  its  name  in 
honor  of  Elizabeth,  daughter  of  Alexander  I. 
In  1826  the  Persians  were  defeated  here.  Pop. 
60.500. 

ELK,  the  name  of  various  deer,  but  origi- 
nally and  properly  belonging  to  the  great,  flat- 
homed  deer  of  northern  Europe  (Alces  mach- 
lis),  of  which  the  American  moose  is  substan- 
tially the  counterpart,  although  regarded  by 
naturalists  as  a  distinct  species.  The  European 
elk  is  now  restricted  to  northern  Russia,  north- 
ern Scandinavia  and  the  wilder  forests  of  east- 
ern Prussia;  but  in  Pleistocene  times  it  had  a 
far  more  southerly  range,  together  with  other 
species  now  extinct.  The  great-antlercd 
"Irish  Elk,"  whose  remains  arc  found  abun- 
dantly in  peat-bogs  and  similar  places  not  only 
in  Ireland  but  in  England  and  on  the  Continent, 
is  not  a  true  elk  (Alces),  but  a  deer  of  the 
genus  Cervus  related  more  nearly  to  our 
wapiti,  despite  the  palmation  of  its  horns.  See 
Moose. 

The  American  deer  called  elk,  by  the  igno- 
rance or  carelessness  of  early  colonists,  is  the 
large,  round-horned  stag,  related  not  to  the  true 
elk  but  to  the  red  deer  of  Europe,  and  the 
white-tailed  and  other  deer  of  this  country,  and 
would  better  be  called,  as  commonly  nowadays 
by  its  Indian  name  Wapiti.  Sec  Wapiti;  Deer. 
ELKESAITES.  See  Elcesaites 
ELKHART,  Ind.,  city  in  Elkhart  County, 
at  the  confluence  of  the  Saint  Joseph  and  Elk- 
hart Rivers,  and  on  the  Cleveland,  Cincinnati, 
Chicago  and  Saint  Louis,  the  Lake  Shore 
and  Michigan  Southern  and  other  railroads, 
101  miles  east  of  Chicago.  It  is  a  railroad 
centre  and  shipping  point  for  a  large  agricul- 
tural region.  The  rivers  afford  excellent  water 
power.  A  large  dam  and  power-house,  erected 
in  1913  at  a  cost  of  $750,000,  furnishes  abun- 
dant power  for  its  industries,  which  include  rail- 
road shops,  musical  instrument  factories,  auto- 
mobile works,  bridge  and  iron  works,  and  es- 
tablishments for  the  manufacture  of  carriages, 
invalid  tables,  machinery,  gocarts.  corsets,  tele- 
phone supplies,  furniture,  brass  sundries,  gas 
generators,  paper  boxes,  rubber  and  paper. 
The  United  States  census  of  manufactures 
for  1914  showed  within  the  city  limits  105  in- 
dustrial establishments  of  factory  grade,  em- 
ploying 3.815  persons;  2,993  being  wage  earners, 
receiving  annually  $4,382,000  in  wages,  The 
capital  invested  aggregated  $9,511,000,  and  the 


year's  output  was  valued  at  $8,649,000:  of  this, 
$4,267,000  was  the  value  added  by  manufacture. 
The  city  has  a  Carnegie  library  and  a  fine  high 
school  building.  Elkhart  is  the  scat  of  Elkhart 
Institute  and  has  public  schools,  business  col- 
leges, daily  and  weekly  newspapers,  gas  and 
electric  lights,  electric  railways,  waterworks  and 
two  national  banks.  The  control  of  the  govern- 
ment is  vested  almost  entirely  in  the  mayor  and 
there  is  a  city  council.    Pop.  21,028. 

ELKHORN,  a  river  in  Nebraska  formed 
by  the  junction,  in  Madison  County,  of  the 
North  Fork,  which  has  its  rise  in  Brown 
County,  and  the  South  Fork,  which  rises  in 
Knox  County.  The  general  course  is  south- 
east, 260  miles,  when  it  flows  into  the  Platte 
River.    Logan  Creek  is  the  largest  tributary 

ELKIN,  William  Lewis,  Amcri:an  astron- 
omer: b.  New  Orleans,  29  April  1855.  He  was 
educated  at  the  Royal  Polytechnic  School  in 
Stuttgart,  Germany,  and  was  graduated  in  1880 
at  the  University  of  Strassburg.  He  then  went 
to  the  Cape  of  Good  Hope  on  the  invitation  of 
Sir  David  Gill,  English  astronomer  there,  and 
look  part  with  him  in  observations  with  the 
heliometcr  for  the  determination  of  stellar 
parallax,  these  determinations  being  the  most 
accurate  of  the  kind  ever  made  up  to  that  time 
He  became  astronomer  in  1884  and  director  in 
1896  of  the  Yale  College  observatory.  His 
work  there  was  mainly  in  the  lines  of  determi- 
nations of  stellar  parallax,  the  solar  parallax 
from  asteroids  and  the  photography  of  meteor 
trails. 

ELKINS,  Stephen  Benton,  American  pol 
itician:  b.  Perry  County,  Ohio,  26  Sept  lfUI; 
d.  4  Ian.  1911.  He  removed  to  Missouri  when 
a  child;  was  graduated  at  the  University  oi 
Missouri  in  1860;  and  admitted  to  the  bar  in 
1864.  During  the  latter  year  he  went  to  New 
Mexico,  where  he  was  a  member  of  the  Terri- 
torial legislature  in  1864-65;  and  the  Territorial 
delegate  in  Congress  in  1873-77.  Subsequently 
he  removed  to  West  Virginia  where  he  ac- 
quired large  business  interests.  He  married 
trie  daughter  of  Henry  Ga««away  Davis.  He 
secured  control  of  great  coal  fields  in  West 
Virginia  and  also  became  a  large  stockholder 
in  several  railroads,  serving  also  as  vice-presi- 
dent of  the  West  Virginia  Central  and  Pitts- 
burgh Railroad.  In  1891-93  he  was  Secretin 
of  War  and  in  1894.  1900  and  1907  was  elected 
to  the  United  States  Senate.  The  EJkins  Kail- 
road  Law  of  1903  bore  his  name.  See  Elk  ins 
Act. 

ELKINS,  W.  Va.,  city  and  county-scat  of 
Randolph  County,  on  both  sides  of  the  Tygarts 
Valley  River  and  on  the  West  Virginia  Cin- 
cinnati and  Pennsylvania  (Wabash)  and  its 
branches,  the  Coal  and  Iron  and  the  Coal 
and  Coke  railways,  60  miles  south  of  Graf- 
ton and  130  miles  northwest  of  Charles- 
ton. Elkins  is  in  the  centre  of  vast  timber 
areas,  and  nearby  are  large  deposits  of  coal, 
glass,  sand,  limestone,  potter's  clay  fire  clay 
and  shale  suitable  for  the  manufacture  of 
pressed  brick  and  tiling.  The  industries  include 
railroad  car  and  machine  shops,  brick  works,  ice 
plant,  foundries  and  machine  shops*,  tannery, 
{►oiler  works,  pail  factory,  several  planing  mills, 
etc.  The  principal  streets  arc  paved  with  brick 
or  macadamized  limestone,  and  walks  arc  laid 
with   brick.    The   city   owns  the  waterworks, 
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which  pump  the  water  from  the  Tygarts  \rallcy 
River.  The  streets  are  lighted  by  electricity 
and  natural  gas  is  furnished  for  domestic  and 
manufacturing  purposes.  There  are  a  national 
bank  and  a  trust  company  in  the  city,  with  com- 
bined capital  of  $300,000  and  deposits  of  about 
$1,200,000.  The  city  contains  seven  churches, 
representing  the  leading  denominations.  There 
are  a  graded  public  school  and  a  high  school. 
Ellrins  is  also  the  seat  of  Davis  and  Elkins  Col- 
lege and  has  an  Odd  Fellows  home,  two  hospi- 
tals and  an  orphans'  home.  Under  a  charter 
of  1905  it  is  governed  by  a  mayor,  chosen  annu- 
ally, and  a  unicameral  council.   Pop.  6,000. 

ELKINS  ACT,  a  law  enacted  19  Feb.  1903, 
to  prevent  secret  railroad  rebates  and  discrimi- 
nations. The  acceptance  as  well  as  the  offer 
of  a  rebate  or  unlawful  discrimination  was  a 
violation  of  the  law ;  the  published  rate  was  de- 
clared to  be  the  only  lawful  charge,  and  the 
United  States  Circuit  Courts  were  authorized  to 
enjoin  carriers  to  charge  only  the  published 
rates.  The  penalty  was  not  less  than  $1,000  nor 
more  than  $20,000  for  each  offense,  the  corpo- 
ration as  well  as  the  officer  giving  the  rebate 
receiving  the  penalty.  The  law  was  most 
effective  and  with  slight  changes  was  incorpo- 
rated in  the  Hepburn  Act  (1906)  and  the 
Manra-Elkins  Act  (1910).  See  Differentials 
in  Railroad  Traffic;  Sherman  Anti-Trust 
Act. 

ELKS,  Benevolent  and  Protective  Order 

of,  a  fraternal  association,  founded  in  1868  in 
New  York  from  an  older  social  and  benevolent 
society,  the  Jolly  Corks.  The  grand  lodge  was 
incorporated  10  March  1871.  and  was  composed 
of  past  members  of  New  York  Lodge  No.  1,  the 
premier  regular  association.  In  the  same  year 
it  was  empowered  to  form  branch  lodges. 
Lodges  were  formed  in  Philadelphia,  San  Fran- 
cisco, Chicago,  Cincinnati,  Sacramento,  Balti- 
more, Louisville,  Saint  Louis,  Boston,  Pitts- 
burgh, Indianapolis,  Providence,  Washington 
and  Denver  and  in  every  other  city  of  any 
size  throughout  the  country.  The  order  has 
been  noted  for  the  prompt  assistance  given  its 
members  and  also  its  ready  response  to  .calls 
for  aid  from  the  outside.  In  all  great  calami- 
tics  of  recent  years  it  gave  liberally  of  its  funds 
to  aid  the  needy.  Its  membership  is  close  to 
500.000,  and  its  annual  disbursements  arc  about 
$600,000.  There  are  1,392  lodges,  and  sub- 
ordinate lodges  in  Alaska  and  the  island  pos- 
sessions of  the  United  States.  White  male 
citizens  of  21  years  or  over  and  of  good  char- 
acter arc  eligible  for  membership.  In  anv  city 
there  may  be  but  one  lod^e.  and  the  population 
of  such  citv  must  be  at  least  5.000.  On  the  first 
Sunday  of  December  is  held  a  memorial  service 
for  the  deceased  members  of  the  order.  Prop- 
erty and  cash  to  the  extent  of  over  $11,000,000 
are  owned  by  the  order.  Its  official  organ  is 
the  Elks  Antler,  a  monthly  published  in  New 
York.  Consult  Ellis,  C.  h\.  'Authentic  History 
of  the  Benevolent  and  Protective  Order  of 
Elks>  (Chicago  1910). 

ELKTON,  Md.,  town  and  county-seat  of 
Cecil  County,  50  miles  northeast  of  Baltimore, 
on  the  Philadelphia,  Baltimore  and  Washing- 
ton Railroad  and  on  the  Elk  River.  It  contains 
a  hosiery  mill,  fertilizer  works,  boat  yards,  tex- 
tile mills  and  pulp  mills.  First  settled  in  1681. 
Elkton  was    incorporated    in    1787.    It  has 
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adopted  the  commission  form  of  government. 
Pop.  2,487. 

ELKUS,  Abram  Isaac,  American  lawyer 
and  diplomat:  b.  New  York,  6  Aug.  1867.  He 
was  educated  at  the  College  of  the  City  of  New 
York  and  at  Columbia.  He  has  been  promi- 
nent at  the  New  York  bar  since  1888  and  was 
considered  by  President  Wilson  for  a  place 
on  the  Federal  court  in  New  York.  He  is  one 
of  the  leaders  of  the  American  Jewry  and  has 
frequently  appeared  for  Jewish  immigrants 
who  have  faced  detention  at  Ellis  Island  and 
deportation  because  they  had  less  than  $25  in 
cash  when  they  reached  this  country. 

In  18%  he  became  a  member  of  the  law  firm 
of  James,  Schcll  and  Elkus.  On  the  deaths  of 
his  partners  he  became  senior  member  in  the 
firm  now  known  as  Elkus,  Gleason  &  Pros- 
kaner.  He  has  appeared  in  all  branches  of  his 
profession.  He  was  elected  by  the  United 
States  judges  as  a  special  United  States  attor- 
ney to  prosecute  fraudulent  bankruptcy  cases 
and  met  with  great  success  in  that  work. 

He  acted  as  counsel  for  the  Merchants' 
Association  and  president  of  the  Hebrew 
Technical  School  and  as  trustee  of  the  Baron 
de  Hirsch  Fund  In  July  1916  he  was  nomi- 
nated by  President  Wilson  as  Ambassador  to 
Turkey  to  succeed  Henry  Morgenthau,  who 
had  retired  to  become  chairman  of  the  finance 
committee  of  the  Democratic  national  com- 
mittee. He  is  the  author  of  a  treatise  on 
'Secret  Liens  and  Reputed  Ownership.* 

ELL,  an  old  linear  measure,  originally  de- 
noting the  length  of  the  forearm  and  later  de- 
noting different  lengths.  The  English  ell 
equalled  one  and  one-quarter  yards  (45  inches). 

ELLAGIC  ACID  or  BEZOARIC  ACID, 

CMHtO^  is  separated  from  Oriental  bczoar 
stones  (concretions  found  in  the  stomachs  of 
goats  and  other  animals  which  have  fed  upon 
plants  containing  ellagitannin)  by  dissolving 
them  in  cold  strong  potash,  away  from  the  air. 
passing  a  current  of  carbolic  acid,  collecting  the 
ellagatc  of  potassium,  washing  and  rccrystalliz- 
ing  it,  and  then  liberating  the  cllagic  acid  by 
hydrochloric  acid.  When  crystallized  from 
pyridine  it  forms  prismatic  needles.  After 
washing  these  with  alcohol  cllagic  acid  becomes 
pale  yellow,  tasteless,  crystalline  powder,  insolu- 
ble in  water,  decomposing  at  680°,  at  which 
temperature  it  has  still  refused  to  melt.  With 
the  bases  it  forms  salts,  which  are  not  very 
well  known ;  they  arc  crystalline  and  insoluble 
or  sparingly  soluble  in  water.  The  lead  and 
barium  compounds  are  yellow.  This  acid  can 
be  prepared  synthetically  by  oxidizing  gallic 
acid  with  arsenic  acid.  Though  not  in  itself  a 
tanning  agent  it  is  considered  of  great  value  in 
the  tanning  industry. 

ELLE  ET  LUI  ('She  and  He>)  is  a 
novel  by  George  Sand  which  excited  a  good 
deal  of  comment  and  enjoyed  a  kind  of  celeb- 
rity because  it  was  accepted  as  her  version  of 
her  unfortunate  love  affair  with  Alfred  de 
Musset.  After  the  rupture  which  brought  to 
a  pitiful  end  their  Venetian  adventure  (1834), 
many  bitter  accusations  were  hrought  against 
each  by  the  friends  and  partisans  of  the  other, 
and  neither  hesitated  to  exploit  the  experience 
for  literary  purposes.    George  Sand's  'Lettres 
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d'un  Voyageur,'  written  immediately  afterward, 
already  drew  largely  upon  it  and  echoes  of  it 
arc  frequent  in  the  subsequent  poetry  of  Mus- 
sel (Nuit  de  mai,  Souvenir)  and  in  his  'Con- 
fession d'un  enfant  du  siccle.*  The  appearance 
of  'Elle  ct  Lui>  (1859)  shortly  after  the  poet's 
death  (1857)  revived  the  bitter  memories  and 
recriminations  of  the  affair.  It  was  evidently 
substantially  the  story  of  their  relations,  under 
the  transparent  disguise  of  a  novel,  though 
George  Sand's  intention,  as  she  tells  us  else- 
where, was  not  to  tell  their  story,  but  to  'pre- 
sent, under  the  veil  of  fiction,  a  certain  situ- 
ation in  which  others  than  thev  may  have 
found  themselves.1*  It  provoked  from  Paul  dc 
Musset,  Alfred's  brother,  the  answering  volume, 
<Lui  ct  Elle,'  in  the  poet's  defense.  The  "true 
story"  of  'Elle  ct  Lui'  has  been  told  by  Spocl- 
berch  de  Louvenjoul  ('La  veritable  histoire  de 
Elle  ct  Lui,'  Notes  et  documents,  1897).  The 
original  correspondence  of  George  Sand  and 
Alfred  dc  Musset  has  been  published  by  Felix 
Decori  (1904). 

Arthur  G.  Canfield. 

ELLENBOROUGH,  eTlen-bur-6,  Edward 
Law,  Lord,  English  lawyer:  b.  Great  Salkeld, 
Cumberland,  16  Nov.  1750;  d.  London,  13  Dec. 
1818.  He  was  educated  at  Cambridge,  became 
the  pupil  of  the  celebrated  special  pleader, 
George  Wood,  in  1771,  and  was  called  to  the 
bar  in  1780.  In  1787  he  was  made  a  king's 
counsel.  On  the  trial  of  Warren  Hastings  in 
1788,  Erslcinc  having  refused  to  undertake  the 
defense,  Law  served  as  leading  counsel.  It 
required  no  little  courage  to  encounter  such 
opponents  as  Burke,  Fox,  Sheridan  and  other 
eminent  men  of  the  time,  who  conducted  the 
impeachment.  Law,  as  is  well  known,  obtained 
the  victory.  In  1801  he  was  made  Attorney- 
General  and  in  1802  became  Lord  Chief  Jus- 
tice of  the  king's  bench  and  was  created  baron. 
In  Parliament  he  opposed  the  emancipation  of 
the  Catholics.  Believing  that  the  criminal  laws 
were  not  severe  enough  he  succeeded  in  estab- 
lishing 10  new  capital  felonies  by  the  passage 
of  the  so-called  Ellenborough  Act,  afterward 
repealed  in  toto.  He  held  the  office  of  chief 
justice  for  15  years. 

ELLENBOROUGH,  Edward  Law,  1st 

Eari.  of,  English  statesman:  b.  8  Sept.  1790; 
d.  near  Cheltenham,  22  Dec.  1871.  He  was 
educated  at  Eton  and  Cambridge ;  entered  Par- 
liament as  representative  of  Saint  Michael's  in 
1814,  and  in  1818  succeeded  his  father  as 
2d  baron  and  entered  the  House  of  Lords 
He  was  Lord  Privy  Seal  in  1828,  and  in  1841 
accepted  the  governor-generalship  of  India.  He 
arrived  in  Calcutta  in  time  to  take  control  of 
the  Afghan  war,  which  was  brought  to  a  suc- 
cessful issue.  Scindc  was  conquered  by  Sir 
Charles  Napier  and  annexed  in  1843.  Tbis  was 
followed  by  the  conquest  of  Gwalior.  The 
conduct  of  the  governor-general,  however,  gave 
great  dissatisfaction  at  home.  He  was  conse- 
quently recalled  by  the  East  India  Company 
early  in  1844.  Under  Lord  Derby's  govern- 
ment in  1858  he  held  the  office  of  President  of 
the  Board  of  Control  from  February  to  June, 
during  which  he  wrote  a  dispatch  censuring 
the  policy  of  Lord  Canning  as  governor-gen- 
eral of  India,  which  caused  much  discussion 
and  led  him  to  resign  his  office. 


ELLENVILLE,  N.  Y.,  village  of  Ulster 
County,  at  the  foot  of  Shawagunk  Mountain, 
on  the  main  line  and  on  the  Ellenville  and 
Kingston  division  of  the  New  York,  Ontario 
and  Western  Railroad,  18  miles  north  of  Mid- 
dletown.  The  first  house  was  built  in  1805, 
a  post  office  established  in  1823  and  the  village 
incorporated  in  1856.  It  has  several  denomi- 
national churches,  a  high  school  and  other  edu- 
cational establishments,  two  national  and  one 
savings  banks,  and  its  industries  include  zinc 
mining,  manufactures  of  cutlery,  paints,  hand- 
kerchiefs and  shirt  waists,  overalls,  artificial 
stone,  and  wooden  wares,  employing  about  300 
operatives.  Ellenville  is  a  popular  summer  re- 
sort. It  has  finely  shaded  streets  and  is  near 
several  places  of  interest,  including  Mount 
Mecnahga,  the  Ice  Caves,  Sun  Uay  Spring  and 
many  beautiful  waterfalls.  The  village  owns 
its  waterworks.    Pop.  3,114. 

ELLER,  Johann  Theodor,  German  chem- 
ist:  b.  Pldtikau,  in  Anhalt-Bcrnburg,  29  Nov. 
1689;  d.  Berlin,  13  Sept.  1760.  In  1721  he  was 
appointed  Anhalt-Bcrnburg  physician;  in  1724, 
professor  of  anatomy  in  Berlin;  in  1735,  physi- 
cian to  Frederick  the  Great;  in  1755,  privy 
councillor  and  director  of  the  physical  class  of 
the  Academy  of  Sciences.  His  papers  were 
published  in  the  'Memoirs  of  the  Berlin  Acad- 
emy, >  and  among  them  is  a  long  and  interesting 
review  of  the  opinions  held  respecting  the  ele- 
ments from  the  earliest  times  down  to  his  own 
day.  He  also  published  a  series  of  curious 
microscopic  observations  upon  the  change  of 
blood  corpuscles  by  the  addition  of  different 
salts,  tinctures  of  plants  and  other  solutions. 
Ellcr  was  undoubtedly  a  man  of  great  learning 
and  abilities,  but  his  writings  do  not  indicate 
a  high  degree  of  originality. 

ELLERIANS,  a  sect  of  fanatics  which 
arose  in  1726,  and  had  for  its  founder  Elias 
Eller,  a  ribbon-weaver,  who  was  born  in  1690 
at  Ronsdorf  in  Berg.  He  was  influenced  in  his 
religious  beliefs  by  reading  the  works  of  Jacob 
Bohme,  and  other  mystical  writings.  The  sect 
committed  great  excesses,  and  became  very 
numerous.    See  Bohme,  Jacob. 

ELLERY,  William,  American  patriot:  b. 
Newport,  R.  I.,  22  Dec.  1727;  d.  there.  15  Feb. 
1820.  He  sat  in  the  Congress  of  1776.  and  was 
one  of  the  signers  of  the  Declaration  of  Inde- 
pendence. He  became  Chief  Justice  of  Rhode 
Island  in  1785  and  in  the  following  year  com- 
missioner of  the  Continental  Loan  Office  for 
Rhode  Island.  From  1790  till  his  death,  he  re- 
tained the  office  of  collector  in  his  native  place. 

ELLESMERE  LAND,  the  most  northern 
region  of  the  continent  of  North  America,  dis- 
covered by  Baffin  in  1616.  The  western  part  of 
this  region  was  explored  and  mapped  by  Otto 
Sverdrup  (q.v.)  in  1899.  Ellesmere  Land  is  a 
high  plateau,  without  human  inhabitants;  a  few 
reindeer,  musk-oxen  and  wolves  find  suste- 
nance there.  It  is  separated  from  Greenland 
by  Smith  Sound.  Consult  Svcrdrup's  account 
of  his  discoveries:  'Four  Years  in  the  Arctic 
Region'  (2  vols.,  New  York  1904). 

ELLET,  Charles,  American  engineer:  b. 
Pcnn's  Manor,  Bucks  County,  Pa.,  1  Jan.  1810; 
d.  Cairo.  Ill ,  21  June  1862.  He  was  educated 
at  the  Polytechnic  School  in  Paris,  and  on  his 
return  to  America  held  various  responsible  cn- 
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gineering  posts.  He  built  at  Fairmount,  Phila- 
delphia, the  first  wire  suspension  bridge  in  the 
United  States,  and  in  1845  built  at  Niagara 
below  the  Falls  a  suspension  bridge  adapted 
for  railway  purposes.  He  constructed  also  the 
railway  suspension  bridge  at  Wheeling,  W.  Va., 
which  is  owned  by  the  Baltimore  and  Ohio 
Railroad.  In  the  Civil  War  he  became  colonel 
in  the  engineering  corps  and  equipped  nine 
Mississippi  River  steamboats  as  rams,  and  with 
them  defeated  a  fleet  of  Confederate  rams,  but 
died  of  wounds  on  that  occasion. 

ELLET,  Elisabeth  Fries  Lummis,  Ameri- 
can prose  writer:  b.  Sodus  Point,  N.  Y.,  Octo- 
ber 1818;  d.  New  York,  3  June  1877.  She  was 
popular  in  her  day,  and  among  her  books  are  a 
translation  of  Silvio  Pellicos  'Euphemia  of 
Messina*  (1834);  <  Poems,  Original  and  Se- 
lected' (1835);  'Characters  of  Schiller' 
(1842)  ;  'Pioneer  Women  of  the  West'  (1852) ; 
'Novelettes  of  the  Musicians'  (1852)  ;  'Queens 
of  American  Society'  (1867);  'Court  Circles 
of  the  Republic,'  with  Mrs.  R.  E  Mack  (1869) ; 
'The  Practical  Housekeeper';  'Evenings  at 
Woodlawn';  'Women  Artists  in  All  Ages.' 

ELLICE,  eHs,  or  LAGOON  ISLANDS, 
a  group  of  coral  islands,  situated  north  of  the 
Fiji  and  northwest  of  the  Samoan  group  be- 
tween lat.  5°  and  11*  S.  and  long.  176°  and  180° 
E  They  extend  for  360  miles  in  the  direction 
northwest  to  southeast,  and  form  nine  groups, 
the  largest  islands  being  Sophia  or  Rocky 
Island,  Nukulailai  or  Mitchell,  Ellicc,  Nukufc- 
tau,  Vaitupu,  Netherland  and  Lynx.  The  in- 
habitants almost  all  speak  a  Samoan  dialect, 
and  have  traditions  of  a  migration  from  the 
Samoan  Islands.  They  have  long  been  Chris- 
tianized, and  reading  and  writing  arc  general. 
The  islands  are  of  coral  formation.  Guano, 
jims,  fruit,  coconuts  and  copra  are  the  chief 
products.  They  were  discovered  in  1781  by 
Maurelle,  and  were  annexed  by  Great  Britain 
in  1892.    Area,  15  square  miles.   Pop.  3,084 

ELLICHPUR,  el-ich-poor',  India,  town  in 
Amraoti  district,  Berar,  on  the  Bichan,  32  miles 
northwest  of  Amraoti  and  was  once  large  and 
prosperous.  It  contains  manufactories  of  cot- 
tons and  carpets,  and  is  an  important  trading 
centre  in  lumber.  Imperial  troops  have  a  regu- 
lar station  here.  The  town  contains  many 
interesting  ruins,  including  a  palace  and  several 
fine  tombs.   Pop.  13,909. 

ELLICOTT,  Andrew,  American  astrono- 
mer and  civil  engineer:  b.  Bucks  County,  Pa., 
24  Jan.  1754;  d.  West  Point,  N.  Y.,  28  Aug. 
1820.  His  father  founded  the  town  of  Ellicott's 
Mills,  Md.,  where  the  younger  days  of  his 
son  Andrew  were  devoted  to  the  study  of  the 
sciences  and  practical  mechanics.  The  latter's 
scientific  attainments  early  attracted  public  at- 
tention, and  from  the  Revolution  to  the  day 
of  his  death  he  was  employed  in  the  fulfilment 
of  trusts  conferred  by  the  general  or  State  gov- 
ernments. About  1/85  he  removed  to  Balti- 
more, and  represented  the  city  in  the  State 
legislature.  In  1789  he  was  appointed  by  Presi- 
dent Washington  to  survey  the  land  lying  be- 
tween Pennsylvania  and  Lake  Erie,  and  during 
that  year  made  the  first  accurate  measurement 
of  the  Niagara  River  from  lake  to  lake,  with 
the  height  of  the  falls  and  the  fall  of  the  rapids. 
In  1790  he  was  employed  by  the  government  to 


survey  and  lay  out  the  Federal  metropolis.  In 
1792  he  was  made  Surveyor- General  of  the 
United  States,  and  in  1795  superintended  the 
construction  of  Fort  Erie  at  Presque  Isle  (now 
Erie,  Pa.),  and  was  employed  in  laying  out  the 
towns  of  Erie,  Warren  and  Franklin.  In  1796 
he  was  appointed  by  President  Washington 
commissioner  on  behalf  of  the  United  States 
under  the  Treaty  of  San  Lorenzo  el  Real,  to  de- 
termine the  southern  boundary  separating  the 
United  States  territory  from  the  Spanish  pos- 
sessions. The  results  of  this  service,  embracing 
a  period  of  nearly  five  years,  appear  in  his 
'Journal'  (published  1803).  Upon  the  comple- 
tion of  this  service  he  was  appointed  by  Gov- 
ernor McKean  of  Pennsylvania  secretary  of 
the  State  land  office,  the  duties  of  which  he 
performed  to  the  year  1808,  and  in  1812  became 
professor  of  mathemathics  at  West  Point.  In 
1817,  by  order  of  the  government,  he  proceeded 
to  Montreal  to  make  astronomical  observations 
for  carrying  into  effect  some  of  the  articles  of 
the  Treaty  of  Ghent. 

ELLICOTT,  Charles  John,  Anglican  prel- 
ate: b.  Whitwell,  Stamford,  England,  25  April 
1819;  d.  15  Oct.  1905.  He  was  educated  at 
Saint  John's  College,  Cambridge,  and  after  be- 
ing professor  of  divinity  in  King's  College,  Lon- 
don, Hulscan  lecturer  and  prolessor  ot  divin- 
ity at  Cambridge,  and  dean  of  Exeter,  was  ap- 
pointed bishop  of  Gloucester  and  Bristol  in 
1863.  In  1897  the  di  ocese  of  Bristol  was 
separated  from  that  of  Gloucester,  Bishop  Elli- 
cott  remaining  at  the  head  of  the  latter  diocese. 
He  was  for  11  years  chairman  of  the  scholars 
engaged  on  the  revision  of  the  New  Testa- 
ment translation,  and  published  commentaries 
on  the  Old  and  New  Testament,  as  well  as 
'Historical  Lectures  on  the  Life  of  Christ* 
(1860);  'Modern  Unbelief  (1877);  'Some 
Present  Dangers  of  the  Church  of  England' 
(1878);  'The  Revised  Version  of  Holy  Scrip- 
ture' (1901),  which  is  the  best  popular  account 
of  the  work  of  the  revisers,  etc. 

ELLICOTT  CITY,  Md.,  city  and  county- 
seat  of  Howard  County,  on  the  Patapsco  River, 
nine  miles  west  of  Baltimore,  and  on  the  Balti- 
more and  Ohio  Railroad.  Saint  Charles  College 
(R.  C  )  in  charge  of  secular  clergy,  and  Rock 
Hill  College,  in  charge  of  Brothers  of  the 
Christian  Schools,  are  located  here.  It  has 
manufactures  of  flour,  cotton,  silk  and  woolen 
goods.  Founded  in  1772,  Ellicott  City  was  in- 
corporated in  1867. 

ELLIOT,  Arthur  Ralph  Douglas,  English 
lawyer:  b.  17  Dec.  1846.  He  is  second  son  of 
the  3d  Earl  of  Minto,  was  educated  at  Edin- 
burgh University  and  at  Trinity  College,  Cam- 
bridge. From  1880  to  1892  and  from  1898  to 
1906  he  was  a  member  of  Parliament  In  1903 
he  was  Financial  Secretary  to  the  Treasury  and 
from  1895-1912  was  editor  of  the  Edinburgh 
Review.  He  has  published  'Criminal  Pro- 
cedure in  England  and  Scotland'  (1878)  ;  'The 
State  and  the  Church'  (1881;  2d  cd ,  1889); 
'Life  of  the  First  Viscount  Goschen'  (1911). 

ELLIOT,  Benjamin,  American  jurist :  b. 
Charleston.  S.  C,  1786;  d.  1836.  He  was 
graduated  at  Princeton  in  1806,  studied  law, 
was  admitted  to  the  bar  in  1810  and  entered  on 
his  practice  in  his  native  State  of  South  Caro- 
lina.  He  was  the  author  of  numerous  literary. 
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historical  and  political  productions.  Among 
his  works  is  a  'Refutation  of  the  Calumnies 
circulated  against  the  Southern  and  Western 
States  respecting  the  Institution  and  Existence 
of  Slavery*  (1822).  He  also  prepared  and 
published  'The  Militia  System  of  South  Caro- 
lina,' which  was  adopted  as  the  military  code 
for  the  State. 

ELLIOT,  Daniel  Giraud,  American  zoolo- 
gist: b.  New  York,  7  March  1835;  d.  22  Dec. 
1915.  He  made  zoology  a  special  study  from 
his  youth  j  traveled  in  Europe,  Africa  and  parts 
of  Asia  in  1856-78;  subsequently  in  Canada, 
Alaska,  South  America  and  the  greater  part 
of  the  United  States.  He  afterward  became 
curator  of  zoology  in  the  Field  Columbian 
Museum.  He  has  published  'The  Pheasants' 
(1871-72);  'Birds  of  North  America1  (1897); 
•The  Grouse'  (1865):  'Birds  of  Paradise'; 
'Hornbills'  (1877-82);  'North  American 
Shore  Birds'  (1895)  ;  'Gallinaceous  Game  Birds 
of  North  America'  (1897);  'Synopsis  of  the 
Mammals  of  North  America  and  the  Adjacent 
Seas'  (1901);  'A  Review  of  the  Primates' 
(Vols.  I-III,  1913).  He  has  been  decorated  10 
times  by  various  European  governments  for 
his  researches  in  natural  science. 

ELLIOT,  Sir  Gilbert,  Scottish  philoso- 
pher and  poet  :  b.  Tcviotdale,  September  1722; 
d.  Marseilles,  11  Jan.  1777.  His  song  of 
'Amynta'  beginning  "My  sheep  I  neglected.  I 
broke  my  sheep  hook,"  is  famous ;  he  also  wrote 
occasional  philosophical  papers. 

ELLIOTT,  Charles,  American  Methodist 
clergyman :  b.  Glenconway,  County  Donegal, 
Ireland,  16  May  1792;  d.  Mount  Pleasant,  Iowa, 
3  Jan.  1869.  He  came  to  the  United  States  in 
1814  and  became  prominent  in  the  Methodist 
denomination.  He  was  a  professor  of  languages 
at  Madison  College,  Uniontown,  Pa.,  1827-31, 
and  president  of  Iowa  Weslcyan  University 
1856-60  and  1864-67.  He  was  editor  of  The 
Western  Christian  Advocate,  Cincinnati  1836- 
48,  The  Central  Christian  Advocate,  Saint 
Louis  1852-56.  He  published  'Treatise  on 
Baptism'  (1834);  'Delineation of  Roman  Cathol- 
icism' (2  vols.,  1841);  'Life  of  Robert  R. 
Roberts'  (1844);  'Sinfulness  of  American 
Slavery'  (1851);  The  Bible  and  Slavery,'  etc 
His  most  important  book  was  'The  History  of 
the  Great  Secession  from  the  Methodist 
Episcopal  Church  in  the  year  1845.*  'Southwest- 
ern Methodism'  was  edited  by  L.  M.  Vernon 
(1868). 

ELLIOTT,  Charlotte,  English  hvmn- 
writer:  b.  17  March  1789;  d.  Brighton,  22  Sept. 
1871.  She  wrote  a  number  of  religious  poems, 
which  were  published  under  the  titles  'Hymns 
for  a  Week';  'Hours  of  Sorrow';  'Invalids' 
Hymn  Book.'  The  last  collection  included 
'Just  as  I  Am,'  a  hymn  which  is  widely  used, 
and  has  been  translated  in  "almost  every  living 
language." 

ELLIOTT,  Edward  Charles,  American 
educator:  b.  Chicago,  111,  21  Dec.  1874.  He 
was  graduated  at  the  University  of  Nebraska  in 
1895,  studied  also  at  Jena  and  at  Columbia  Uni- 
versity. In  1898-1903  be  was  superintendent  of 
schools  at  Leadville,  Colo,  in  1905-07  associate 
professor,  and  after  1907  professor  of  education 
at  the  University  of  Wisconsin,  where  after 
1909  he  also  served  as  director  of  the  pedagogi- 


cal seminar.  In  1906-10  he  conducted  special 
investigations  for  the  United  States  Bureau  of 
Education,  in  1911-12  for  the  New  York  Board 
of  Education  and  in  1913  for  the  State  of  Ver- 
mont. He  has  published  'Some  Fiscal  Aspects 
of  Public  Education  in  American  Cities'  (1905); 
'State  School  Systems'  (3d  ed,  1910)  ;  'Legis- 
lation upon  Industrial  Education  in  the  United 
States'  (1910);  'City  School  Supervision' 
(1914). 

ELLIOTT,  Jesse  Duncan,  American  naval 
officer:  b.  Maryland  1782;  d.  1845  He  entered 
the  United  States  navy  as  a  midshipman  1804, 
and  in  October  of  1812  won  the  first  American 
naval  success  on  the  lakes,  capturing  two  Brit- 
ish brigs,  the  Detroit  and  the  Caledonia,  near 
Fort  Erie.  He  commanded  the  Niagara,  in  the 
battle  of  Lake  Erie,  September  1813,  being  sec- 
ond in  command  to  Perry,  whom  he  succeeded 
in  October  of  the  same  year  as  commander  of 
the  Lake  Erie  fleet.  In  1815,  during  the  war 
against  Algiers,  he  was  in  command  of  the 
sloop  of  war  Ontario,  under  Decatur,  being  ap- 
pointed captain  in  1818.  He  was  court- 
martialed  and  suspended  for  four  years,  after 
his  service  in  the  Mediterranean  squadron.  He 
resumed  his  duties  in  1843  and  was  given  charge 
of  the  Philadelphia  navy  yard. 

ELLIOTT,  Maud  Howe,  American  novel- 
ist :  b.  Boston,  Mass,  9  Nov.  1854.  She  is  a 
daughter  of  Julia  Ward  Howe  (q.v.),  and  was 
married  to  John  Elliott,  an  artist,  in  1887.  Her 
writings  include  'A  Newport  Aquarelle' 
(1883);  'The  San  Rosario  Ranch*  (1884); 
'Atlanta  in  the  South'  (1886);  'Mammon' 
(1888);  'Honor';  and  'Phyilida'  (1903); 
'Roma  Beata'  (1904)  ;  'Two  in  Italy'  (1905); 
'Sun  and  Shadow  in  Spain'  (1908)  ;  'Sicily  in 
Shadow  and  in  Sun'  (1910)  ;  'The  Eleventh 
Hour  in  the  Life  of  Julia  Ward  Howe'  (1911); 
'Life  and  Letters  with  Julia  Ward  Howe,' 
with  Laura  E.  Richards  (1915). 

ELLIOTT,  Maxine,  American  actress:  b 
Rockland,  Me,  5  Feb.  1873,  daughter  of 
Thomas  and  Adelaide  Dermot.  Making  her 
debut  with  E  S.  Willard,  she  played  Felicia 
Umfraville  in  'The  Middleman'  (1890),  and 
later  in  'The  Professor's  Love  Story.'  She 
was  with  Rose  Coghlan,  and  in  1895  went  to 
London  with  Augustin  Daly's  company.  A 
member  of  N.  C.  Goodwin's  company  1896,  she 
played  in  Gyde  Fitch's  'Nathan  Hale'  (1898); 
was  married  to  Mr.  Goodwin  that  year,  ap- 
peared with  him  in  'When  We  Were  Twenty- 
One,'  and  played  Portia  in  the  'Merchant  of 
Venice'  (1901).  She  starred  in  Fitch's  'Her 
Own  Way'  in  1903  and  thereafter  appeared  in 
several  light  comedies.  She  is  owner  and 
manager  of  the  Maxine  Elliott  Theatre,  New 
York,  since  1908.  She  appeared  there  in  'The 
Chaperon'  and  'Deborah  of  Tods,'  etc.  She 
has  since  appeared  in  the  film  drama  and  with 
the  greatest  success. 

ELLIOTT,  Sarah  Barnwell,  American 
novelist.  She  is  a  granddaughter  of  Stephen 
F.lliott.  Her  best-known  works  are  'The  Fel- 
mcres'  (1879);  'JeriV ;  'John  Paget';  'The 
Durkct  Sperret'  (1898);  'An  Incident  and 
Other  Happenings'  (1899);  'Sam  Houston' 
(1900);  'The  Making* of  Jane'  (1901);  and  a 
play  'His  Majesty's  Servant.'  She  is  a  mem- 
ber of  the  Society  of  Colonial  Dames  and  the 
United  Daughters  of  the  Confederacy. 
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ELLIPSE  (Lat.  ellipsis,  from  Gr.  elUipsis, 
omission),  a  plane  curve  of  such  a  form  that, 
if  from  any  point  in  it  two  straight  lines  be 
drawn  to  two  given  fixed  points,  the  sum  of 
these  straight  lines  will  always  be  the  same. 
The  ellipse  is  a  species  of  conic  section  (q.v.), 
and  is  obtained  by  a  plane  which  cuts  all  the  ele- 
ments of  one  nappe  of  a  right  circular  cone. 
Projectivcly  considered,  an  ellipse  is  a  conic 
which  cuts  the  Unc  of  infinity  in  two  distinct 
imaginary  points.  If  these  are  the  two  circular 
points,  the  ellipse  becomes  a  circle.  These  two 
fixed  points  are  called  the  foci.  In  the  ellipse 
ABCDE  and  F  are  the  foci.  If  a  straight 
line  (E  Q  F)  be  drawn  joining  the  foci,  and  be 


then  bisected,  the  point  of  bisection  is  called 
the  centre.  The  distance  from  the  centre  to 
cither  focus  (E  Q  or  Q  F)  is  called  the  linear 
eccentricity.  The  straight  line  (G  Q  H), 
drawn  through  the  centre  and  terminated  both 
ways  by  the  curve,  is  called  the  diameter.  Its 
vertices  are  G  and  H.  The  diameter  A  C, 
which  passes  through  the  foci,  is  called  the 
major  axis;  the  points  in  which  it  meets  the 
curve  (A  and  C),  the  principal  vertices.  The 
diameter  (B  D).  at  right  angles  to  the  major 
axis,  is  called  the  minor  axis.  Practically,  a 
tolerably  accurate  ellipse  may  be  drawn  on 
paper  by  sticking  two  pins  in  it  to  represent 
the  foci,  putting  over  these  a  bit  of  thread 
knotted  together  at  the  ends,  inserting  a  pencil 
in  the  loop,  and  pulling  the  string  tight  as  the 
figure  is  described.  The  importance  of  the 
ellipse  arises  from  the  fact  that  the  planets 
move  in  elliptical  orbits,  the  sun  being  in  one 
of  the  foci  — a  fact  which  Kepler  was  the  first 
to  discover. 

The  equation  to  an  ellipse,  referred  to  its 
centre  as  origin,  and  to  its  major  and  minor 
axes  as  rectangular  axes,  is 
x*  v* 

-  +  ^  — I,  where  o  and  a  are  the  semi-major 

and  semi-minor  axes  respectively.  From  this 
equation  it  may  be  shown,  by  the  integral  cal- 
culus, that  the  area  of  an  ellipse  is  equal  to 
~  ah;  or  is  [<ot  by  multiplying  the  product  of 
the  scmi-maior  and  semi-minor  axes  bv  3.1416. 
It  may  also  be  shown  that  the  length  of  the  cir- 
cumference of  an  ellipse  is  got  by  multiplying 
the  major  axis  by  the  quantity 


The  eccentricity  e,  is 


and  the 


ellipticity  ts  the  ratio  o— b  to  a.  Sec  Gfom- 
exry  and  Conic  Sections. 

ELLIPSIS,  in  grammar,  the  omission  of 
one  or  more  words,  which  may  be  easily  sup- 


plied by  the  connection.  It  is  common,  espe- 
cially in  colloquial  language,  for  the  sake  of 
brevity,  and  frequently  adds  to  the  strength 
and  perspicuity  of  the  sentence;  hence  a  more 
extended  use  of  the  ellipsis  in  rhetoric  and 
poetry-  In  the  hands  of  a  genuine  poet  or  ora- 
tor the  ellipsis  has  a  very  telling  value.  In  nat- 
ural language,  from  the  brevity  it  affords,  the 
ellipsis  becomes  in  all  its  phases  the  language 
of  passion,  and  especially  of  sudden  and  intense 
emotion ;  and  the  imitation  of  its  natural  use  in 
this  way  is  to  the  poet  the  most  powerful  in- 
strument for  painting  passion  to  the  life.  The 
works  of  all  the  greater  poets,  and  especially 
the  Hebrew  poetry  of  the  Old  Testament, 
abounds  with  familiar  instances  of  this  use  of 
the  ellipsis. 

ELLIPSOID,  in  geometry,  a  real  quadric 
surface  with  no  real  points  at  infinity.  Its 
equation  may  be  reduced  by  a  transformation 


x*      y1  "* 
of   axes   to  — ,  +  4;  + 


p   •  £l  —  1,  a.  b   and  c 

being  real.  Every  real  plane  section  of  an 
ellipsoid  is  an  ellipse.  If  a,  b  and  c  are  not  all 
distinct,  the  ellipsoid  is  a  figure  of  revolution, 
and  is  known  as  a  spheroid.  An  oblate 
spheroid  is  one  where  the  axis  of  revolution 
is  less  than  the  chords  of  the  spheroid  bisect- 
ing it  perpendicularly;  a  prolate  spheroid  is  one 
where  the  chords  arc  less. 

ELLIPSOIDAL  STRUCTURE  IN  IG- 
NEOUS ROCKS.  Certain  extrusive  igneous 
rocks  when  viewed  at  a  distance  seem  to  be 
made  up  of  aggregates  of  bowlders  varying 
from  a  few  inches  to  several  feet  in  diameter. 
If  these  masses  are  studied  more  closely,  how- 
ever! they  arc  seen  not  to  be  bowlders  at  all, 
but  merely  ellipsoidal  shaped  masses  of  the  rock 
that  have  a  slightly  different  texture  and  color 
from  the  remaining  mass.  This  difference  is 
believed  to  be  the  result  of  certain  differences 
set  up  during  the  cooling  and  solidification  of 
the  molten  rock.  The  cause  is  obscure  but 
there  is  some  reason  to  believe  that  it  is  due 
to  the  lava  being  poured  out  into  a  body  of 
water,  as  in  a  lake  or  the  ocean. 

ELLIS,  Alexander  John  (originally 
Sharpe),  English  scientist  and  philosopher :  b. 
Hoxton,  4  June  1814;  d.  London,  28  Oct.  189U. 
He  was  educated  at  Shrewsbury,  Eton  and 
Trinity,  Cambridge,  and  devoted  himself  to 
mathematics,  the  scientific  side  of  music,  and 
more  especially  to  philology  and  phonetics. 
His  translation  of  Professor  Helmholtz's  'Sen- 
sations of  Tone'  (1875)  has  taken  a  place  as  a 
standard  work  on  scientific  music.  In  1848  he 
published  two  small  works :  'The  Essentials  of 
Phonetics* ;  and  <A  Plea  for  Phonetic  Spell- 
ing,* and  collaborated  with  Sir  Isaac  Pitman 
(q.v.)  in  framing  a  phonetic  system.  His 
magnum  opus  on  'Early  English  Pronun- 
ciation.' with  special  reference  to  Chaucer  and 
Shakespeare,  appeared  between  1869  and  1889. 
His  other  works  include  'Horse  Taming' 
(1842);  'Phonetics'  (1844);  'On  Glosik,  a 
Ncu  Sistem  ov  Inglish  Spel'mg'  (1870);  'Eng- 
lish Dyonisian  and  Hellenic  Pronunciations  of 
Greek'  (1876);  'Logic  for  Children*  (1882). 
which  consists  of  two  addresses;  'Original 
Nursery  Rhymes  for  Boys  and  Girls'  (1848); 
'Algebra  Identified  with  Geometry'  (1874); 
'Practical  Hints  on  the  Quantitative  Pronuncia- 
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tion  of  Latin*  (1874)  ;  'Pronunciation  for 
Singers'  (1877). 

ELLIS,  Alston,  American  educator:  b. 
Kenton  County,  Ky.,  26  Jan.  1847.  He  was 
graduated  at  Miami  University  in  1865  and 
from  1867  to  1892  was  principal  of  schools  at 
Covington  and  Newport,  Ky.,  and  superintend- 
ent of  schools  at  Hamilton  and  Sandusky,  Ohio. 
From  1892  to  1900  he  was  president  of  the 
State  Agricultural  College  of  Colorado  and  for 
the  greater  part  of  that  time  served  also  as 
director  of  the  Colorado  Experiment  Station. 
In  1901  he  was  chosen  president  of  Ohio  Uni- 
versity. He  was  president  of  the  Ohio  Super- 
intendents' Association  in  1875,  of  the  Ohio 
Teachers'  Association  in  1888,  of  the  Ohio  Col- 
lege Association  in  1892-93,  and  of  the  Ohio 
Association  of  Presidents  and  Deans  in  1910- 
11.  He  published  a  'History  of  the  Ungraded 
Schools  of  Ohio,'  and  many  educational 
reports. 

ELLIS,  Edward  Sylvester,  American 
writer  of  school  textbooks  and  juvenile  liter- 
ature: b.  in  Geneva,  Ohio,  11  April  1840.  For 
some  years  he  was  superintendent  of  public 
schools  at  Trenton,  N.  J.  He  has  published 
more  than  100  juveniles,  most  of  which  have 
been  reissued  in  London  and  arc  sold  in  every 
part  of  the  world.  He  is  joint  author  of  'The 
World's  Great  Events,'  and  of  a  school  history 
of  New  Jersey.  His  'History  of  the  United 
States'  (8  vols.,  Cincinnati  1887)  has  sold  to 
the  extent  of  114.000  sets  or  912,000  separate 
volumes.  A  number  of  his  historical  produc- 
tions have  appeared  in  the  moving  pictures. 
His  latest  literary  work  is  the  editing  of  some 
60  translations,  devoted  to  a  full  history  of  all 
the  nations  engaged  in  the  great  European  War. 

ELLIS,  George,  English  author:  b.  Lon- 
don. England,  1753;  d.  10  April  1815.  He  was 
educated  at  Westminster  School  and  Trinity 
College,  Cambridge,  and  was  one  of  the  junta 
of  wits  concerned  in  the  well-known  political 
satire,  'The  Rolliad.'  He  published  'Speci- 
mens of  the  Early  English  Poets,  with  an  His- 
torical Sketch'  (1790);  'Specimens  of  Early 
English  Metrical  Romances'  (1805);  and  was 
an  intimate  friend  of  Sir  Walter  Scott. 

ELLIS,  George  Edward,  American  Unita- 
rian clergyman  and  historical  writer:  b.  Bos- 
ton, Mass",  8  Aug.  1814;  d.  there,  20  Dec.  1894. 
He  was  pastor  of  the  Harvard  (Unitarian) 
Church,  Charlcsiown,  Mass.  (1840-69);  and 
held  the  professorship  of  systematic  theology 
in  the  Cambridge  Divinity  School  (1857-63). 
He  was  also  a  lecturer  of  Lowell  Institute  in 
1864.  1871  and  1879,  and  was  editor  of  the 
Christian  Register  and  Christian  F.xamincr. 
As  president  of  the  Massachusetts  Historical 
Society  he  made  valuable  contributions  to  an 
early  colonial  history.  He  published  'A  Half- 
Centurv  of  the  Unitarian  Controversy1  (1857); 
'History  of  the  Battle  of  Bunker's  Hill' 
(1875);  'The  Red  Man  and  the  White  Man' 
(1882);  'The  Puritan  Age  and  Rule  in  the 
Colony  of  Massachusetts  Bay,  1629-85';  vari- 
ous memoirs,  and  several  biographies  in  Sparks' 
'American  Biography.' 

ELLIS,  Henry  Havelock,  Enelish  scientist 
and  literary  scholar:  b.  Croydon.  Surrey.  2  Feb. 
1859  He  taught  school  in  New  South  Wales 
1875-79,  and  on  his  return  to  England  practised 


medicine  for  a  short  time  and  then  devoted  him- 
self to  literary  and  scientific  work.  He  was 
editor  of  the  'Contemporary  Science  Series' 

(1889)  ;  and  of  the  'Mermaid  Series  of  Old 
Dramatists'  (1887-39);  and  is  the  author  of 
'The  New  Spirit'    (1890);   'The  Criminal  * 

(1890)  ;  'Man  and  Woman :  a  Study  of  Human 
Secondary  Sexual  Characters'  (1894);  'Sex- 
ual Inversion'  (1897);  'Affirmations'  (1897)  • 
'The  Evolution  of  Modesty*  (1899);  'Analysis 
of  the  Sexual  Impulse'  (1903) ;  'Sexual  Selec- 
tion in  Man'  (1905);  'Erotic  Symbolism' 
(1906);  «Scx  in  Relation  to  Society'  (1910); 
'The  World  of  Dreams'  (1911);  'Impressions 
and  Comments'  (1914). 

ELLIS,  John.  English  naturalist:  b.  Ire- 
land about  1710;  A  1776.  He  was  the  first  who 
suggested  the  idea  that  the  South  Sea  islands 
were  constructed  and  raised  from  the  bottom 
of  the  ocean  by  means  of  zoophytes  or  the 
polypi  inhabiting  different  species  of  coral 
('Essay  towards  the  Natural  History  of  Cor- 
allines' 1755).  He  was  for  some  time  agent 
for  the  colony  of  West  Florida  and  the  island 
of  Dominica.  Among  his  works  is  a  posthu- 
mous one  entitled  'The  Natural  History  of 
Many  Uncommon  Zoophytes'  (1786). 

ELLIS,  John  Valentine,  Canadian  states- 
man:  b.  Halifax,  Nova  Scotia,  1835.  He  was 
educated  in  the  public  schools  of  his  native  city ; 
worked  several  years  in  a  printer's  office  and 
in  1857  removed  to  Saint  John,  New  Brunswick, 
where  he  became  a  reporter.  He  bought  die 
Globe  of  that  city  in  1862  and  thereafter  was  its 
editor  and  publisher.  In  1882  he  entered  the 
political  arena,  served  in  the  New  Brunswick 
legislature  as  Liberal  for  Saint  John  from 
1882-37.  In  the  latter  year  he  went  to  the 
House  of  Commons  as  member  for  Saint  John. 
In  connection  with  his  election  court  proceed- 
ings were  instituted  which  involved  Ellis  in 
contempt  of  court  and  he  was  imprisoned  and 
fined.  His  popularity  was  gready  increased  by 
these  proceedings  and  the  fine  was  made  up  by 
public  subscription.  He  sat  in  the  Commons 
until  1891,  was  again  elected  in  1896  and  in  1910 
became  a  member  of  the  Senate.  In  1911  he 
was  chairman  of  the  Senate  Committee  on  De- 
bates and  in  the  same  year  was  also  president 
of  the  Natural  History  Society  of  New 
Brunswick. 

ELLIS,  John  Willis,  American  statesman : 
b.  Rowan  County,  N.  C,  25  Nov.  1820;  d. 
Raleigh,  N.  C.  1861.  He  was  graduated  at  the 
University  of  North  Carolina  in  1841,  was  ad- 
mitted to  the  bar  in  1842  and  soon  acquired  a 
large  practice.  He  was  a  member  of  the  State 
House  of  Commons  from  1844  to  1848.  when 
he  was  elected  a  judge  of  the  Superior  Court  of 
North  Carolina.  This  office,  in  which  he  suc- 
ceeded his  former  preceptor,  R.  M.  Pearson, 
who  was  elevated  to  the  Supreme  bench,  he  held 
until  1858,  when  he  was  elected  governor  of 
North  Carolina.  He  was  re-elected  in  1860  and 
died  in  office.  On  2  Jan.  1861,  Governor  Ellis 
took  possession  of  Fort  Macon  at  Beaufort, 
the  works  at  Wilmington  and  the  Federal 
arsenal  at  Fayetteville,  professedly  on  behalf 
of  the  State.  On  20  April  he  ordered  the  seiz- 
ure of  the  United  States  mint  at  Charlotte.  He 
was  active  in  promoting  the  passage  of  the 
secession  ordinance  in  North  Carolina. 
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ELLIS,  Mina  A.,  Canadian  explorer:  b. 
Bewdlcy,  Ontario,  about  1875.  She  was  gradu- 
ated at  the  Brooklyn  (X.  Y.)  Training  School 
for  Nurses;  later  became  assistant  superin- 
tendent of  the  S.  R.  Smith  Infirmary  (now  the 
Staten  Island  Hospital)  and  superintendent  of 
the  Virginia  Hospital,  Richmond,  Va.  She  mar- 
ried Leonidas  Hubbard,  journalist  and  explorer, 
in  1901 ;  he  perished  two  years  later  in  Labra- 
dor. She  organized  an  expedition  and  in  1905 
succeeded  in  completing  the  exploration  work 
undertaken  by  her  husband  by  crossing  the 
northeastern  part  of  Labrador,  now  known  as 
the  District  of  Ungava,  Province  of  Quebec. 
She  was  the  first  white  person  to  cross  the 
ridge  dividing  the  Naskaupi  and  George  water- 
sheds. An  account  of  the  expedition,  which 
resulted  in  some  important  discoveries,  is  given 
in  her  'A  Woman's  Way  through  Unknown 
Labrador*  (1908)  and  in  'The  Bulletin  of  the 
American  Geographical  Society.' 

ELLIS,  Powhatan,  American  jurist  and 
politician:  b.  Virginia,  about  1794;  d.  Richmond, 
Va.,  about  1844.  In  1813  he  was  graduated  at 
William  and  Mary  College,  settled  in  Missis- 
sippi while  it  was  a  Territory,  gained  a  high 
reputation  as  a  lawyer  and  in  1818  was  raised 
to  the  supreme  bench  of  the  State,  being  one 
of  the  first  judges  of  that  court.  He  remained 
in  office  until  1825,  when  he  was  appointed  by 
the  governor  to  serve  out  the  unexpired  term 
of  David  Holmes  in  the  United  States  Senate. 
He  failed  of  election  by  the  legislature,  but 
at  the  next  election  he  was  chosen  senator  for 
a  full  term,  but  served  only  from  3  Dec.  1827 
to  1832,  when  he  resigned  to  take  his  seat  on 
the  bench  as  United  States  judge  for  the  dis- 
trict of  Mississippi.  While  in  the  Senate  he 
joined  Thomas  H.  Benton  and  William  Smith 
in  opposing  the  ratification  of  the  treaty  of 
1828  with  Mexico,  which  established  a  bound- 
ary-line intersecting  the  Red  and  Arkansas 
rivers,  thus  leaving  only  Florida  and  Arkansas 
for  the  expansion  of  slavery.  While  on  the 
bench  he  delivered  more  opinions  than  any  con- 
temporary judge.  On  5  Jan.  1836  he  was  ap- 
pointed by  President  Jackson  charge  d'affaires 
in  Mexico,  and  on  28  December  he  closed  the 
American  legation.  President  Van  Burcn  ap- 
pointed him  minister  to  Mexico  on  15  Feb. 
1839,  in  which  post  he  was  succeeded  by  Waddy 
Thompson  in  1842.  After  his  return  he  resided 
in  Virginia. 

ELLIS,  Robinson,  English  classical  scholar : 
b.  Banning,  Kent,  5  Sept.  1834;  d.  9  Oct.  1913. 
He  was  educated  at  Rugby  and  Balliol  College, 
Oxford,  and  in  1870  became  professor  of  Latin 
in  University  College,  London.  From  1883  till 
1893  he  was  university  reader  in  Latin  liter- 
ature at  Oxford,  and  in  the  latter  year  he  was 
elected  to  the  corpus  professorship  of  Latin. 
His  name  is  chiefly  associated  with  the  elucida- 
tion of  the  poems  of  the  Roman  poet  Catullus. 
In  1867  he  published  a  critical  edition  of 
Catullus  ('Catulli  Vcroncnsis  Liber')  and  in 
1871  'The  Poems  and  Fragments  of  Catullus' 
in  the  metres  of  the  original,  these  works  being 
followed  by  a  'Commentary  on  Catullus' 
(1876).  "  Other  publications  of  bis  include 
Ovid's  'Ibis,'  with  commentary  (1881)  ;  'Fables 
of  Avianus'  (1887);  'Ovientii  Carmina' 
(1887);    'Noctcs   Manilianae'    (1891);  'The 
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Fables  of  Phsedros*  (1894),  and  a  new  recen- 
sion of  'Velleius  Patcrculus,'  with  commen- 
tary (1898);  'Aetna'  (1900);  'Appendix  Ver- 
gi liana'  (1907);  'Licinianus'  (1908).  Consult 
American  Journal  of  Philology  (Vol.  XXXIV, 
pp  494-496;  1913). 

ELLIS,  William  Hodgson,  Canadian  chem- 
ist :  b.  Bakewell,  Derbyshire,  England,  1845. 
He  came  to  Canada  in  early  youth  and  was 
graduated  at  the  University  of  Toronto  in 
1867,  afterward  studying  medicine  there  and  in 
Great  Britain.  On  his  return  he  became  pro- 
fessor of  chemistry  in  Trinity  Medical  School 
and  lecturer  on  chemistry  at  Trinity  University. 
Afterward  he  became  instructor  in  chemistry  in 
the  Provincial  College  of  Technology,  and  in 
1900  was  appointed  to  the  chair  of  toxicology 
in  the  University  of  Toronto.  He  also  served 
as  official  analyst  of  the  Inland  Revenue  office 
at  Toronto.  He  is  widely  known  as  an  expert 
chemist. 

ELLIS,  William  Thomas,  American  jour- 
nalist :  b.  Allegheny.  Pa.,  25  Oct.  1873.  He  was 
educated  in  the  public  schools  and  until  1894 
was  on  the  staff  of  Philadelphia  newspapers, 
when  he  became  editor  of  the  International 
Christian  Endeavor  organ.  In  1897  he  became 
editor  of  Forward  and  in  1903-08  was  editorial 
writer  for  the  Philadelphia  Press.  He  investi- 
gated social  conditions  in  foreign  countries  in 
1906-07  and  in  1910-11  in  the  interest  of  a 
news  syndicate.  He  wrote  Sunday-school  les- 
sons and  also  contributed  to  religious  peri- 
odicals. He  has  lectured  frequently  before  re- 
ligious bodies  and  has  published  'Men  and 
Missions'  (1909)  and  'Foreign  Missions 
through  a  Journalist's  Eyes.' 

ELLIS  ISLAND,  small  island  situated  in 
New  York  Bay,  one  mile  southwest  of  the  Bat- 
tery, where  the  old  immigrant  station,  Castle 
Garden,  was  located.  The  United  States  immi- 
grant commissioner  has  his  offices  on  this  island. 
Immigrants  detained  for  investigation  as  to 
compliance  with  the  United  States  immigra- 
tion laws  are  kept  on  this  island  until  allowed 
to  land  or  are  deported.  It  was  sold  by  New 
York  State  to  the  United  States  in  1808,  and 
for  many  years  was  used  as  a  powder  maga- 
zine. In  1891  it  was  made  an  immigrant  sta- 
tion. The  present  buildings  were  erected  in 
1897,  when  the  original  structures  were  burned 

ELLORA,  e-16'ra,  ELORA,  or  ELURU, 

e-loo'ra,  India,  village  in  the  province  of 
Aurungabad  Hyderabad  State;  situated  in  20' 
21'  N\,  and  75°  lO*  E.,  about  15  miles  north- 
west of  Aurungabad  city.  Near  by  is  the  red 
stone  temple  of  Ahalya  nai,  the  Rane  of  Indore 
(1767-95),  a  good  example  of  modern  Hindu 
architecture.  Ellora  is  celebrated  for  some  re- 
markable cave  temples,  excavated  in  the  solid 
rock,  which  in  magnitude  and  perfection  sur- 
pass all  other  constructions  of  the  kind  in  India. 
The  temples  are  divided  into  three  scries, 
Buddhist,  Brahmanical  and  Jain  and  are  ar- 
ranged chronologically.  There  are  12  Buddhist 
caves  at  the  north  end,  5  Jain  caves  at  the  oppo- 
site end,  with  17  Brahmanical  caves  between. 
Important  inscriptions  have  been  found  on 
them,  dating  from  the  5th  to  the  9th  cen- 
turies. The  Kailas  temple  at  Ellora  is  a  re- 
markable specimen  of  Indian  architecture.  Its 
court  is  about  154  feet  wide  by  276  feet  long, 
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entirely  cut  out  of  the  solid  rock,  hacked  by  a 
scarp  107  feet  high.  A  curtain  of  stone  has 
been  left  at  the  front  on  which  forms  of  Siva, 
Vishna  and  the  other  gods  are  carved.  Rooms 
inside  face  an  entrance  passage  at  the  end  of 
which  are  a  colossal  Lakshmi  and  her  attendant 
elephant  and  lotuses.  An  inscription  dates  from 
the  8th  century-  A  bridge  leads  to  the  tem- 
ple proper,  guarded  by  posts.  The  temple  was 
built  by  Krishna  I,  the  Rashtrakuta  King  of 
Malked  (760-83).  Consult  Fergusson  and 
Burgess,  'The  Cave  Temples  of  India'  (Lon- 
don 1880). 

ELLORE,  e-lor'.  India,  town,  in  the  God- 
avari  district  of  the  Madras  presidency,  on  the 
river  Jammaler,  once  the  capital  of  the  North- 
ern Ci rears.  It  has  magisterial  and  judicial 
establishments,  police  station,  post  office,  etc., 
a  number  of  Christian  missions  and  a  garrison. 
There  are  some  manufactures  of  carpets  and 
saltpetre.   Pop.  33,500. 

ELLSWORTH,  Ephraim  Elmer,  Ameri- 
can soldier:  b.  Mcchanicsville,  N.  Y.,  23  April 
1837;  d.  Alexandria,  Va.,  24  May  1861.  He 
organized  about  1859  a  zouave  corps  which 
became  noted  for  the  excellence  of  its  dis- 
cipline. In  March  1861  he  accompanied  Presi- 
dent Lincoln  to  Wa'shington,  and  in  April  he 
went  to  New  York,  where  he  organized  a 
zouave  regiment  of  firemen,  of  which  he  be- 
came colonel.  Ordered  to  Alexandria,  he 
lowered  a  Confederate  flag  floating  over  a 
hotel,  for  which  act  the  hotelkeeper  shot  him 
dead.  - 

ELLSWORTH,  Oliver,  American  jurist: 
b.  Windsor,  Conn.,  29  April  1745;  d.  there,  26 
Nov.  1807.  He  was  graduated  at  the  College 
of  New  Jersey  in  1766,  and  soon  after  com- 
menced the  practice  of  law.  In  1777  he  was 
chosen  a  delegate  to  the  Continental  Congress, 
and  in  1780  was  elected  a  member  of  the  coun- 
cil of  Connecticut,  in  which  body  he  continued 
till  1784,  when  he  was  appointed  a  judge  of 
the  Superior  Court.  In  1/87  he  was  elected 
to  the  convention  which  framed  the  Federal 
Constitution,  and  was  afterward  a  member  of 
the  State  convention,  where  he  earnestly  advo- 
cated the  ratification  of  that  important  instru- 
ment, which  his  exertions  had  essentially  aided 
in  producing.  In  1789  he  was  chosen  a  Senator 
of  the  United  States,  which  station  he  filled 
till  1796,  when  he  was  nominated  by  Washing- 
ton Chief  Justice  of  the  Supreme  Court  of  the 
United  States.  In  1799  he  was  appointed  envoy 
extraordinary  to  Paris,  and  with  his  associates 
successfully  negotiated  a  treaty  with  the 
French.  He  resigned  his  office  of  chief  justice 
in  1800.  In  1803  he  was  made  a  member  of 
the  governor's  council  of  Connecticut,  and  in 
1807,  chief  justice  of  that  State.  His  biographv 
was  written  by  W.  G.  Brown  (New  York 
1905). 

ELLSWORTH.  Maine,  cityf  port  of  entry 
and  county-seat  of  Hancork  County,  on  both 
sides  of  the  Union  River,  and  on  the  Maine 
Central  Railroad;  30  miles  southeast  of  Bangor. 
It  is  the  trade  centre  of  the  county  and  has 
extensive  timber,  ship-building  and  fishing  in- 
terests, exporting  over  50,000,000  feet  of  lumber 
annually.  It  has  shoe,  woolen,  leather,  car- 
riage, sails,  gasoline  enpines  and  other  manu- 
facturing industries.    The  city  contains  a  court- 


house, custom-house,  public  library  and  a  city 
hall.  The  Union  River  is  crossed  by  several 
bridges  and  furnishes  good  water  power  for 
manufacturing  purposes.  A  fish  hatchery  is 
maintained  here  by  the  Federal  government. 
The  city  was  settled  in  1763,  was  incorporated 
as  a  town  in  1800  and  as  a  city  in  1859.  A 
mayor  and  a  board  of  aldermen  administer  the 
affairs  of  the  municipality  which  controls  the 
water-supply  system  and  the  electric  plant. 
Pop.  3.549. 

ELLWOOD,  Charles  Abram,  American 
sociologist :  b.  near  Ogdensburg,  N.  Y.,  20  Jan. 
1873.  He  was  graduated  at  Cornell  University 
in  1896  and  studied  also  at  the  Universities  of 
Chicago  and  Berlin.  For  one  year  he  was  lec- 
turer and  instructor  at  the  University  of 
Nebraska  and  in  1900  became  professor  of  so- 
ciology at  the  University  of  Missouri.  He 
became  also  advisory  editor  of  the  American 
Journal  of  Sociology  and  associate  editor  of 
the  Journal  of  Criminal  Law  and  Criminology 
In  1904  he  served  as  president  of  the  Missouri 
Confederated  Charities.  He  has  published 
'Sociology  and  Modern  Social  Problems' 
(1910);  'Sociology  in  its  Psychological  As- 
pects* (1912;  French  trans.,  1914)  ;  also  mono- 
graphs and  special  articles  on  social  psychology. 

ELLWOOD,  Thomas,  English  Quaker,  b 
Crowell,  near  Thame,  Oxfordshire,  1639;  d. 
Amersham,  1  March  1714.   About  1660  he  was 
induced  to  join  the  Society  of  Friends,  and  sub- 
sequently became  reader  to  Milton,  with  whom 
he  improved  himself  in  the  learned  languages, 
but  was  soon  obliged  to  quit  London  on  account 
of  his  health.    In  the  year  1665  he  procured* 
lodging  for  Milton  at  Cbalfont,  Bucks,  and  «s 
the  occasion  of  his  writing  'Paradise  Regained1 
by  the  following  observation  made  on  rereading 
the    'Paradise    Lost*    which    the   poet  had 
lent  him  to  read  in  manuscript:  «Thou  hast 
said  much  of  paradise  lost,  but  what  hast  thou 
to  say  of  paradise  found?*    In  1705  he  pub- 
lished: the  first  part  of  'Sacred  History,  or  the 
Historical  Parts  of  the  Old  Testament' ;  and  in 
1709  'Sacred  History,  etc.,  of  the  New  Testa- 
ment.'   His  other  works  are  numerous;  among 
them  'Davidcis,  the  Life  of  David,  King  of 
Israel,'  a  poem,  which  is  more  distinguished 
for  piety  than  poetry.    His  life,  written  by  him- 
self, and  published  the  year  after  his  death, 
affords   many   interesting   particulars  of  the 
history  of  his  sect. 

ELM,  Ulmtts,  a  genus  of  trees  and  a  few 
shrubs  of  the  family  Ulmacext.  The  species, 
of  which  about  20  arc  known,  are  natives  of 
the  North  Temperate  zone  and  the  southern 
portions  of  the  Arctic  zone.  Their  southern 
limits  seem  to  be  the  Himalayas  in  Asia  and 
the  mountains  of  southern  Mexico.  None  are 
natives  of  the  Pacific  slope  of  North  America- 
They  are  characterized  by  short-petioled,  alter- 
nate, rough,  usually  deciduous  leaves  with  ser- 
rate edges;  axillary  racemes  of  perfect 
apetalous  flowers  which  appear  in  early  spring 
before  or  with  the  leaves;  and  compressed, 
winged,  dry  fruits.  Many  of  the  species  are  of 
wide  economic  importance.  Their  hard,  heavy, 
tough,  pliable  wood  is  largely  used  in  the  manu- 
facture of  barrels,  agricultural  implements, 
boats,  wagon  wheels,  buildings,  etc.,  and  for 
fuel.  The  inner  bark  of  some  species  furnishes 
an  article  of  food,  and  that  of  others  a  tough 
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bast  fibre  used  for  cordage  and  cloth  making. 
The  outer  bark  of  some  is  used  in  dyeing  and 
sugar  refining.  Various  parts  of  several  species 
were  formerly  popular  remedies  employed  in 
medicine,  but  except  in  domestic  and  local  prac- 
tice are  rarely  prescribed.  Most  of  the  species 
are  highly  valued  as  ornamental  trees  in  street 
and  park  planting,  those  specially  popular  being 
the  straight-trunked,  tall-growing,  vase-formed 
species,  which  quickly  over-arch  the  streets  and 
cast  an  abundant  shade.  Many  cultivated  varie- 
ties of  fantastic  form,  color  of  foliage,  or  habit 
of  growth  are  also  planted  as  curiosities. 

The  best-known  American  species  is  the 
white,  water,  or  American  elm  (U.  americana), 
which  grows  in  rich  moist  woods,  especially  on 
the  shores  of  streams,  from  Newfoundland  to 
Florida  and  westward  to  the  eastern  side  of  the 
Rocky  Mountains.  It  is  a  tall  tree,  often  at- 
taining a  height  of  120  feet  when  growing  in 
the  forest,  and  with  a  wide-spreading,  less  lofty 
top  when  growing  in  the  open,  where  it  may  be 
seen  in  several  different  forms,  popularly  known 
as  vase,  plume,  oak-tree,  etc.,  according  to  the 
arrangement  of  the  branches.  Some  specimens 
of  each  one  develop  numerous  twiggy  growths 
upon  the  trunk  and  main  branches,  which  are 
thus  rendered  very  attractive  because  of  their 
feathery  appearance.  The  most  common  form 
is  the  vase,  in  which  the  main  branches  develop 
at  about  20  feet  or  more,  and  at  their  bases 
gradually,  and  toward  their  extremities  widely 
diverge.  This  is  probably  the  most  popular 
street  form  in  America.  Another  well-known 
American  species  is  the  slippery  or  red  elm 
(U.  fulva),  which  attains  a  height  of  70  feet 
in  rich  soils  and  is  found  from  Quebec  to 
Florida  and  westward  to  Texas  and  the  Da- 
kotas.  It  is  called  red  because  the  bud  scales 
are  reddish  and  conspicuous  when  unfoldi.  g  in 
spring;  and  it  is  called  slippery  because  of  its 
mucilaginous  inner  bark.  Its  wood  is  less  val- 
ued than  that  of  the  English  elm,  but  more  than 
that  of  the  white  elm.  The  cork  or  rock  elm 
(U.  racemosa),  which  grows  on  river  banks 
from  New  England  to  Nebraska  and  as  far 
south  as  Kentucky  and  Tennessee,  attains  a 
height  of  100  feet  and  is  noted  for  the  corky 
developments  resembling  wings  on  the  smaller 
branches.  Its  wood  is  specially  valued  for  its 
great  durability,  strength,  pliability  and  tough- 
ness. Another  species  with  corky,  winged 
branches  is  fhc  wahoo  or  winged  elm  (U. 
alata),  which  ranges  from  Virginia  to  Florida 
and  westward  to  Texas  and  Illinois.  It  rarely 
exceeds  70  feet  in  height,  is  very  attractive  in 
habit,  and  is  planted  for  ornament  in  the  South, 
but  not  in  the  North,  as  it  is  not  sufficiently 
hardy  for  the  rigors  of  winter. 

The  most  noted  European  species  is  the 
English  elm  (U.  campestris)l  which  ranges 
through  middle  and  southern  Europe,  northern 
Africa,  and  eastward  to  Japan.  It  reaches  100 
feet  in  height  and  has  a  rather  round-topped 
or  open  head,  on  account  of  its  spreading 
branches.  It  is  frequently  planted  for  ornament 
at  home  and  abroad,  and  in  America  is  valued 
because  its  foliage  continues  green  for  several 
weeks  after  that  of  the  white  elm.  It  has  sev- 
eral distinct  varieties,  which  arc  sometimes 
considered  as  distinct  species,  and  of  which  there 
are  a  large  number  of  horticultural  varieties. 
The  next  most  important  European  species  is 
probably  the  Scotch  or  wych  elm  (U.  scabra). 


which  has  much  the  same  range  as  the  preced- 
ing species,  like  which  it  attains  a  height  of 
about  100  feet.  It  is  a  variable  species  with 
many  cultivated  varieties,  one  of  the  best- 
known  of  which  is  the  Camperdown  elm,  which 
has  long,  pendulous  branches,  on  account  of 
which  the  tree  is  frequently  planted  as  a 
curiosity  in  parks  and  gardens.  The  Chinese 
elm  (U.  parvifolia)  is  a  semi-evergreen  shrub 
or  small  tree,  a  native  of  eastern  Asia,  which 
has  proved  hardy  in  America  as  far  north  as 
Massachusetts. 

Elms  arc  readily  propagated  from  seed 
which  ripens  in  late  spring  or  early  summer 
and  should  be  sown  at  once.  The  seedlings 
are  easily  managed,  both  as  to  cultivation,  trans- 
planting and  pruning.  The  trees  do  best  in  rich 
soil,  especially  if  moist.  The  choice  varieties 
are  generally  grafted.  The  trees,  especially  of 
the  American  or  white  elm,  are  specially  liable 
to  the  attacks  of  certain  insects  and  diseases, 
which  often  defoliate  them.  The  latter  may  be 
kept  in  check  by  the  timely  and  proper  applica- 
tion of  a  standard  fungicide  (q.v.). 

The  name  elm  is  also  given  to  various  un- 
related trees,  the  best-known  of  which  are 
probably  the  following:  Water  elm  (Planera 
aquatic  a)  ;  Spanish  elm  or  Bois-dc-Chypre 
(Cordio  gerascanthus) .  Several  Australian 
trees  are  also  known  as  elms,  especially 
Duboisia  myoporoides  and  Aphanonthe  philip- 
Pjntnsis,  each  of  which  is  valued  for  its 
timber. 

ELM,  Slippery,  in  medicine,  the  bark  of 
L'lmus  fulva,  is  widely  used  as  a  demulcent. 
It  is  probable  that  the  ancient  Indian  inhab- 
itants of  the  country  introduced  it  into  medi- 
cine. Slippery  elm  bark  is  noted  for  the  large 
amount  of  mucilage  which  it  contains,  thus 
rendering  it  a  pleasing  demulcent  for  sore 
throat,  diarrhoea,  dysentery,  and  inflammation 
of  the  intestinal  tract  in  general. 

ELM-INSECTS.  Few  ornamental  trees 
are  more  subject  to  the  attacks  of  insects  than 
are  the  elms,  and  especially  the  American  elm. 
The  European  species  arc,  however,  attractive 
to  the  European  insects,  of  which  many  have 
been  brought  over  unintentionally,  and  have 
spread  remarkably  because  of  the  absence  of 
their  enemies.  One  of  the  most  notable  is  the 
plant-louse  known  as  Cohplia  ulmicola,  which 
produces  the  cockscomb  galls  upon  the  foliage. 
It  is  rarely  very  troublesome,  and  has  usually 
done  its  damage  before  it  can  be  attacked. 
Kerosene  emulsion,  if  applied  in  time,  will  prove 
effective.  (See  Insecticide).  A  borer  (Sap- 
erda  tridentata)  is  sometimes  troublesome,  but 
there  seems  to  be  no  satisfactory  way  to  control 
it,  though  it  has  been  suggested  that  the  trunk 
should  be  washed  with  lime  or  soft  soap  during 
June  and  July.  Most  of  the  other  insects  that 
attack  the  elms  are  beetles,  their  larvae,  or  the 
caterpillars  of  various  moths.  These  all  bite 
their  food,  and  hence  may  be  attacked  with 
arscnites  or  other  stomach  poisons  sprayed 
upon  the  foliage.  Among  these  insects  are  the 
four-horned  sphinx-moth  (Ccratomia  amyntor 
or  quadricornis),  a  green  caterpillar  with  four 
little  horns  near  the  head  and  the  long  anal 
horn  characteristic  of  the  sphinx-moth.  The 
bag-worm  (Thyridopteryx  cphemcraformis), 
the  gypsy-moth  (Ocneria  dispar),  the  tussock- 
moth  {Notolophus   or   Orgyria  leucostigmd), 
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and  several  other  general  feeders  arc  frequently 
troublesome.  But  the  most  important  leaf-eat- 
ing enemy  of  the  elm  is  the  elm-leaf  beetle 
(Galcruca  xanthomclana) ,  a  reddish-yellow, 
two-striped  European  insect  which  appears  and 
eats  the  leaves  in  spring.  The  bottle-shaped 
yellow  eggs  are  laid  in  rows  on  the  under  sides 
of  the  leaves,  and  the  hairy,  black-spotted,  yel- 
low larv*  eat  circular  holes  between  the  leaf- 
veins.  Spraying  with  arsenites  is  effective,  but 
where  more  than  one  brood  is  produced  the 
sprayings  must  be  repeated  frequently  through- 
out the  summer.  Consult  Marlatt,  'Elm  Leaf 
Beetle,'  Circular  8,  Division  of  Entomology, 
United  States  Department  of  Agriculture 
(Washington  1895). 

ELMAN,  Mischa,  Jewish  violinist :  b. 
Talnoje,  Russia,  1892.  He  showed  such  re- 
markable talent  that  at  the  age  of  six  he  was 
taken  by  his  father  to  Odessa  and  there  studied 
under  competent  masters  for  four  years.  He 
met  Leopold  Auer  in  1902  and  so  impressed  the 
latter  that  he  secured  the  permissjon  of  the 
Tsar  for  Elman's  admission  to  the  Imperial 
Conservatory  at  Saint  Petersburg,  hitherto 
closed  to  members  of  the  Jewish  race.  Elman 
spent  two  years  there  under  Auer  and  at  his 
debut  in  1904  he  was  at  once  acclaimed  as  an 
artist  of  first  rank.  He  toured  Germany  and 
everywhere  scored  a  triumphant  success.  He 
visited  the  United  States  in  1908  and  again  in 
1911,  1912,  1913  and  1914,  being  eminently  suc- 
cessful on  every  occasion.  On  the  violin  he  is 
now  recognized  as  a  veritable  genius. 

ELMENDORF,  Theresa  Hubbell  West, 

American  librarian:  b.  Pardeeville,  Wis.,  1855. 
She  was  graduated  at  Miss  Wheelock's  Semi- 
nary, Milwaukee,  in  1874  and  from  1880  to  1S96 
was  deputy  librarian  and  librarian  of  the  Mil- 
waukee Public  Library.  In  1896  she  married 
Henry  Livingston  Elmendorf  (d.  1906).  and  in 
1906  was  appointed  vice-librarian  of  the  Buffalo 
Public  Library.  In  1903-04  she  was  president 
of  the  New  York  Library  Association  and  in 
191 1  became  president  of  the  American  Library 
Association  —  the  first  woman  to  fill  that  office. 
She  was  also  cocditor  of  the  'American  Library 
Association  Catalogue'  and  has  published  many 
articles  in  library  periodicals  on  professional 
topics. 

ELMINA,  cl-me'na,  or  SAINT  GEORGE 
DEL  MINA,  West  Africa,  town  belonging  to 
Great  Britain,  formerly  the  capital  of  the  Dutch 
settlements  on  the  Gold  Coast,  five  or  six  miles 
west  of  Cape  Coast  Castle.  The  Castle  of  Saint 
George  del  Mina  was  the  first  European  estab- 
lishment on  the  coast  of  Guinea,  having  been 
erected  by  the  Portuguese  in  1481.  The  castle 
is  the  residence  of  the  government  officials  of 
the  district.  It  is  the  chief  outlet  for  the  trade 
of  Ashanti.  It  came  under  English  control  in 
1872,  when  it  was  claimed  by  the  King  of 
Ashanti  the  result  bcintr  the  Ashanti  wars  of 
1873-74.    Pop.  about  4.000. 

ELMIRA,  N.  Y,  city,  county-seat  of  Che- 
mung County,  on  both  sides  of  the  Chemung 
River,  and  on  the  Delaware  and  Lackawanna, 
the  Lehigh  Valley,  the  Northern  Central  and 
the  Erie  railways;  100  miles  southeast  of  Roch- 
ester, 149  miles  ea^t-sonthcast  of  Buffalo,  and 
46  miles  south-southwest  of  Ithaca.  Among 
the  more  important  establishments  arc  railroad- 


car  shops,  iron  and  steel  bridge  works,  steel- 
plate  works,  valve  and  radiator  works,  manu- 
factories of  boots  and  shoes,  automobile  parts, 
tables,  bicycles,  glass,  fire  engines,  tobacco  and 
cigars,  boilers  and  engines,  doors,  sashes  and 
blinds,  hard-wood  finishing  works,  silk  and 
knitting  mills  tobacco  warehouses,  dyeworks, 
breweries  and  aluminum  works.  The  district 
is  fertile,  and  there  arc  also  stone-quarters  in 
the  vicinity.  Here  are  located  Elmira  College 
(q  v.),  a  State  armory,  the  State  reformatory 
(sec  Elmira  Reformatory),  the  Arnot-Ogden 
Memorial  Hospital,  the  Steele  Memorial  Free 
Library,  a  Federal  government  building  housing 
the  Federal  courts,  the  post  office,  etc.,  and 
various  charitable  institutions.  The  park  sys- 
tem includes  Wisner,  Riverside,  Eldridge  and 
Hoffman  parks.  Elmira  is  finely  laid  out,  and 
has  an  excellent  water  supply,  and  gas  and 
electric  lighting.  Elmira  was  permanently  set- 
tled in  1788,  was  incorporated  as  the  village  of 
Newtown  in  1815,  and  in  1828  was  reincor- 
porated as  the  village  of  Elmira.  In  1836  it  be- 
came  the  county-seat  of  Chemung  County,  and 
in  1864  obtained  its  city  charter.  During  the 
Civil  War  it  was  the  State  lecruiting  and  mili- 
tary rendezvous,  and  in  1864-65  one  of  the 
Federal  prisons  for  Confederate  prisoners  of 
war  was  here  situated.  Near  the  present  site 
of  Elmira  the  battle  of  Newtown  was  fought, 
29  Aug.  1779.  General  Sullivan,  with  an  Amen- 
can  force  numbering  5,000,  defeating  a  com- 
bined band  of  Tories  and  Indians  commanded 
respectively  by  Sir  John  Johnson  and  Joseph 
Brant  (Thayendanegea)  and  numbering  ap- 
proximately 1,500.  The  battle-ground  is  now 
marked  by  a  memorial  to  Sullivan.  Elmira  is 
governed,  under  a  charter  of  1906,  by  a  mayor, 
who  is  biennially  elected,  and  a  common  coun- 
cil, which  is  unicameral.  In  addition  to  the 
aldermen  who  are  chosen  by  wards  for  terms 
of  two  years,  the  recorder,  municipal  judge 
and  12  supervisors,  to  act  as  a  county  board, 
are  also  chosen  by  popular  vote.    Pop.  37,816. 

ELMIRA,  Battle  of,  29  Aug.  1779,  in  the 
Revolution.   See  Chemung,  Battle  of. 

ELMIRA  COLLEGE,  at  Elmira,  N  Y. 
The  first  college  founded  exclusively  for  women 
in  the  United  States  (1855).  Under  the  aus- 
pices of  the  Presbyterian  Church,  its  course 
of  study  from  the  first  demanded  as  high  a 
grade  of  work  as  is  usual  in  first-class  colleges. 
The  degrees  conferred  are  bachelor  of  arts, 
bachelor  of  science,  bachelor  of  music  and 
master  of  arts.  The  college  maintains  a 
graduate  department  and  also  a  summer  ses- 
sion. The  average  enrolment  is  about  260. 
with  20  members  in  the  faculty.  There  are 
11,000  volumes  in  the  librarv.  T*hc  annual  in- 
come is  about  $90,000,  and  the  productive  funds 
amount  to  $1-40,000. 

ELMIRA  HEIGHTS,  N.  Y..  village  in 
Chemung  County,  adjoining  Elmira,  on  the 
Delaware,  Lackawanna  and  Western,  the  Erie 
and  the  Lehigh  Valley  railroads.  Bridgeworks, 
machine  shops,  knitting  mills  and  pump  fac- 
tories give  employment  to  a  very  great  number. 
Pop  2,732. 

ELMIRA  REFORMATORY,  State  insti- 
tution, located  in  Elmira,  N.  Y.  It  is  a  re- 
formatory to  which  may  be  sent  only  males  be- 
tween the  ages  of  16  and  30  who  have  not 
served  a  period  in  a  State  prison.    The  court 
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of  the  State  of  New  York,  in  sentencing  a 
prisoner  to  this  institution,  has  no  authority  to 
limit  the  time;  that  is  determined  by  the  man- 
agers of  the  institution,  and  is  almost  wholly 
dependent  upon  the  conduct  of  the  prisoner. 
However,  the  term  of  imprisonment  shall  not, 
according  to  the  law  of  the  State,  "exceed  the 
maximum  term  provided  by  law  for  the  crime 
for  which  the  prisoner  was  convicted  and  sen- 
tenced.*  This  reformatory,   which  takes  the 

Elacc  of  a  State  prison  for  male  offenders  who 
ave  not  become  hardened  in  crime,  has  effected 
a  radical  change  in  methods  of  dealing  with  the 
class  of  law-breakers  intended  to  benefit.  Al- 
though the  law  authorizing  the  institution  was 
passed  in  1866  it  was  not  until  1876  that  the  in- 
stitution was  opened.  The  plan  has  been  a 
splendid  success  and  has  had  many  imitators. 
About.  22,000  prisoners  have  passed  through  its 
regimen.  About  1,300  is  the  average  detained 
there.  Consult  Winter,  'The  Elmira  Reforma- 
tory' ;  New  York  State  Laws  of  1877,  sec.  2, 
ch.  173.  Wines,  'Punishment  and  Reformation' 
(1895);  and  the  yearbooks  of  the  Reformatory. 

ELMO,  ERMO,  or  ERASMUS,  Saint,  a 
martyr  who  suffered  death  at  Formiae,  a  town 
of  ancient  Italy,  during  the  persecution  under 
Diocletion,  in  303.  He  is  considered  the  patron 
saint  of  sailors,  and  is  usually  invoked  by 
Italian  sailors  during  a  storm.  His  feast  is 
kept  on  June  3. 

ELMO'S  FIRE,  Saint,  is  the  popular  name 
of  an  electric  appearance,  especially  in  southern 
climates  during  thunderstorms,  of  a  brush  or 
star  of  light  at  the  tops  of  masts,  spires,  or 
other  objects.  Greek  superstition  embodied 
this  phenomenon  in  the  story  of  Castor  and 
Pollux. 

ELMORE,  Alfred,  Irish  artist:  b.  Clona- 
kilty,  Ireland,  18  June  1815;  d.  London,  24  Jan. 
1881.  He  studied  at  Royal  Academy,  London, 
traveled  through  Europe  to  Rome,  where  he 
lived  two  years,  returning  to  England  in  1844, 
becoming  an  associate  of  the  Royal  Academy, 
1845.  and  Royal  Academician,  1856.  Among 
his  works  are  'Martyrdom  of  Thomas  a 
Bccket'  (1840),  Saint  Andrew's  Church,  Dub- 
lin; 'The  Novice'  (1843);  'Rienzi*  (1844); 
•Death  of  Robert,  King  of  Naples'  (1848); 
'Grisclda'  (1850);  'Charles  V  at  Yuste' 
(1856);  <  Marie  Antoinette  in  the  Temple' 
(1861);  Louis  XIII  and  Louis  XIV  (1870); 
'Ophelia*  (1875);  'Mary  Queen  of  Scots  and 
Darnley'  (1877);  'Pompeii,'  'John  Alden  and 
Priscilla'  (1878);  'After  the  Ruin,'  and 
'Lenorc. ' 

ELMWOOD  PLACE,  Ohio,  village  of 
Hamilton  County,  adjoining  Cincinnati,  to 
which  it  has  repeatedly  refused  to  be  annexed, 
and  on  the  Cincinnati,  Chicago  and  Saint  Louis 
and  the  Dayton  and  Cleveland  railroads,  the 
Miami  River  and  the  Eric  Canal.  It  contains 
large  steel  manufacturing  plants  and  extensive 
railroad  freight  yards.    Pop.  3,423. 

ELOBEY  ISLANDS,  a-lo-ba'*.  The  name 
of  two  small  islands  off  the  coast  of  Guinea, 
in  Africa,  belonging  to  Spain.  Elobey  Chico 
is  the  smaller  and  Elobey  Grande  the  larger. 
Pop.  350. 

ELOCUTION  (Latin  elocutio,  e,  out.  loqui, 
to  speak),  the  science  and  art  of  expression  by 
voice  and  action.   Though  expression  is  depend- 
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cnt  upon  the  thought  or  emotion  to  be  given, 
elocution  applies  only  to  the  manner  of  delivery. 
In  a  larger  sense  it  relates  to  all  forms  of  ex- 
pressive art,  such  as  music,  painting  or  sculp- 
ture; but  the  treatment  here  is  confined  to  its 
uses  in  human  action  and  speech.  As  a  science 
it  discovers  and  sets  forth  the  elements  or 
principles  of  expression;  as  an  art  it  embodies 
these  elements  in  the  portrayal  of  our  physical, 
mental  and  emotive  moods. 

The  principles  of  elocution  are  as  old  as 
the  human  race  and  are  exemplified  in  nature 
whenever  the  vibration  of  vocal  cords  produce 
sound  or  muscular  activities  reveal  a  psychic 
state.  They  are  heard  and  seen  in  animate 
nature,  and  their  proper  use  constitutes  that 
naturalness  so  desirable  in  public  speech.  The 
laws  governing  the  use  of  these  elements  are 
as  fixed  and  definite  as  those  of  other  well-es- 
tablished sciences,  and  a  violation  of  these,  laws 
results  in  unnatural,  ineffective  expression. 
The  relation  between  psychic  conditions  and 
the  elements  and  laws  through  which  im- 
pressions are  received  and  expressed  presents  a 
useful  and  consistent  philosophy  by  which  all 
students  of  the  art  of  expression  in  any  of  its 
forms  may  be  guided. 

Man  is  endowed  with  a  vital,  a  mental  and 
an  emotive  nature.  Through  these  three 
natures  he  receives  all  impressions,  and  through 
the  elements  of  elocution  corresponding  to 
these  triune  natures  he  must  communicate  all 
expression. 

PART  I. —  ELEMENTS  OF  VOCAL  EXPRESSION. 

There  arc  four  generic  vocal  elements  of 
elocution,  namely.  Quality,  Force,  Time  and 
Pitch,  all  of  which  are  embodied  in  every 
utterance,  while,  in  turn,  every  shade  of  human 
expression  may  be  traced  in  its  various  sub- 
divisions and  combinations.  A  tabular  view  of 
the  vocal  elements  is  given  on  p.  262. 

I.  Quality. —  Quality  is  the  tone-color  or 
kind  of  voice,  the  purity  or  impurity  of  the 
tone,  and  is  dependent  upon  the  size,  shape  and 
physical  condition  of  the  vocal  organs  and  cav- 
ities. Broadly  speaking  it  is  an  emotive  ele- 
ment which  subdivides  into  eight  varieties,  each 
having  a  definite  correspondence  to  man's  triune 
nature.  Each  quality  is  determined  by  its 
resonance,  which  Hclmholtz  defines  as  "the 
strengthening  or  reinforcing  of  sound8  in  the 
cavities  of  the  head,  throat  and  chest.  By 
changing  these  resonances  at  will  the  speaker 
can  employ  the  qualities  to  express  his  various 
moods  and  emotions. 

(1)  Normal. —  The  normal  is  the  ordinary, 
predominant,  characteristic  quality  of  voice 
peculiar  to  each  individual.  Its  resonance  is 
in  the  upper  and  back  part  of  the  mouth,  and 
the  tone  should  be  pure.  By  this  quality  we 
recognize  the  voices  of  different  persons.  It 
belongs  to  the  mental  division  and  is  the  natural 
expression  of  our  ordinary  thoughts,  such  as 
solemnity,  tranquillity,  mild  pathos,  conversa- 
tion, didactic  thought,  gladness,  and  joy. 

(2)  Orotund. —  Tbe  orotund  is  a  strong, 
clear,  deep,  voluminous  quality,  the  resonance 
of  which  is  in  the  upper  part  of  the  thoracic 
cavity.  It  represents  about  equally  the  mental 
and  vital  natures  and  is  used  to  express 
thoughts  and  emotions  of  a  lofty  nature,  such 
as  reverence,  sublimity,  grandeur,  courage, 
patriotism  and  oratorical  intensity. 
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(3)  Oral. —  The  oral  is  a  thin,  feeble,  shal- 
low quality  with  the  resonance  in  the  forward 
part  of  the  mouth.  It  is  the  physical  result  of 
a  low  state  of  inherent  or  exerted  vitality  and 
logically  belongs  to  the  vital  division.  It  is 
generally  used  by  a  speaker  in  a  personative 
sense  to  express  sickness,  feebleness,  idiocy, 
timidity  and  fatigue. 

(4)  Nasal. —  The  nasal  is  an  impure  twang- 
ing, head-tone  with  the  resonance  in  the  front 
nasal  cavities.  It  represents  a  vital  condition 
and  belongs  to  that  division.    As  an  habitual 
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quality  it  is  a  grave  detect  in  a  speaker.  Under 
control  of  the  will  it  may  be  used  in  an  imper- 
sonative  way  to  express  laziness,  mockery, 
burlesque  or  drollery;  and  in  more  serious 
thought,  it  is  often  employed  to  give  pungency 
to  irony,  insinuation  or  contempt. 

(5)  Falsetto  —  The  falsetto  is  a  pure,  shrill, 
penetrating  quality  ranping  above  the  ordinary 
pitch.  Its  resonance  is  in  the  uoper  part  of  the 
pharynx  and  it  belongs  to  the  vital  division. 
Its  use  shows  a  lack  of  physical  poise  and  ex- 
presses «rcat  excitement,  fright,  yelling,  scream- 
ing, calling,  etc. 


(6)  Guttural. —  The  guttural  is  a  harsh, 
grating,  impure  quality  the  resonance  of  which 
is  in  the  upper  part  of  the  throat.  It  repre- 
sents a  vital  condition  under  a  strong  emotion 
and  belongs  about  equally  to  the  vital  and  emo- 
tive natures.  It  is  used  to  express  the  malig- 
nant passions  such  as  malice,  scorn,  anger, 
revenge,  violent  hate  and  rage. 

(7)  Pectoral  —  The  pectoral  is  a  hollow, 
hoarse,  sepulchral  quality  with  the  resonance  in 
the  lower  part  of  the  chest.  It  is  emotive  in 
nature  ana  is  never  used  except  under  the 
influence  of  the  deepest  emotions  such  as  ven- 
eration, dread,  amazement  or  horror. 

(8)  Aspirate. —  The  aspirate  is  a  hissing, 
breathy,  whispered  quality  in  which  intensity 
of  emotion  forces  out  more  breath  than  can 
be  vocalized.  It  belongs  to  the  emotive  divi- 
sion. The  resonance  varies  according  to  the 
position  of  the  organs  and  resonant  cavities; 
and  its  use  ranges  from  the  gentlest  whisper  oi 
secrecy  or  caution  to  the  intense,  half -whispered 
emotions  of  fear,  terror  or  consternation. 

II.  Force. —  Force  is  the  power  or  energy 
with  which  sound  waves  are  sent  forth  from 
the  vocal  organs.  Figuratively  speaking,  it  is 
the  exploding  powder  back  of  the  projectile  and 
dearly  represents  the  vital  nature  in  speech. 
It  has  three  divisions. 

(1)  Form. —  Form  is  the  manner  of  exert- 
ing force,  the  smoothness  or  abruptness  with 
which  a  sound  or  word  is  begun  and  ended.  It 
reveals  the  sentiment  or  emotion  implied  and 
belongs  to  the  emotive  division.  It  has  three 
divisions  which  also  correspond  to  the  trim* 
nature  of  man. 

a.  Effusive. —  The  effusive  is  that  form  oi 
voice  in  which  the  sound  flows  forth  smoothly 
and  evenly  without  abruptness  of  force  either 
in  the  beginning  or  the  ending  of  the  tone.  It 
represents  the  emotive  nature  and  is  used  tn 
express  such  gentle  and  solemn  emotions  as 
pathos,  tranquillity,  reverence,  awe  or  sup- 
pressed fear. 

b.  Expulsive.—  The  expulsive  is  that  form  in 
which  the  force  is  applied  abruptly  causing  the 
sound  to  rush  forth  from  the  vocal  organs.  It 
is  the  ordinary1  form  and  represents  the  mental 
nature  in  the  expression  of  narration,  didactic 
thought,  gladness,  patriotism,  etc. 

c.  Explosive. —  The  explosive  is  that  form 
in  which  the  force  is  exerted  very  abruptly, 
causing  the  sound  to  burst  forth  from  the  vocal 
organs.  It  belongs  to  the  vital  nature  and  is 
used  to  express  those  emotions  in  which  great 
physical  vitality  is  aroused  such  as  in  the  cx- 
citment  of  ecstatic  joy,  great  earnestness,  de- 
fiance, alarm,  anger,  etc. 

(2)  Degree.— Degree  of  force  is  the  meas- 
ure or  power  with  which  sounds  are  uttered. 
Its  subdivisions  are  subdued,  moderate  and 
energetic,  all  of  which  correspond  to  the  vital 
nature  and  mark  the  degree  of  energy  used. 
This  scale  of  degrees  is  relative  and  dependant 
upon  individuality  and  the  acoustic  properties 
of  the  auditory  which,  in  turn,  depend  upon  the 
size  and  shape  of  the  room  and  whether  or  not 
it  is  filled  with  an  audience. 

(3)  Stress. —  Stress  is  the  application  of 
force  to  the  different  parts  of  a  sound  or 
syllable.  Any  chance  of  the  location  of  the 
strongest  impulse  of  force  from  one  part  of  a 
word  to  another  invariably  changes  the  mean- 
ing of  the  utterance;  hence  stress  responds  to 
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the  mental  division  of  man's  triune  nature. 
There  are  six  varieties  of  stress. 

a.  Radical. —  In  the  radical  stress  the  force 
is  applied  strongest  in  the  first  part  of  the 
sound.  It  is  the  ordinary  stress  representing 
the  mental  nature  and  is  expressive  of  didactic 
thought,  narration,  gaiety,  patriotism,  courage, 
etc. 

b.  Compound. —  In  the  compound  stress  the 
main  force  is  put  upon  the  first  and  the  last 
parts  of  the  sound.  It  represents  the  mental 
and  emotive  natures  and  expresses  any  irony  of 
purpose  or  insinuation  of  statement  such  as 
mockery,  satire,  sarcasm,  taunt,  derision,  etc. 

c.  Median. —  Median  stress  represents  the 
placing  of  the  force  chiefly  upon  the  middle 
part  of  the  sound.  It  belongs  to  the  emotive 
division  and  is  used  to  express  pathos,  sorrow, 
wailing,  reverence,  awe,  etc. 

d.  Final. —  In  the  final  stress  the  force  is 

? laced  mainly  upon  the  last  part  of  the  sound, 
t  represents  the  emotive  and  vital  natures  and 
expresses  self-assertion,  determination,  stub- 
borness,  courage,  ama2ement,  hate  or  revenge. 

e.  Thorough. —  The  force  continues  in  about 
the  same  intensity  throughout  the  sound  in  the 
thorough  stress  which  represents  the  vital 
nature  and  is  appropriate  in  the  expression  of 
calling,  command,  triumph,  shouting,  apostro- 
phe, lofty  appeal,  etc. 

f.  Intermittent. —  In  the  intermittent  stress 
the  force  is  placed  upon  periodic  parts  of  the 
sound  which  represents  a  physical  unsteadiness 
or  trembling  of  the  body;  hence  it  belongs  to 
the  vital  division.  It  is  used  to  express  laugh- 
ter, crying,  ecstatic  joy,  deep  sorrow,  tender- 
ness, sympathy,  extreme  fright  and  defiant 
courage. 

III.  Time. —  Time  is  the  duration  of  utter- 
ance and  relates  to  the  length  of  vocal  sounds, 
syllables  and  words,  the  rests  which  occur 
between  them  and  the  rate  of  speed  with  which 
they  are  given.  It  is  one  of  the  vital  generic 
elements  with  three  specific  divisions  which 
represent  the  three  psychic  natures. 

( 1 )  Pause.—  Pause  is  the  time  spent  be- 
tween the  impulses  of  the  voice  in  the  utterance 
of  sounds  and  syllables  or  between  words  or 
groups  of  words  in  speech.  By  correct  pausing 
words  arc  grouped  into  their  ideas,  hence  this 
clement  belongs- to  the  mental  division  of  the 
triune  nature.  Rhetorical  pauses  should  be 
used  (a)  Before  relative  pronouns  always  and 
conjunctive  words,  prepositional  phrases  and 
infinitive  phrases  generally ;  (b)  between 
words  of  a  scries,  words  marking  an  ellipsis  and 
clauses;  (c)  after  nominative  phrases,  words 
or  phrases  used  independently  and  words  of 
strong  emphasis  or  emotion;  (d)  before  and 
after  words  or  phrases  transposed  or  used  in 
apposition,  direct  quotations  and  parenthetical 
expressions. 

(2)  Quantity.—  Quantity  is  the  length  of 
time  given  to  the  utterance  of  sounds,  words 
and  syllables.  It  is  especially  adapted  to  the 
vocal  utterance  of  the  different  shades  of  feel- 
ing or  emotion  and  belongs  to  the  emotive 
division.  It  naturally  divides  into  (a)  long 
quantity  which  expresses  sorrow,  pathos,  rev- 
erence, sublimity,  apostrophe,  command,  calling, 
etc.;  (b)  medium  quantity  which  is  ordinarily 
used  to  express  narrative,  descriptive  and  di- 
dactic thought  and  all  unemphatic  words  of 
unemotivc  language;  and   (c)  short  quantity 


which  is  the  shortest  prolongation  of  sound 
consistent  with  the  requirements  of  articulation 
and  is  expressive  of  joy,  laughter,  impatience, 
contempt,  fright,  excited  anticipation,  etc. 

The  use  of  the  various  lengths  of  quantity 
depends  upon  the  length  of  the  inherent  pho- 
netic sounds  composing  the  words.  Long  quan- 
tity, especially,  should  never  be  placed  on  a 
short  sound. 

(3)  Movement. —  This  is  the  rate  or  degree 
of  rapidity  with  which  a  series  of  sounds  or 
words  or  a  sentence  is  given.  Since  the  vari- 
ous degrees  of  movement  arc  but  an  expres- 
sion of  the  physical  activities  of  speech  this 
element  belongs  to  the  vital  division  of  man's 
triune  nature.  Its  degrees  are  slow,  moderate 
and  rapid,  and  are  dependent  upon  the  indi- 
viduality of  the  speaker  and  the  acoustic  con- 
ditions. Very  naturally  the  inner  or  reflective 
life  requires  a  slow  utterance,  while  the  im- 
pulsive, lively,  joyous  moods  find  their  expres- 
sion in  rapid  movement,  and  the  ordinary 
states  of  mind  require  the  moderate  degrees. 

IV.  Pitch.— Pitch  is  the  range  or  compass 
of  voice  and  relates  to  the  location,  variation 
and  succession  of  notes  upon  the  scale  of  de- 
grees. It  has  three  specific  divisions  which  may 
be  subdivided  to  suit  greater  varieties  of  shad- 
ing in  expression.  Broadly  speaking,  it  is  men- 
tal in  significance  and  belongs  to  that  triune 
division. 

(1)  Degree. —  The  degree  of  pitch  is  the 
range  of  voice  from  the  lowest  to  the  highest 
tone,  and  the  position  in  that  range  given  to  a 
particular  note  or  word.  Its  subdivisions  are 
high,  middle  and  low,  which  may  be  further 
subdivided;  and  like  all  other  scales  of  degrees 
in  elocution  depends  upon  individuality  and 
acoustic  conditions.  The  degrees  of  pitch  mark 
plainly  the  speaker's  emotive  state,  and  the 
scale  ranges  from  the  deeply  serious  of  rever- 
ential emotions  of  low  pitch,  through  the  ordi- 
nary thought  of  middle  to  the  cry  of  excite- 
ment, joy,  alarm  or  defiance  of  high  pitch. 

(2)  Change. —  Change  is  the  transition  from 
one  degree  of  pitch  to  another  and  is  accom- 
plished by  a  concrete  glide  or  a  discrete  step. 
By  changes  of  pitch  we  convey  the  various 
shading  of  meaning  in  expression  and  thus 
represent  the  mental  nature.  There  are  three 
varieties  of  change  or  transition  which  corre- 
spond to  the  triune  classification. 

a.  Inflection.— Which  corresponds  to  the 
mental  nature  is  a  simple  concrete  change  of 
pitch  of  which  there  are  two  varieties,  rising, 
expressing  anticipation  or  questioning,  and  fall- 
ing, which  denotes  decision  and  conclusion. 

b.  Waves. — -Waves  are  emotive  and  consist 
of  two  or  more  inflections  united  in  a  con- 
tinuous concrete  movement.  They  may  be 
single,  composed  of  two  inflections;  double, 
composed  of  three;  or  continued,  made  up  of 
four  or  more  inflections,  all  of  which  are  used 
to  extend  the  vocal  quantity  without  overstep- 
ping the  interval  of  pitch  that  the  sentiment 
requires ;  and  they  represent  the  vital  nature. 
Waves  are  also  equal,  expressing  pleasantry;  or 
unequal,  implying  irony;  both  of  which  repre- 
sent the  emotive ;  and  direct,  expressing  asser- 
tion, and  inverted,  indicating  anticipation,  both 
of  which  are  representative  of  the  mental 
nature. 

c.  Intervals  — An  interval  is  the  distance 
between  two  points  on  the  scale  and  marks  the 
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length  of  the  vocal  slide  or  step  taken.  As  a 
measure  of  the  physical  act  of  vocalization  it 
belongs  to  the  vital  division.  The  five  relative 
intervals  of  pitch  are :  Semitones,  expressing 
plaintiveness  or  sorrow ;  seconds,  reverence  and 
sublimity;  thirds,  ordinary  conversation  and 
oratorical  thought;  fifths,  animated  conversa- 
tion and  triumph;  and  octaves  representing 
extreme  surprise,  horror  or  impassioned 
exclamation. 

(3)  Melody. —  Melody  is  the  succession  of 
speech-notes  in  utterance  and  represents  the 
vital  nature  in  the  vocal  placing  of  all  degrees 
and  changes  of  pitch  upon  the  scale.  There 
are  two  divisions. 

a.  Current  melody  relates  to  the  body  of 
the  sentence  and  is  made  up  of  monotones, 
ditoncs,  tritoncs  and  f>olytoncs,  all  of  which 
show  the  vital  notation  of  intervals  and  notes 
and  record  the  vocal  trend  in  speech  or  song. 
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b.  The  cadence,  which  is  that  part  of  melody 
which  gives  repose  at  the  close  of  a  sentence 
when  the  thought  is  complete.  Its  technical 
varieties  arc  (a)  the  monad,  in  which  the 
lowering  of  pitch  occurs  on  one  syllable;  (b) 
the  first  and  second  duads,  on  two  syllables; 
(c)  the  rising  and  falling  triads,  on  three  syl- 
lables; (d)  the  tetrad,  on  four;  and  (e)  the 
pentad,  on  five  syllables. 

The  distance  over  which  the  line  of  repose 
is  reached  is  dependent  upon  the  range  of  the 
current  melody. 

PART  II. — •  THE  PRINCIPLES  OF  ACTION. 

Action  in  elocution  is  that  part  of  delivery 
which  addresses  itself  to  the  eye.  The  main 
principles  of  gesture  and  position,  the  common 
property  of  students  of  expression  since  the 
days  of  the  ancient  Greeks,  were  set  forth  in 
the  '  Chironomia. '  a  voluminous  work  of  a 
century  ago.  by  Dr.  Gilbert  Austin,  of  London; 
but  the  eminent  French  psychologist.  Francois 
Delsarte,  was  the  first  to  show  the  relation  of 


the  whole  physical  activities  to  man's  triune 
nature  and  present  anything  like  a  philosophy 
of  actional  expression.  More  recent  writers 
have  presented  the  subject  in  textual  form  and 
made  it  practical  for  the  student.  Combining 
the  express^onal  use  of  the  hands  and  feet, 
as  explained  in  the  'Chironomia/  with  the 
zonal  correspondencies  of  Delsarte,  we  dismiss 
the  subject  by  referring  to  the  diagram. 

For  the  history  of  elocution  and  its  relation 
to  the  material  used  in  speaking,  sec  Oratory. 
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ELOHIM,  eT-6-hIm  or  e-ldTum  (plural  of 
Eloah),  one  of  the  Hebrew  names  tor  God, 
of  frequent  occurrence  in  the  Bible,  especially 
in  those  parts  of  the  Pentateuch  attributed  to 
the  earliest  writers  in  the  northern  domain  oi 
the  Semitic  race.  Elohim  is  used  in  speaking 
both  of  the  true  God  and  of  false  gods,  white 
Jehovah  is  confined  to  the  true  God.  The 
plural  form  of  Elohim  (literally  signifying  "the 
great  Eloah*  or  God)  has  caused  a  good  deal 
of  controversy  among  critics.  By  some  it  has 
been  considered  as  containing  an  allusion  to 
the  doctrine  of  the  Trinity,  others  regard  it  as 
the  plural  of  excellence,  while  others  hold  it 
as  establishing  the  fact  of  a  primitive  polythe- 
ism. This  word,  together  with  "Jehovah.9  has 
played  a  great  part  in  modern  criticism.  Critics 
have  professed  to  find  in  the  comparative  fre- 
quency of  the  two  terms  an  evidence  of  the  date 
of  the  manuscripts  in  which  they  occur;  but 
on  this  controversy  wc  cannot  enter.  Sec 
Elohist. 

ELOHIST,  el'6-hlst,  also  called  Yahwist, 
both  used  in  contradistinction  to  Jehovist  (q  v.). 
one  of  the  biblical  writers,  hypothctically  as- 
sumed to  have  written  part  of  the  Pentateuch, 
who  habitually,  if  not  exclusively,  used  the  He- 
brew name  Elohim  for  God.  The  Elohistic 
passages  in  the  Old  Testament,  as  determined 
upon  by  biblical  scholars,  are  simple,  straight- 
forward, and  bear  no  signs  of  rhetoric  or  poecjc 
effort,  therein  contrasting  with  the  Jehovistic 
ragraphs.  Gen.  i,  27  is  Elohistic;  Gen.  u, 
is  Jehovistic. 
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ELOISE,  il'6-ez,  Mich„  a  hospital  settle- 
ment in  Wayne  County,  on  the  Michigan  Cen- 
tral Railroad,  15  miles  from  Detroit.  Here  are 
situated  a  large  hospital,  an  infirmary  and  a 
sanitarium  These  are  controlled  by  the  Wayne 
County  Superintendent  of  the  Poor,  a  board 
established  in  1832.    Pop.  1,750. 

ELON  COLLEGE,  a  coeducational  insti- 
tution, situated  at  Elon  College,  64  miles  north 
of  Raleigh.  N.  C.  It  was  founded  under  the 
auspices  of  the  Christian  Church,  in  1889,  suc- 
ceeding the  Graham  Normal  College,  founded 
in  1865.  Courses  are  given  leading  to  the  de- 
grees of  bachelor  of  arts,  music,  philosophy 
and  literature;  and  master  of  arts.  The  ad- 
vanced degrees  of  doctors  of  literature, 
divinity  and  laws  are  also  awarded.  Certifi- 
cates are  given  in  music,  art,  expression  and 
domestic  science.  The  instructors  number  27, 
the  students  400.  The  library  contains  10,000 
volumes. 

ELONGATION,  in  astronomy,  the  angle 
that  measures  the  apparent  distance  of  two 
stars  as  seen  from  the  earth.  The  term  is, 
however,  by  usage  confined  exclusively  to  the 
distance  of  a  planet  from  the  sun,  and  of  a 
satellite  from  its  primary.  The  greatest  elon- 
gation of  Mercury  amounts  to  about  28  degrees 
30  minutes;  that  of  Venus  to  about  47  de- 
grees 48  minutes,  and  that  of  the  superior  plan- 
ets may  have  any  value  up  to  180  degrees. 
When  two  fixed  stars  or  planets  are  spoken  of 
the  word  "distance*  is  employed. 

ELOPEMENT,  in  law,  an  act  of  unlicensed 
departure,  especially  when  a  wife  forsakes  her 
husband  and  flees  with  a  paramour,  or  when  a 
daughter  or  ward  accepting  the  protection  of  a 
lover  leaves  her  natural  or  legal  guardians.  In 
almost  every  one  of  the  States,  the  male  prin- 
cipal in  an  elopement  is  held  guilty  of  an  abduc- 
tion provided  his  associate  in  the  act  is  under 
age.  Marriage,  however,  checks  all  consequent 
criminal  proceedings  unless  the  female  alleges 
coercion.  All  persons  guilty  of  aiding  or  abet- 
ting an  elopement  of  a  male  with  a  female  arc 
deemed  in  law  accessories,  and  liable  to  legal 
proceedings.  Elopers  themselves  are  not  safe 
from  arrest,  their  act  coming  within  the  pur- 
view of  the  criminal  statutes. 

ELOTHERIUM,  an  extinct  suilline  animal 
of  the  Lower  Miocene  Epoch,  remotely  related 
to  the  hippopotami  and  pigs.  The  skull  sug- 
gests that  of  the  hippopotamus,  but  it  has  a 
narrow  elongated  muzzle;  and  the  front  teeth 
resemble  those  of  the  carnivora  rather  than  the 
shearing  tusks  of  the  hippopotami  and  pigs. 
The  limbs  and  feet  are  tall  and  stilted,  the  lat- 
eral toes  reduced  to  small  rudiments,  as  in 
ruminants.  Different  species  ranged  in  size 
from  that  of  a  sheep  to  that  of  a  rhinoceros. 

ELPHINSTONE,  Mountstuart,  Fast  In- 
dian administrator:  b.  Scotland,  6  Oct.  1779;  d. 
Limpsficld,  Surrey,  20  Nov.  1859.  He  joined 
the  Bengal  civil  service  in  1795;  was  Ambassa- 
dor to  the  Afghan  court  in  1808;  resident  at  the 
court  of  Poonah  from  1810  to  1817;  and  British 
commissioner  to  that  province  from  1817  to 
1819,  when  he  became  lieutenant-governor  of 
Bombay.  During  a  government  of  seven  years 
he  established  a  code  of  laws,  lightened  taxes 
and  paid  great  attention  to  schools  and  public 
institutions.   He  resigned  in  1827.   A  college 


established  by  the  natives  was  called  after  him 
Elphinstone  College.  He  twice  declined  the 
governor-generalship  of  India  and  devoted  the 
remainder  of  his  life  to  literary  pursuits.  He 
was  the  author  of  an  'Account  of  the  Kingdom 
of  Cabul  and  Its  Dependencies'  (1815)  ;  and  a 
•History  of  India'  (1841). 

ELPHINSTONE,  William,  Scottish  prel- 
ate: b.  Glasgow  1431;  d  25  Oct.  1514.  Hav- 
ing gone  to  France  he  studied  law  for  three 
years,  and  was  appointed  professor  of  law, 
first  at  Paris  and  subsequently  at  Orleans.  He 
was  later  made  general  of  the  diocese  of  Glas- 
gow (1471);  rector  of  that  university  (1474); 
archdeacon  of  Lismore  (1478),  and  commis- 
sary of  the  Lothians,  and  in  1479  became  arch- 
deacon of  Argyle,  and  Privy  Councillor.  Soon 
after  he  was  made  bishop  of  Ross;  and  in  1483 
was  transferred  to  the  see  of  Aberdeen.  In 
1488  he  was  appointed  Lord  High  Chancellor  of 
the  kingdom.  In  October  of  that  year  he  as- 
sisted in  the  coronation  of  James  IV.  He  was 
afterward  sent  on  a  mission  to  Germany,  and 
on  his  return  was  installed  in  the  office  of 
Keeper  of  the  Privy  Seal,  which  he  held  till  his 
death.  In  1494  he  obtained  a  papal  bull  for  the 
erection  of  a  university  at  Aberdeen,  and 
King's  College  and  University  soon  came  into 
existence.  He  was  the  author  of  'Breviarium 
Aberdonense*  (1509-10,  reprinted  London 
1850). 

ELSBERG,  elz'berg,  Louis,  American  phy- 
sician: b.  Gcrlohn,  Prussia,  1836;  d.  in  the 
United  States  in  1885.  His  family  settled  in 
the  United  States  in  1849  at  Philadelphia.  He 
introduced  the  art  of  laryngoscopy  in  the 
United  States,  wrote  many  papers  on  the  throat 
and  its  diseases,  notably,  'The  Throat  and  the 
Production  of  the  Voice' ;  was  the  first  to  illus- 
trate the  character  of  undertones  and  divisions 
of  sound  in  articulation,  and  invented  many  in- 
struments which  are  used  in  surgical  treatment 
of  the  throat  and  car. 

ELSHEIMER,  elzTitm-cr,  Adam,  German 
painter:  b.  Frankfort-on-thc-Main  1578;  d. 
probably  at  Rome  1620,  called  the  "Roman 
Painter  of  Germany.1*  He  studied  in  Rome  and 
settled  there  while  still  very  young.  He  painted 
many  biblical  and  mythological  scenes  and  was 
a  master  of  landscape,  being  the  chief  German 
artist  of  the  end  of  the  16th  century  to  acclima- 
tize Roman  art  in  Germany.  Among  his  prin- 
cipal works  are  'Jupiter  and  Mercury  with 
Philemon  and  Baucis*;  'Joseph  in  the  Pit'; 
and  'Judith'  (at  Dresden)  ;  'Martyrdom  of 
Saint  Lawrence,'  and  'Flight  into  Egypt' 
(Munich);  his  portrait  and  'Triumph  of 
Psyche'  (Florence)  ;  many  landscapes  at 
Naples,  Venice  and  Madrid;  'Good  Samari- 
tan '  and  another  'Flight  into  Egypt'  (Louvre) 
and  a  large  collection  of  drawings. 

ELSIE  VENNER,  the  first  novel  of  Oliver 
Wendell  Holmes,  was  originally  published  as 
'The  Professor's  Story'  in  the  Atlantic 
Monthly  for  1860,  where  it  followed  'The  Pro- 
fessor at  the  Breakfast  Table.'  The  story  cen- 
tres about  a  young  woman  whose  nature  has  a 
strange  element  not  human,  which  she  acquired 
before  birth  when  her  mother  was  bitten  by  a 
rattlesnake.  The  author  aims  to  enforce  his 
ideas  regarding  heredity,  and  especially  regard- 
ing heredity  as  modifying  moral  responsibility 
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^— ideas  which  he  had  advanced  in  the  'Auto- 
crat* and  the  'Professor  at  the  Breakfast 
Table,'  and  which  had  been  vigorously  chal- 
lenged by  orthodox  New  Englandcrs.  His 
moralizing  is  not,  however,  obtrusive,  and  his 
strange  heroine  is  fascinating  and  not  in  the 
least  repulsive.  As  in  all  Dr.  Holmes'  novels, 
the  plot  is  of  the  old-fashioned,  obvious  sort, 
and  some  of  the  incidents  arc  almost  melodra- 
matic. The  humorous  and  realistic  picture  of 
New  England  village  life,  and  of  a  young  ladies' 
boarding  school  are  delightful,  and  some  of  the 
more  serious  scenes  are  portrayed  with  force. 
The  work  has  the  limitations  that  might  be  ex- 
pected from  an  author  who  began  to  write  fiction 
at  the  age  of  50,  and  who  was  by  nature  an 
essayist  and  a  social  philosopher  rather  than  a 
novelist ;  but  the  conception  is  striking,  and  the 
execution  not  unworthy.  The  story  has  a 
strange  power  of  impressing  itself  on  the 
reader  and  is  usually  remembered  longer  than 
many  novels  of  far  greater  technical  merit. 

William  B.  Cairns. 

ELSINORE.  el-si-nor',  or  ELSINEUR 
(Danish,  Hclsingor),  Denmark,  seaport,  on  the 
island  of  Zealand,  24  miles  northeast  of  Copen- 
hagen. The  town  has  a  charming  site,  with 
several  interesting  buildings,  notably  the  town 
hall  and  the  hospital.  Its  inhabitants  are  en- 
gaged chiefly  in  commerce  and  seafaring.  The 
castle  of  Kronborg,  built  about  1580,  is  the  chief 
defense  of  the  town.  It  is  a  Gothic- Byzantine 
edifice,  built  by  Frederick  II  in  the  boldest 
style,  and  is  said  to  be  one  of  the  finest  struc- 
tures of  its  kind  in  Europe.  Until  1857  tolls 
were  exacted  of  all  ships  navigating  the  strait. 
Scenes  in  Shakespeare's  'Hamlet*  arc  laid  here. 
It  is  now  chieflv  used  as  a  prison,  and  was  the 
lace  of  confinement  of  the  unfortunate 
latilda,  sister  of  George  III  of  England.  The 
manufactures  are  chiefly  fishing-nets  and  a 
coarse  cloth,  iron  founding,  shipbuilding, 
marine  engines  and  net  weaving.  It  has  a  good 
harbor,  with  excellent  dry-docking  facilities 
for  repairing  vessels.  Coal  is  imported  in 
great  quantities.  To  the  northwest  lies  the 
bathing  place  of  Marienlyst,  once  a  royal  sum- 
mer residence.    Pop.  13,783. 

ELSON,  Arthur,  American  musical  critic: 
b.  Boston,  18  Nov.  1873.  Son  of  Louis  C.  Elson 
(q.v.).  He  studied  music  with  his  father  and 
with  Prof.  J.  K.  Paine,  at  Harvard.  He  has 
degrees  from  Harvard  and  the  Massachusetts 
Institute  of  Technology,  and  has  been  promi- 
nent as  a  teacher.  His  chief  works  are  'A 
Critical  History  of  Opera1  (1901);  'Orches- 
tral Instruments  and  their  Use'  (1902); 
'Woman's  Work  in  Music'  (1903);  'Modern 
Composers  of  Europe'  (1904);  'Musical  Club 
Programmes  from  all  Nations'  (1907);  'The 
Book  of  Musical  Knowledge'  (1915);  and 
'The  Pioneer  School  Music  Course*  (1916). 
He  is  editor-in-chief  of  the  'Musician's 
Guide'  (10  vols.,  1913)  and  author  of  many 
musical  essays.  He  contributes  occasional  con- 
cert reviews  to  Boston  Advertiser  and  many 
articles  to  magazines. 

ELSON,  Henry  William,  American  author: 
b.  Muskingum  County,  Ohio,  29  March  1857; 
spent  early  life  on  farm;  took  classical  college 
course  at  Thiel  College,  Greenville,  Pa.,  after 
which  he  spent  three  years  in  the  Lutheran 
Theological  Seminary  at  Philadelphia  and  later 


two  years  in  the  University  of  Pennsylvania. 
After  six  years  in  Lutheran  pastorates,  at  Kit- 
tanning  and  Philadelphia,  Pa.,  he  left  the  active 
ministry  and  took  up  the  work  of  writer  on 
historical  subjects  and  lecturer  in  the  Univer- 
sity Extension  Society  of  Philadelphia.  In 
1912  Dr.  Elson  was  elected  a  member  of  the 
Constitutional  Convention  of  Ohio  in  which  he 
took  a  very  active  part  in  the  debates  and  pro- 
ceedings, especially  as  champion  of  the  short 
ballot  and  as  one  of  the  leaders  in  bringing 
about  a  reform  in  the  judicial  system  of  the 
State.  He  introduced  and  piloted  through  the 
proposal  to  enable  three-fourths  of  a  jury  to 
render  a  verdict  in  civil  cases.  This  was  made 
a  part  of  the  constitution  of  the  State.  Since 
1905  Dr.  Elson  has  been  the  head  of  the  his- 
tory department  in  Ohio  University  at  Athens. 
Ohio.  He  was  president  of  the  Ohio  Valley 
Historical  Association  in  1915-16. 

He  published  'Side  Lights  on  American 
History*  (2  vols.,  1898-99);  'History  of  the 
United  States*  (1  vol.,  1904);  'History  of 
the  United  States'  (5  vols.,  1906)  ;  'Guide  to 
American  History* ;  'Guide  to  English  His- 
tory* (1906-07)  ;  wrote  most  of  the  first  four 
volumes  of  the  10-volume  set  of  the  'Photo- 
graphic History  of  the  Civil  War'  (1911). 

ELSON,  Louis  Charles,  American  writer 
on  music:  b.  Boston,  Mass.,  17  April  1848. 
After  studying  music  at  Leipzig  he  returned 
to  Boston  and  has  been  a  teacher  and  lec- 
turer on  music  there  from  1880.  He  has 
been  musical  editor  of  the  Boston  Advertiser 
since  1888.  He  has  published  'Curiosities  of 
Music*  (1883);  'German  Songs  and  Song 
Writers*  (1886)  ;  'Our  National  Music  and  Its 
Sources'  (1896);  'Theory  of  Music*  (1890); 
'Realm  of  Music'  (1802)  ;  'European  Reminis- 
cences' (1893);  'Great  Composers*  (1897); 
'Shakespeare  in  Music'  (1900)  ;  'Famous  Com- 
posers and  Their  Works,'  new  scries  (1901). 
His  later  activities  have  been  wide-spread. 
He  has  twice  been  a  Lowell  Institute  lecturer, 
giving  one  course  of  eight  and  one  of  10  lec- 
tures before  that  institution.  He  has  been  city 
lecturer  of  Boston,  giving  about  250  lectures 
on  music  to  the  general  public  of  that  city,  as- 
sisted by  an  orchestra,  and  he  has  traveled  over 
the  United  States  and  Canada  with  musical  lec- 
tures. His  'Shakespeare  in  Music,'  and  'Great 
Composers'  have  been  reprinted  in  London. 
He  has  written  a  'History  of  American  Music* 
(1905)  and  a  revised  edition  of  the  same 
(1915);  'Mistakes  and  Disputed  Points  of 
Music*  (1912)  ;  and  he  is  editor-in-chief  of 
'The  University  Musical  Encyclopedia'  (10 
vols  ).  He  has  written  two  musical  diction- 
aries, numerous  magazine  articles,  and  is 
teacher  of  the  advanced  courses  in  theory  of 
music  at  the  New  England  Conservatory  of 
Music,  Boston. 

ELSSLER,  elzlcr,  Fanny,  Austrian  dancer: 
b.  Vienna.  23  June  1810;  d.  there,  27  Nov.  1884. 
She  was  the  daughter  of  fohann  Elssler, 
Haydn's  factotum,  and  was  educated  at  Naples 
for  the  ballet,  with  her  elder  sister  Theresa  (b. 
1808;  d.  1878).  who  in  1851  became  the  mor- 
ganatic wife  of  Prince  Adalbert  of  Prussia  and 
was  ennobled  Fannv  Elssler  during  her  visit 
to  the  United  States  gave  an  entertainment  in 
order  to  raise  money  for  the  Bunker  Hill  Monu- 
ment.   She  retired  in  1851. 
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ELSTER,  eTster,  two  German  rivers.  (1) 
The  White,  or  Great  Elster,  rising  in  the  west 
of  Bohemia,  flows  north  into  Saxony,  receives 
the  Pleissc  and  Parde  at  Leipzig,  and  joins  the 
Saale  between  Halle  and  Merseburg,  after  a 
course  of  about  115  miles.  It  is  navigable  for 
small  vessels  as  far  as  Leipzig.  (2)  The 
Black  Elster,  rising  in  Saxony,  flows  north  into 
Prussia,  then  northwest,  receives  the  Pulsnitz 
and  Roder,  and  joins  the  Elbe  between  Witten- 
berg and  Torgau,  after  a  course  of  about  130 
miles.    It  is  navigable  for  40  miles. 

ELSTRACKE,  Reginald  or  Ronald,  Eng- 
lish engraver:  b.  probably  in  London  and  lived 
there  early  in  the  17th  century.  His  plates  were 
made  with  the  graver  solely,  their  chief  value 
being  historical.  He  executed  portraits  of  Mary 
Queen  of  Scots,  Darnley  and  Queen  Elizabeth. 
Among  his  works  was  a  volume  of  32  plates 
called  '  Basiliologia :  a  Book  of  Kings,  being 
the  true  and  lively  effigies  of  all  our  English 
Kings  from  the  Conquest  until  this  present* 
(1618). 

ELSWICK,  elz'wik,  England,  suburb  of 
Newcastle,  containing  the  great  ordnance  works 
of  Sir  William  Armstrong,  Mitchell  and  Com- 
pany. These  works  are  probably  the  largest  of 
their  kind  in  Europe,  employing  in  normal  times 
about  14,000  persons.    Pop.  58,352. 

ELTON,  Charles  Isaac,  English  jurist  and 
archaeologist:  b.  Somerset  1839;  d.  Chard,  Som- 
erset, 23  April  1900.  He  was  educated  at  Ox- 
ford and  was  called  to  the  bar  in  1865.  He 
represented  West  Somerset  in  Parliament  as  a 
Conservative  1884-85  and  1886-92.  On  legal 
subjects  he  published  'Tenures  of  Kent* 
(1867);  'Commons  and  Waste  Lands*  (1868); 
'Copyholds  and  Customary  Tenures*  (1874-93); 
'Improvement  of  Commons  Bill'  (1876)  ;  'Cus- 
tom and  Tenant- Right'  (1882)  ;  and  'Robinson 
on  Gavelkind*  (1897).  Other  works  of  his  are 
'Norway,  The  Road  and  Fell'  (1864);  'The 
Career  of  Columbus'  (1892)  :  'The  Great  Book- 
Collectors'  (1893);  and  'Shelley's  Visits  to 
France*  (1894).  His  greatest  work,  however, 
is  his  'Origins  of  English  History'  (1882).  It 
is  chiefly  characterized  by  its  thorough  investi- 
gation of  the  evidence  furnished  by  Greek  and 
Roman  writers  regarding  the  condition  and  cir- 
cumstances of  early  Britain,  by  its  discussion  of 
the  ethnology  and  prehistoric  archaeology  of  the 
country,  ana  by  the  importance  assigned  to  the 
Celtic  and  even  pre-Celtic  clement  in  forming 
the  English  nation. 

ELTON,  James  Frederick,  English  ex- 
plorer: b.  3  Aug.  1840;  d.  13  Dec.  1877.  He 
entered  the  Indian  army  in  1857.  In  1871  he 
found  himself  in  the  Transvaal  and  Natal;  in 
1873  he  was  vice-consul  at  Zanzibar,  two  years 
afterward  as  consul  in  Mozambique  he  explored 
the  coast  of  East  Africa  for  the  sake  of  repress- 
ing the  slave  trade.  With  Cotterill  he  reached 
Lake  Nyassa  in  1877  and  scaled  the  Konde 
range  of  mountains  at  the  north  end  of  the 
lake,  to  the  height  of  10.000  feet.  After  his 
death  Cotterill  published  his  journal  under  the 
title  'Travels  and  Researches  among  the  Lakes 
and  Mountains  of  Eastern  and  Central  Africa' 
(1879). 

ELTON,  Oliver,  English  literarv  historian : 
b.  1861.  He  was  educated  at  Marlborough 
School  and  at  Corpus  Christi  College,  Oxford. 
From  1890  to  1900  he  was  lecturer  on  English 


literature  at  Owens  College,  Manchester,  and  in 
the  latter  year  became  professor  of  English 
literature  at  the  University  of  Liverpool.  He 
published  an  edition  of  Milton's  'Comus  and 
other  Poems';  'The  Mythical  Books  of  Saxo 
Grammaticus,'  'Historia  Danica.'  translated 
for  the  Folklore  Society;  'The  Augustan  Ages' 
(in  'Periods  of  European  Literature,'  18°9)  ; 
'Michael  Drayton'  (1906);  'Life,  Letters  and 
Writings  of  Frederick  York  Powell'  (1906); 
'Modern  Studies'  (1907);  'Survey  of  English 
Literature  from  1780  to  1830'  (1912)  ;  contribu- 
tions and  reviews  in  the  Manchester  Guardian, 
the  Quarterly  Review,  etc. 

ELTON,  a  shallow  lake  in  the  government 
of  Astrakhan,  in  Russia;  area,  60  square  miles. 
Eight  salt-water  streams  flow  into  this  lake, 
and  it  has  no  visible  outlet ;  thus  a  large  salt  de- 
posit rests  on  the  bed  of  the  lake.  From  about 
the  middle  of  the  17th  century  for  100  years, 
the  salt  from  this  lake  was  in  demand;  but  since 
the  opening  of  the  salt  fields  in  the  southern 
part  of  Russia  (1860)  the  Elton  salt  has  not 
been  on  the  market 

ELTZBACHER,  eltsT>aH-er,  Paul,  German 
jurist:  b.  1868.  He  was  educated  at  the  uni- 
versities of  Heidelberg,  Leipzig,  Strassburg  and 
Gottingen.  He  was  appointed  a  judge :  in  1900 
privatdozent  at  Halle,  and  in  1906  professor  of 
law  at  the  Berlin  Handclshochschulc.  He  has 
published  'Ueber  Rechtsbegriffe'  (1900);  'Die 
Handlungsfahigkeit'  (1903);  'Die  Unterlas- 
sungsklage*  (1906);  'Gross-berlincr  Mietsvcr- 
trage'  (1913).  His  best-known  work  is 
' Anarchismus'  (1900;  Eng.  trans,  by  Byington, 
1908),  the  most  complete  and  unbiased  treat- 
ment of  the  subject;  it  has  appeared  in  most 
modern  languages.  The  article  in  'Handbuch 
der  Politik'  on  anarchism  was  written  by 
Eltzbacher  in  1910. 

ELVAS,  al'vas  (Rom.,  Alpesa;  Moorish, 
Balesh),  Portugal,  the  strongest  fortified  city 
of  the  republic,  in  the  province  of  Alemtejo, 
near  the  Spanish  frontier,  10  miles  west  of 
Badajoz.  Standing  on  a  hill,  it  is  defended  by 
seven  large  bastions  and  two  isolated  forts. 
The  city  contains  a  1 5th  century  cathedral,  in 
which  are  housed  some  fine  paintings;  a  theatre, 
hospital  and  an  ancient  aqueduct  of  remarkable 
construction.  It  was  completed  in  1622.  Fire 
arms  and  jewelry  arc  the  only  articles  manu- 
factured. The  Moors  fortified  the  place  atid  the 
city  suffered  from  the  wars  between  the  Moors, 
Portuguese  and  Spaniards.  It  fell  to  Portugal 
in  1226,  was  taken  by  the  French  in  1808,  but 
was  ceded  to  Portugal  after  the  Convention 
of  Cintra.    Pop.  14,018. 

ELVES  (O.  Eng.,  oclf;  Germ.  Alp;  phan- 
tom, spirit),  imaginary  creatures  of  the  north- 
ern mythology,  forming,  according  to  some 
classifications,  with  the  undines,  salamanders  and 
gnomes,  groups  of  elementary  sprites  identified 
respectively  with  the  water,  fire,  earth  and  air. 
The  elves  are  of  the  air,  and  have  been  more 
widely  received  in  the  faith  and  poetry  of  Eu- 
rope under  this  name  than  under  that  of  sylphs, 
invented  by  Paracelsus.  They  arc  capricious 
spirits,  of  diminutive  size  but  preternatural 
power.  Their  stature  is  less  than  the  size  of  a 
young  girl's  thumb,  yet  their  limbs  are  most 
delicately  formed,  and  when  they  will  they  can 
hurl  granite  blocks,  bind  the  strongest  man  or 
shake  a  house.   They  are  divided  in  the  sagas 
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into  good  and  bad,  or  light  and  dark  elves,  the 
former  having  eyes  like  the  stars,  countenances 
brighter  than  the  sun,  and  golden  yellow  hair, 
the  latter  being  blacker  than  pitch,  and  fearfully 
dangerous.  The  elves  ordinarily  wear  glass 
shoes,  and  a  cap  with  a  little  bell  hanging  from 
it.  Whoever  finds  one  of  these  slippers  or  bells 
may  obtain  from  the  elf  who  has  lost  it  any 
thing  which  he  asks  for.  In  the  winter  they 
retire  to  the  depths  of  mountains,  where  they 
live  in  much  the  same  way  as  men,  and  in  the 
first  days  of  spring  issue  from  their  grottoes, 
run  along  the  sides  of  hills,  and  swing  upon  the 
branches  of  the  trees.  In  the  morning^ they 
sleep  in  blossoms  or  watch  the  people  who  pass  . 
by,  but  at  the  evening  twilight  they  meet  to- 
gether in  the  fields,  join  hands  and  sing  and 
dance  by  the  light  of  the  moon.  They  arc  gen- 
erally invisible,  but  children  born  on  Sunday 
can  see  them,  and  the  elves  may  extend  the 
privilege  to  whomsoever  they  please.  In  Eng- 
land and  Scotland  they  became  fairies  in  the 
former,  and  brownies  in  the  latter  country,  and 
were  subject  to  a  king  and  queen.  The  islands 
of  Stern  and  Rugen,  in  the  Baltic,  are  especially 
subject  to  the  king  of  the  elves,  who  rides  in  a 
chariot  drawn  by  four  black  horses,  and  whose 
passage  from  island  to  island  is  recognized  by 
the  neighing  of  the  steeds,  the  blackness  of  the 
water,  and  the  bustle  of  the  great  aerial  com- 
pany who  follow  in  his  train.  The  elves  some- 
times become  domestic  servants,  and  would  be 
valuable  as  such  if  they  were  less  easily  offended 
and  less  dangerous  after  taking  offense.  As 
long  as  their  caprices  are  gratified,  their  food 
ana  drink  regularly  left  at  an  appointed  place, 
and  no  attempt  made  to  interfere  with  their 
freedom,  the  furniture  is  sure  to  be  dusted,  the 
floor  to  be  swept  and  every  chamber  to  be 
perfectly  in  order.  But  the  brothers  Grimm,  in 
their  'Deutsche  Sagen,'  have  chronicled  the 
misfortunes  of  many  a  young  girl,  who,  having 
called  an  elf  to  her  aid,  repented  too  late  of 
having  offended  it. 

ELVIRA  COUNCIL  OR  SYNOD.  This 
council  was  held  at  Illibcris  or  Elvira  in  Gran- 
ada, Spain,  at  the  beginning  of  the  4th  cen- 
tury. Three  dates  arc  assigned,  May  15,  303, 
305,  309.  Felix,  bishop  of  Accis,  presided.  The 
town  is  no  longer  in  existence.  The  council 
was  attended  by  19  bishops  and  26  priests. 
Hosius  of  Cordova,  adviser<  of  the  Emperor 
Constantine,  was  the  most  important  person- 
age present.  Eighty-one  canons  were  adopted, 
which  reveal  the  fact  that  the  Spanish  Church 
was  largely  influenced  at  the  time  by  Noratian 
and  Montanist  teaching.  The  regulations  are 
many  of  them  very  stringent  and  are  largely 
negative  in  character.  They  deal  with  idolatry, 
marriage,  unchastity,  penance  and  the  prohibi- 
tion of  communion  to  specified  classes. 

ELWELL,  Frank  Edwin,  American  sculp- 
tor: b.  Concord,  Mass.,  15  June  1858.  His 
early  instruction  in  art  was  from  May  Alcott 
and  Daniel  C  French.  He  studied  subsequently 
at  the  School  of  Fine  Arts,  Paris,  the  Ghent 
Academy,  and  with  Falguiere  of  Paris.  He 
settled  in  New  York  soon  after  his  return 
home  in  1885.  His  principal  works  are  'Death 
and  Strength'  at  Edam,  Holland;  'Diana  and 
the  Lion,'  now  in  the  Chicago  Art  Institute; 
statue  of  General  Hancock  at  Gettysburg  bat- 
tlefield; 'New  Life,>  in  the  cemetery  of  Lowell, 
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Mass. ;  monument  to  Edwin  Booth,  Cambridge, 
Mass.;  'Charles  Dickens  and  Little  NelL'  at 
Philadelphia;  statues  of  Greece  and  Rome  on 
the  New  Customs  House,  New  York;  busts  in 
the  Senate,  Washington,  D.  C. ;  '  Water  Boy  of 
Pompey,'  in  the  New  York  Metropolitan 
Museum.  From  1902  to  1905  he  was  curator 
of  a  department  at  the  Metropolitan  Museum 
and  in  1910  was  chosen  director  of  the  School 
of  Applied  Design  for  Women,  New  York. 

ELWOOD,  Ind.,  city  in  Madison  County, 
on  the  Pittsburgh,  Cincinnati,  Chicago  and 
Saint  Louis  and  the  Lake  Erie  and  Western 
railroads,  about  50  miles  northeast  of  Indian- 
apolis. It  is  surrounded  by  an  agricultural  re- 
gion and  is  in  a  natural-gas  belt.  Its  industries 
are  chiefly  lumber,  flour,  tin-plate  mills,  window, 
iron  works,  saw  and  planing  mills,  brickyards, 
canneries,  plate  glass  and  lamp  chimney  and 
other  factories.  The  United  States  census  of 
manufactures  for  1914  showed  within  the  city 
limits  40  industrial  establishments  of  factory 
grade,  employing  2,216  persons,  1,969  being 
wage  earners,  receiving  annually  $1,484,000  in 
wages.  The  capital  invested  aggregated 
$4,624,000,  and  the  year's  output  was  valued  at 
$8,199,000:  of  this,  $2,507,000  was  the  value 
added  by  manufacture.  Its  shipping  trade  con- 
sists in  the  agricultural  products  of  the  sur- 
rounding country  and  the  articles  manufactured 
in  the  city.  The  city  maintains  a  public  library. 
Pop.  12.000. 

ELY,  Richard  Theodore,  American  politi- 
cal economist:  b.  Ripley,  N.  Y.,  13  April  1854. 
He  was  educated  at  Columbia  College  (A.B. 
1876.  A.M.  1879,  Fellow  in  Letters.  1876-79), and 
studied  at  the  universities  of  Halle,  Heidelberg 
(Ph.D.  1879)  and  Geneva;  Royal  Statistical 
Bureau,  Berlin.  1879-80;  LL.D.  Hobart  Col- 
lege, 1892.  He  was  head  of  the  department  of 
political  economy  at  Johns  Hopkins,  1881-92, 
when  he  became  professor  of  political  economy 
in  the  University  of  Wisconsin.  He  was  mem- 
ber of  the  Baltimore  Tax  Commission,  1885-86; 
of  the  Maryland  Tax  Commission,  1886-88,  and 
founded  the  American  Bureau  of  Industrial 
Research  in  1904  and  has  since  been  one  of  its 
directors.  He  was  one  of  the  founders  of  the 
American  Economic  Association,  1885;  its 
secretary,  1885-92;  its  twice  elected  president, 
1809-1901,  and  was  first  president  of  the  Ameri- 
can Association  for  Labor  Legislation,  1907-08. 
In  1913  he  was  appointed  lecturer  at  the  Lon- 
don University;  has  traveled  in  Great  Britain 
and  Ireland  and  Germany  investigating  land 
problems;  was  invited  in  1914  by  the  New 
Zealand  government  to  visit  New  Zealand; 
member  of  the  International  Statistical  Insti- 
tute. He  published  '  French  and  German  Social- 
ism in  Modern  Times'  (1883);  'Taxation  in 
American  States  and  Cities'  (1888)  ;  'Outlines 
of  Economies'  ( 1 893 ) ;  'Monopolies  and 
Trusts'  (1893);  'Socialism  and  Social  Reform' 
(1894)  ;  'Studies  in  the  Evolution  of  Industrial 
Society'  (1903);  'Property  and  Contract  in 
their  Relation  to  the  Distribution  of  Wealth' 
(1914)  ;  editor  of  'Macmillan's  Citizen's  Library 
of  Economics.  Politics  and  Sociology,'  also 
'Macmillan's  Social  Science  Text-books.' 

ELY,  Theodore  Newel,  American  civil 
engineer:  b.  Watcrtown,  N.  Y.,  23  June  1846. 
He  was  graduated  at  the  Rensselaer  Poly- 
technic Institute  in  1866.    From  1868  to  1910 
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he  was  a  member  of  the  engineering  department 
of  the  Pennsylvania  Railroad.  He  also  held 
directorships  in  the  Pennsylvania  Steel  Com- 
pany and  the  Cambria  Steel  Company;  was 
trustee  of  the  Drexel  Institute  and  director  of 
the  Philadelphia  Academy  of  Fine  Arts.  He 
is  honorary  member  of  the  American  Institute 
of  Architects  and  vice-president  of  the  Ameri- 
can Academy  in  Rome.  In  1904  he  was  presi- 
dent of  the  Eastern  Railroad  Association. 

ELY,  England,  an  episcopal  city  in  the 
county  of  Cambridge,  about  15  miles  northeast 
of  Cambridge,  on  the  Ouse.  The  place  is  noted 
for  its  cathedral,  one  of  the  most  remarkable 
edifices  of  the  kind  in  England.  It  was 
founded  in  1083  and  displays  in  itself  all  the 
styles  of  architecture  from  early  Norman  to 
late  Perpendicular.  It  is  a  cruciform  building, 
537  feet  long  and  190  feet  across  the  transepts. 
The  nave  is  208  feet  long  and  the  tower  215 
feet  high.  It  occupies  the  site  of  a  monastery 
founded  about  the  year  673  by  Saint  Etheldreda 
(or  Audry),  daughter  of  Anna,  king  of  East 
Anglia.  Its  ancient  history  is  most  interesting. 
In  1071,  Hercward,  the  noted  English  outlaw, 
defended  Ely  against  the  Normans.  (See 
Hereward).  Market  gardening  and  fruit  pre- 
serving are  among  the  important  industries. 
Pop.  7,917.  Consult  Van  Rensselaer,  'English 
Cathedrals';  Bond.  F..  'English  Cathedrals'; 
Stewart,  Architectural  History  of  Ely 
Cathedral.  > 

ELY,  Minn.,  city  and  summer  resort  in 
Saint  Louis  County,  115  miles  northeast  of 
Duluth,  on  the  Duluth  and  Iron  Range  Rail- 
road. It  is  in  the  centre  of  the  Vermilion  Iron 
Range,  and  nearby  are  several  lakes  and  water- 
falls. There  is  a  large  trade  in  fish,  furs,  lum- 
ber and  iron.  The  government  is  vested  in  a 
mayor,  elected  annually,  and  a  board  of  alder- 
men. The  city  has  a  fine  high-school  building 
and  city  hall,  and  owns  the  waterworks  and 
electric-lighting  plants.   Pop.  3,572. 

ELY,  Isle  of,  a  district  in  England,  in  the 
county  of  Cambridge,  separated  on  the  south  by 
the  Ouse  from  the  remaining  portion  of  the 
county  and  forming  in  itself  an  administrative 
county;  area,  283,073  acres.  It  rests  about  100 
feet  above  the  general  level  of  the  fen  country, 
and  was  formerly  surrounded  by  marshes, 
which  at  times  became  sheets  of  water.  The 
whole  has  by  drainage  been  converted  into 
fertile  fields  and  is  a  most  productive  fruit- 
growing district.    Pop.  69,752. 

ELYMAS.    See  Bar-Jesus. 

ELYOT,  ell'-ot.  Sir  Thomas,  English 
author:  b.  Wiltshire  not  later  than  1490;  d. 
Carlton.  Cambridgeshire,  20  March  1546.  In 
1511  he  became  clerk  of  assize,  in  1523  clerk  of 
the  king's  council.  In  1531-32,  as  Ambassador 
to  Charles  V,  he  visited  the  Low  Countries  and 
Germany,  having  orders  to  procure,  if  pos- 
sible, the  arrest  of  Tyndalc.  'The  Boke  named 
the  Goucrnour,  dcuised  by  Sir  Thomas  Elyot, 
Knight,'  was  published  in  1531.  It  may  be 
described  as  the  earliest  treatise  on  moral  phi- 
losophy in  the  English  language,  the  author's 
principal  object  being  "to  instruct  men  in  such 
vertues  as  shall  be  expedient  for  them  which 
shall  have  authorise  in  a  wealc  publikc.)i,  An 
elaborate  10th  edition  appeared  in  1880,  with 
life  notes  and  glossary  by  H.  H.  S.  Croft. 


Eryot's  12  other  works  include  'Of  the  Knowl- 
edge which  maketh  a  Wise  Man'  (1533) ;  'Pas- 
quil  the  Plaync'  (1533);  Isocrates',  'Doctrinal 
of  Princes'  (1534)  ;  Picus  de  Mirandola's 
'Rules  of  a  Christian  Lyfc»  (1534);  'The 
Castel  of  Helth'  (1534);  'The  Bankette  of 
Sapience'  (1534);  \ Bibliotheca'  (1538),  the 
first  Latin-English  dictionary;  'The  Image  of 
Governance*  (1540)  ;  'Defence  of  Good  Wo- 
men' (1545);  and  'Preservative  against  Deth* 
(1545).  _  These  books  went  through  edition 
after  edition  in  their  author's  lifetime,  and  have 
now  become  among  the  rarest  treasures  of 
book  collectors. 

ELYRIA,  Ohio,  city  and  county-seat  of 
Lorain  County,  on  the  Black  River  and  on 
the  Baltimore  and  Ohio  and  Lake  Shore  and 
Michigan  Southern  railroads,  25  miles  south- 
west of  Cleveland  It  has  a  public  library,  a 
hospital  and  a  fine  natural  park.  Agriculture  is 
the  chief  industry  of  the  surrounding  country; 
the  sandstone  quarries  furnish  employment  to 
a  number  of  people.  The  chief  manufactures 
in  the  city  are  supplies  for  automobiles  and 
bicycles,  saddles,  telephones,  home-lighting 
plants,  flour,  feed,  canned  goods,  concrete 
blocks,  moldings,  paints,  metal  polish,  switch- 
boards, screws,  machine  parts,  iron  pipe,  angle 
iron,  strip  steel,  etc  The  United  States  census 
of  manufactures  for  1914  showed  within  the 
city  limits  63  industrial  establishments  of  fac- 
tory grade,  employing  3,236  persons ;  2,735  being 
wage  earners,  receiving  $1,759,000  annually  in 
wages.  The  capital  invested  aggregated  $9,485,- 
000,  and  the  year's  output  was  valued  at 
$8,792,000:  of  this,  $3,776,000  was  the  value 
added  by  manufacture.  The  waterworks  are 
cwned  by  the  city.    Pop.  17,396. 

ELYSEE,  Palais  de  1',  pa-la  de  la-le-zi,  the 
official  residence  of  the  President  of  France,  in 
Paris,  on  the  Rue  du  Fauburg  Saint  Honore, 
with  its  garden  extending  to  the  Champs 
Elysecs.  It  was  built  in  1718  for  the  Count 
d'Evreux;  in  the  reign  of  Louis  XV  it  became 
state  property  and  was  the  residence  of 
Madame  de  Pompadour.  It  was  also  used  as 
a  residence  by  Napoleon  I  and  by  Louis  Na- 
poleon^ and  became  the  presidential  residence 

ELYSIAN  FIELDS,  or  ELYSIUM,  in 

classical  mythology,  the  residence  of  the  blessed 
after  death.  Elysium  was  supposed  by  Homer 
to  have  been  at  the  western  end  of  the  earth; 
other  poets  placed  it  in  the  Fortunate  Isles; 
later  it  was  supposed  to  be  in  the  under  world. 
It  was  represented  as  a  region  of  perfect  hap- 
piness, where  the  sky  was  always  cloudless  and 
a  celestial  light  shed  a  magic  brilliancy  over 
every  object;  where  each  one  was  free  to  fol- 
low his  favorite  pursuit,  and  cares  and  infirm- 
ities were  unknown. 

ELZE,  cTts£,  Karl,  German  historian  of 
literature:  b.  Dessau,  22  May  1821 ;  d.  Halle,  22 
Jan.  1889.  His  specialty  was  English  literature, 
and  he  was  professor  of  English  philology  in 
the  University  of  Halle  1875-89.  One  of  his 
first  works  was  a  compilation  entitled  a  'Treas- 
ury of  English  Song.'  He  produced  critical 
editions  of  Shakespeare  and  other  English 
dramatists,  and  wrote  biographies  of  Byron  and 
other  English  authors.  Specially  noteworthy  is 
his    'Grundniss    der    englischen  Philologie' 
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(1877).  <Westward>  (1860)  contains  transla- 
tions of  English  and  American  poems. 

ELZEVIR,  el'zevlr,  name  of  a  notable 
family  of  printers  descended  from  Ludovic 
Elsevier  or  Elzevicr,  Latinized  Elzeverius,  a 
native  of  Louvain :  b.  1540;  d.  1617.  Having 
learned  the  bookbinders'  trade,  he  practised  it 
for  some  years  in  his  native  town,  but  in  1580 
he  removed  to  Lcyden  ir>  the  United  Provinces 
and  there  set  up  a  printing  press.  His  five  sons, 
Matthew,  Ludovic,  Egidy,  Joost  and  Bona- 
ventura,  were  also  printers  and  booksellers ;  but 
it  was  the  youngest  of  the  five,  Bonaventura, 
born  1583  at  Leyden,  that  gave  the  name 
Elzevir  its  great  celebrity.  The  first  work  pub- 
lished by  the  house  of  Elzevir  appeared  in 
1583,  the  'Ebraicae  Quaestiones  et  Rcsponsiones* 
of  Drusius,  not  the  whole  three  books,  but  only 
the  second  and  third.  In  1608,  nine  years  before 
his  father's  death,  Bonaventura  Elzevir  founded 
a  separate  printing  and  publishing  establishment 
in  the  same  city  and  then  commenced  the  issue 
of  works  in  Greek,  Latin  and  other  languages 
which  have  ever  since  been  regarded  as  models 
of  correct  and  elegant  typography.  He  con- 
ducted the  business  of  his  house  more  than  42 
years,  till  his  death  in  1652,  having  had  as  part- 
ner from  1626  Abraham  Elzevir,  his  nephew, 
whom  he  survived  one  month.  He  was  suc- 
ceeded by  his  son  Daniel  and  Abraham's  son 
John;  this  partnership  was  soon  dissolved, 
John  carrying  on  the  business  in  Leyden,  Daniel 
migrating  to  Amsterdam  in  1655  and  entering 
into  partnership  there  with  another  of  his  cous- 
ins ;  both  of  these  were  dead  1680.  The  last  of 
the  Elzevirs  to  figure  in  the  history  of  typog- 
raphy was  Abraham,  son  of  Abraham,  one  of 
the  five  sons  of  Ludovicus ;  from  1681  to  1712 
he  was  printer  to  the  University  of  Leyden. 
The  Elzevir  editions  of  the  ancient  classics, 
especially  Latin,  while  admirable  in  point  of 
typography,  arc  mostly  reproductions  of  the 
texts  adopted  by  previous  printers  and  hence 
arc  inferior  from  the  critical  point  of  view. 
The  number  of  works  published  by  the  different 
Elzevir  houses  ncars  the  2,000  mark. 

EMANCIPATION,  the  act  by  which  free- 
dom of  various  kinds  is  granted  to  individuals, 
races  or  nations.  In  Roman  law  the  dissolu- 
tion of  paternal  authority  (palria  potestas)  in 
the  lifetime  of  the  father.  It  took  place  in  the 
form  of  a  sale  by  the  father  of  the  son  to  a 
third  party,  who  manumitted  him.  The  Twelve 
Tables,  the  foundation  of  Roman  law,  required 
that  this  ceremony  should  be  gone  through 
three  times.  In  general,  the  son  was  at  last 
resold  to  the  father,  who  manumitted  him,  and 
thus  acquired  the  rights  of  a  patron  which 
would  otherwise  have  belonged  to  the  alien 
purchaser  who  finally  manumitted  him.  In  the 
cast-  of  daughters  and  grandchildren  one  sale 
was  sufficient.  This  form  of  emancipation  con- 
tinued in  the  Empire  until  the  time  of  Justinian, 
who  substituted  a  declaration  by  the  father 
before  a  proper  tribunal.  This  emperor  also 
changed  the  succession  law,  by  making  kinship 
by  blood  decisive.  According  to  Teutonic  law 
the  marriage  of  a  daughter  freed  her  from 
parental  control  and  a  son  became  free  upon 
setting  up  a  home  of  his  own.  In  modern 
states  liberty  from  parental  authority  comes  on 
attaining  full  age.  If  a  person  receives  his 
freedom  before  attaining  full  age  he  is  said 


to  be  "emancipated.*  For  full  information  on 
this  question  it  is  necessary  to  consult  the  vari- 
ous codes.  The  Catholic  Emancipation  Act 
was  the  act  signed  13  April  1829,  which 
removed  the  most  galling  of  the  Roman 
Catholic  disabilities  in  England.  See  Emanci- 
pation, Cathouc;  Emancipation  Proclama- 
tion ;  Slavery. 

EMANCIPATION,  Catholic,  the  custom- 
ary designation  of  a  measure  of  relief  from 
penalties  and  civil  disabilities  granted  to  pro- 
fessors of  the  Catholic  religion  in  England  and 
Ireland  by  acts  of  the  British  Parliament  1829: 
the  act  did  not  extend  to  Scotland.  The  neces- 
sity  of  granting  relief  to  the  Catholics  of 
Ireland  became  apparent  soon  after  the  out- 
break of  the  war  against  the  American  colonies, 
and  the  first  relaxation  of  the  penal  laws  against 
the  professors  of  the  Catholic  religion  was 
made  in  1780.  At  that  time  it  was  high  treason 
for  a  priest,  native  of  the  kingdom,  to  perform 
any  of  the  duties  of  his  office.  Catholics  could 
not  own  land  in  fee.  Roman  Catholics  whose 
titles  to  land  antedated  the  penal  laws  were 
ousted  if  the  legal  heir  professed  Protestantism. 
A  Catholic  could  not  practise  law,  nor  conduct 
a  school.  In  1780  a  bill  for  removal  of  some 
of  the  disabilities  was  passed  for  England  and 
Ireland.  When  the  act  of  union  of  the  king- 
dom of  Ireland  with  that  of  Great  Britain  was 
passed  in  the  Irish  Parliament  1800,  solemn 
pledges  were  given  by  the  British  Cabinet  that 
the  disqualifying  statutes  should  be  repealed; 
but  after  the  union  the  promise  was  ignored 
In  1824  in  Ireland  was  formed  the  Catholic 
Association  to  agitate  for  civil  rights,  such  as 
the  right  to  vote  for  members  of  the  Parlia- 
ment, to  be  elected  members  of  the  same  and 
to  occupy  various  offices  in  the  government,  na- 
tional and  local.  In  1829  it  was  seen  by  English 
statesmen  that  to  withhold  these  rights  and 
franchises  any  longer  would  provoke  a  rebel- 
lion in  Ireland;  and  a  bill  of  relief  was  intro- 
duced in  the  Parliament  5  March,  and  passed 
in  both  houses  and  approved  by  King  George 
IV  13  April,  permitting  Catholics  to  elect  and 
be  elected  to  the  Parliament,  and  to  hold  offices 
under  the  Crown ;  but  they  remained  still  ex- 
pressly excluded  from  certain  high  offices  — 
that  of  lieutenant-governor  of  Ireland,  that  of 
regent  of  the  universal  kingdom,  or  lord  chan- 
cellor of  the  United  Kingdom,  or  of  Ireland, 
etc.  In  1867  the  last  named  disability  was  re- 
moved, as  was,  many  years  after,  the  disability 
of  a  Catholic  to  be  lord  chancellor  of  the  United 
Kingdom.  But  the  Act  of  Grace  of  1829  con- 
tained a  clause  forbidding  Catholic  ecclesiastics, 
monks,  friars  and  nuns  from  wearing  the  at- 
tire or  habit  of  their  respective  station  or  order 
in  public  under  a  penalty  of  $250  for  each  of- 
fense. This  proviso  was  ostentatiously  violated 
in  Ireland,  and  with  impunity,  for,  like  the  $500 
forfeiture  for  violation  of  the  Ecclesiastical 
Titles  Acts  fq.v.),  no  penalty  was  ever  exacted 
Another  clause  of  the  Catholic  Emancipation 
Act,  which  was  also  ignored  and  condemned, 
required  that  Jesuits  and  members  of  religious 
orders  of  the  Roman  Catholic  Church  living 
within  the  kingdom  should  register  in  the  office 
of  the  clerk  of  the  peace  of  the  county  under  a 
penalty  of  $250.  (See  O'Connell,  Daniel) 
Consult  Butler,  "Historical  Memoirs*;  Milncr, 
•Supplementary  Memoirs*;  Lingard,  'History 
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EMANCIPATION,  LATIN-AMERICA  —  I 

of  the  Church  in  England' ;  Green,  1  History 
of  England.1 

EMANCIPATION  IN  LATIN-AMER- 
ICA, the  Manumission  of  Slaves  in  Relation 
to  the  several  Declarations  of  Independence.  In 
Haiti,  where  African  slavery  was  first  intro- 
duced into  America,  the  negroes  received  as  a 
gift  "the  full  liberty,  equality,  and  fraternity" 
of  the  French  republic  in  1794,  and  by  fighting 
established  their  independence  in  1804.  In  Cen- 
tral America  (when  Guatemala,  Salvador,  Hon- 
duras, Nicaragua,  and  Costa  Rica  were  united 
in  the  Central  American  republic),  the  laws  of 
31  Dec.  1823  and  17  and  24  April  1824  emanci- 
pated all  slaves,  and  made  free,  slaves  of  other 
countries  coming  to  Central  America.  The 
slave  trade  was  prohibited,  under  penalty  of 
forfeiture  of  the  rights  of  citizenship.  H.  H. 
Bancroft,  in  his  'History  of  the  Pacific  States,' 
says  "Of  all  the  nations  of  North  America, 
to  the  Central  American  republic  belongs  the 
honor  of  having  first  practically  abolished  slav- 
ery.* Wc  shall  presently  show,  however,  that 
this  distinction  fairly  belongs  to  Mexico. 
Ecuador,  which  made  its  first  effort  to  gain 
independence  at  Quito,  10  Aug.  1809,  and  act- 
ually threw  off  the  yoke  of  Spain  on  9  Oct. 
1820,  abolished  slavery  during  the  presidential 
term  of  General  Urvina,  1852-56.  The  Argen- 
tine nation  began  its  struggle  for  independence 
25  May  1810,  and  at  the  Congress  of  Tucuman, 
9  July  1816,  the  formal  separation  from  Spain 
was  declared.  Article  XV  of  the  constitution 
of  25  Sept.  1860  provides  that  "there  shall  be 
no  slaves  in  the  Argentine  nation.  Those  few 
who  now  exist  in  it  shall  become  free  at  the 
very  moment  this  constitution  goes  into  effect. 
The  indemnification  which  the  declaration  may 
involve  shall  be  provided  for  by  special  law. 
Any  contract  involving  the  purchase  or  sale  of 
a  person  shall  be  held  to  be  a  criminal  offense. 

.  .Slaves  introduced  in  any  way  what- 
ever into  the  country  shall  become  free  by 
virtue  of  the  fact  that  they  have  trodden  the 
soil  of  the  republic*  In  Colombia  (New 
Granada)  the  number  of  negroes  was  never 
very  great;  it  was  estimated  at  80,000  in  the 
middle  of  the  19th  century.  The  struggle  for 
independence,  beginning  20  July  1810,  or  as  a 
vigorous  insurrection  in  1811,  was  continued 
after  the  union  with  Venezuela  (December 
1819),  and  the  republic  of  New  Granada  was 
formed  in  1831.  In  1821  a  law  was  passed  by 
the  republic  of  Colombia  for  the  gradual  manu- 
mission of  slaves,  and  all  born  after  that  date 
were  declared  free  at  the  age  of  18,—  that 
gradual  process  applying,  of  course,  to  all  the 
territory  of  the  Greater  Colombia  at  the  time 
of  the  law's  enactment.  (See  Colombia,  His- 
tory). A  law  of  1851  abolished  slavery  entirely 
in  New  Granada,  by  giving  liberty  to  all  who 
remained  slaves  on  1  Jan.  1852,  provision  being 
made  for  the  payment  of  indemnity  to  the 
owners.  The  beginning  of  the  war  for  inde- 
pendence in  Mexico  dates  from  16  Sept.  1810 
see  Dolores,  el  Grito  de)  ;  on  6  Nov.  1813  the 
rst  Mexican  Congress,  installed  in  the  town  of 
Chilpancingo,  issued  the  declaration  of  inde- 
pendence and  decreed  the  emancipation  of 
slaves.  This,  therefore,  was  the  starting  point 
of  emancipation  on  the  mainland  of  America. 
Venezuela's  declaration  of  independence  (5 
July  1811)  was  followed  after  10  years  by  the 
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law  for  the  gradual  manumission  of  slaves 
which  we  have  mentioned  above,  that  is,  the 
law  of  the  Greater  Colombia  of  1821.  Para- 
guayan independence  should  be  dated  from  11 
June  1811,  when  an  assembly  of  deputies  began 
its  sessions;  for  the  resolution  passed  by  this 
assembly,  renouncing  allegiance  to  Spain,  was 
ratified  as  a  declaration  of  independence  by  the 
Paraguayan  Congress  of  1  Oct.  1813.  The  ques- 
tion of  African  slavery  was  comparatively 
unimportant  in  Paraguay.  "In  1865  there  were 
negroes  and  mulattoes  at  Emboscada,  Tabapy, 
and  Arcgui ;  but  the  negroes  have  now  almost 
completely  disappeared"  ('Handbook  of  Para- 
guay,' September  1902,  issued  by  International 
Bureau  of  the  American  Republics).  Chile 
entered  upon  a  contest  with  Spain  on  18  Sept. 
1810,  and  the  independence  of  the  country  was 
proclaimed  12  Feb.  1818.  The  negro  problem 
did  not  weigh  upon  that  country,  the  popula- 
tion being  recruited  from  Europe  quite  largely. 
The  independence  of  Peru  was  declared  at 
Lima  28  July  1821 ;  that  of  the  Dominican 
republic  1  Dec.  1821 ;  that  of  Brazil  7  Sept.  1822  ; 
and  Bolivia  became  an  independent  republic  6 
Aug.  1825.  In  Brazil  the  conservative  states- 
man, Silva  Paranhos,  obtained  from  the  Parlia- 
ment the  passage  of  a  bill  (28  Sept.  1871)  for 
the  gradual  extinction  of  slavery,  which  pro- 
vided that  thereafter  every  child  born  of  a  slave 
mother  should  be  free,  and  created  a  special 
fund  for  emancipation  by  redemption.  Private 
philanthropy,  largely  directed  by  the  Masonic 
lodges,  effected  more  than  the  fund  created  for 
this  purpose;  and  the  number  of  slaves  began 
to  decrease.  A  bill  for  the  immediate  and  un- 
conditional abolition  of  slavery  iu  Brazil  was 
signed  by  Princess  Regent  Isabel  13  May  1888; 
the  monarchy  was  overthrown  15  Nov.  1889; 
the  new  constitution  approved  24  Feb.  1891. 
In  Cuba  the  slaves  were  emancipated  on  the 
conclusion  of  the  Ten  Years*  War,  that  is,  in 
1878,  and  Cuba  became  a  republic  20  May  1902. 
The  experiences  of  the  French,  Danish  and 
British  possessions  may  be  referred  to  briefly 
in  conclusion.  Napoleon  restored  slavery  in 
French  Guiana,  Martinique  and  Guadeloupe, 
although  his  efforts  to  accomplish  the  same  re- 
sult in  Haiti  were,  as  mentioned  above,  frus- 
trated bv  the  resistance  of  the  blacks  them- 
selves. The  freedom  of  all  who  were  held  in 
bondage  throughout  the  French  dominions  was 
declared  in  1848,  Slavery  in  the  Danish  West 
Indies  (Saint  Thomas,  etc.)  was  abolished  also 
in  1848.  The  act  to  abolish  slavery  throughout 
the  British  colonics,  providing  £20,000,000  for 
compensation  of  the  owners,  was  dated  28 
Aug.  1833,  and  its  effect  was  to  free  770,280 
slaves  on  1  Aug.  1834,  the  number  thus  emanci- 
pated in  Jamaica  being  309,000. 

Marriom  Wilcox. 

EMANCIPATION  PROCLAMATION, 

the  announcement  issued  by  Abraham  Lincoln 
1  Jan.  1863  abolishing  slavery  in  all  military 
sections  of  the  South  except  those  territories 
occupied  by  Union  arms.  The  Republican  ad- 
ministration at  the  outbreak  of  the  Civil  War 
was  awkwardly  placed  for  dealing  with  slavery. 
To  assail  it  in  its  own  territory  was  not  only  to 
belie  the  past  professions  of  the  party,  but  to 
alienate  so  much  Northern  support  as  to  assure 
failure;  nor  indeed  had  the  great  bulk  of  the 
party  any  thought  beyond  fettering  the  slave 
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power  for  future  aggression.  On  the  other 
hand,  to  leave  slavery  untouched  was  not  only 
to  chill  the  energies  of  the  most  reliable  up- 
holders of  the  War,  but  to  give  foreign  coun- 
tries a  pretext  for  asserting  that  the  North  was 
fighting  merely  for  dominion,  and  that  the 
Southern  cause  was  that  of  liberty  and  morally 
entitled  to  help.  The  former  horn  of  the  di- 
lemma was  much  the  sharpest ;  and  the  govern- 
ment moved  very  cautiously,  restraining  its 
subordinates  like  Fremont  (30  Aug.  1861)  and 
Hunter  (9  May  1862)  from  forcing  its  hand  by 
emancipation  orders.  On  9  Aug.  1861  an  act 
had  declared  masters  employing  slaves  against 
the  government  barred  from  further  claim  to 
them ;  but  that  was  a  mere  warning  and  rule 
of  court.  The  first  embarrassing  problem  was 
how  to  deal  with  slaves  in  conquered  districts, 
or  who  had  come  within  its  lines :  was  the  gov- 
ernment to  act  as  slaveholders'  trustee  and  re- 
turn them  to  servitude?  The  growing  resent- 
ment against  slavery  as  a  convertible  term  for 
the  rebellion,  and  disgust  at  being  slave-catchers 
to  the  behoof  of  their  enemies,  supplied  the 
answer,  and  on  13  March  1862  all  army  officers 
were  forbidden  to  return  fugitive  slaves;  their 
surrender  from  any  quarter  was  made  harder 
(though  the  Fugitive-Slave  Law  was  not  form- 
ally abolished  till  28  June  1864)  ;  on  17  June 
1862  all  captured,  deserted  or  fugitive  slaves  of 
owners  in  rebellion  were  freed.  As  to  the  main 
body  who  plainly  could  not  be  left  in  un- 
changed status  as  the  core  of  a  fresh  abscess, 
Lincoln's  wish  was  for  compensated  emancipa- 
tion ;  he  sent  a  special  message  to  Congress  6 
March,  and  that  body  passed  a  joint  resolution 
10  April,  declaring  that  the  United  States  ought 
to  co-operate  with  any  State  which  would  adopt 
gradual  abolition,  by  paying  for  the  slaves,  and 
on  16  April  those  in  the  District  of  Columbia 
were  thus  emancipated;  but  despite  his  repeated 
urgencies,  the  border  States  would  take  no 
measures  of  the  kind.  On  19  June  the  slaves 
in  the  Territories  were  freed. 

The  final  blow  came,  as  John  Quincy  Adams 
20  years  before  had  forecast  that  it  would,  by 
using  the  President's  war  power  to  suppress  in- 
surrection. As  the  second  year  of  the  conflict 
wore  on,  the  majority  demanded  the  crippling 
of  its  enemy  by  the  most  efficient  means,  and 
very  manv  believed  that  a  threat  of  general 
emancipation  would  bring  about  a  general  sur- 
render. Lincoln  wished  for  a  great  victory 
first,  that  it  might  not  appear  the  selfish  re- 
source of  an  overmatched  power;  but  the  dis- 
couraging Peninsular  campaign  obliged  him  to 
satisfy  his  supporters  bv  holding  this  bludgeon 
over  the  enemy.  On  2&  Sept.  1862  he  issued  a 
proclamation  announcing  that  100  days  after, 
on  1  Jan.  1863,  the  Executive  would  issue  an- 
other proclamation  designating  the  States  or 
parts  of  States  then  deemed  tn  rebellion,  evi- 
dence to  the  contrary  being  the  presence  of 
bona-fidc  representatives  in  Congress,  that  all 
slaves  in  the  designated  sections  should  be  per- 
manently free,  and  that  the  civil  and  military 
authorities  of  the  United  States  would  main- 
tain their  freedom,  and  would  not  repress  any 
effort  of  theirs  to  make  it  good  The  only  re- 
sult was  a  retaliatory  proclamation  by  Jeffer- 
son Dans  23  December,  ordering  that  captured 
negro  Federal  soldiers  and  their  officers  should 
be  turned  over  to  the  States,  and  that  Gen. 
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B.  F.  Butler  should  be  hanged  if  captured  On 
the  1st  of  January  the  threatened  proclamation 
was  issued,  as  *by  virtue  of  the  power  in  me 
vested  as  commander-in-chief  of  the  army  and 
navy  of  the  United  States,  and  as  a  fit  and  nec- 
essary war  measure  for  repressing  said  rebel- 
lion." It  designated  Arkansas,  Texas,  Louisi- 
ana except  13  "parishes"  or  counties,  Missis- 
sippi, Alabama,  Florida,  Georgia,  South  Caro- 
lina, North  Carolina  and  Virginia  except  West 
Virginia  and  seven  other  counties,  as  in  rebel- 
lion, emancipated  all  the  slaves  in  them;  en- 
joined these  frcedmcn  to  abstain  from  all  vio- 
lence except  in  self-defense,  and  to  work  faith- 
fully for  reasonable  wages ;  announced  that 
suitable  members  of  them  would  be  received 
into  United  States  military  and  naval  service, 
and  for  this  act  invoked  "the  considerate  judg- 
ment of  mankind  and  the  gracious  favor  of 
Almighty  God." 

The  curious  feature  of  this  proclamation  is 
that  it  abolished  slavery  only  in  the  sections  not 
under  the  military  power  of  the  United  States, 
and  left  it  untouched  in  those  which  were, 
namely,  the  ones  specially  excepted  by  it,  "which 
are,  for  the  present,  left  precisely  as  if  this 
proclamation  were  not  issued."  Hence  it  was 
argued  by  the  Democrats  that  it  had  no  legal 
force  whatever,  and  emancipated  no  one;  a 
question  the  Supreme  Court  never  passed  on. 
It  was  always  accepted  by  the  majority  party, 
however,  as  a  continuing  act,  applying  as  fast 
as  any  of  that  territory  fell  into  the  Union 
power,  and  not  necessary  to  repeat.  Politically, 
the  results  were  enormous.  Recognition  of  the 
Confederacy  thenceforward  meaning  a  flat 
maintenance  of  slavery  instead  of  freedom,  the 
entire  anti-slavery  sentiment  of  France  and 
Great  Britain  was  thrown  against  those 
countries'  interference,  which  at  once  became 
unthinkable.  It  drove  away  many  lukewarm 
Northern  Republicans,  and  brought  rnany  local 
and  State  defeats  to  the  administration;  but  it 
took  the  party  "off  the  fence"  and  made  it  a 
coherent  organization  with  one  firm,  open  prin- 
ciple, for  many  years  unassailable.  In  the 
South,  as  defeat  meant  emancipation  by  their 
enemies  and  it  would  be  no  worse  if  done  by 
themselves,  some  of  the  leaders  (as  Lee) 
seriously  thought  of  offering  freedom  to  slaves 
to  fight  in  their  armies  in  the  latter  part  of  the 
war,  hoping  to  save  independence  and  the  con- 
trol of  their  own  destinies  at  least. 

BMANTS,  eWants,  Marcellus,  Dutch  poet 
and  descriptive  writer:  b.  Voorburg,  near  The 
Hague,  12  Aug.  1848.  His  volumes  of  travels 
display  his  keen  observation  and  his  poetical 
imagination.  Among  his  best  are  *A  Journey 
Through  Sweden'  (1877);  'Monaco'  (1878); 
<  Along  the  Nile'  (1884);  'From  Spain' 
(1886).  He  holds  a  permanent  place  in  the 
literature  of  the  Low  Countries  through  his 
charming  narrative  poems.  'Lilith'  (1879); 
'The  Shimmer  of  the  Gods'  (1883). 

EMANUEL  THE  GREAT,  king  of  Por- 
tugal:  b.  31  May  .1469;  d.  Lisbon,  13  Dec. 
1?21.  He  ascended  the  throne  in  1495.  During 
his  reign  were  performed  the  voyages  of  dis- 
covery of  Vasco  da  Gama,  of  Cabral,  of 
Americus  Vespucius  and  the  heroic  exploits  of 
Albuquerque,  bv  whose  exertions  a  passage  was 
found  to  the  East  Indies  (for  which  the  way 
was  prepared  by  the  discovery  of  the  Cape  of 
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Good  Hope  in  1486  by  Bartolomeo  Dias),  the 
Portuguese  dominion  in  Goa  was  established, 
the  Brazils,  the  Moluccas,  etc.,  were  discovered. 
The  commerce  of  Portugal  under  Emanuel  was 
more  prosperous  than  at  any  former  period. 
The  treasures  of  America  flowed  into  Lisbon 
and  the  reign  of  Emanuel  was  justly  called 
"the  golden  age  of  Portugal.*  He  died  deeply 
lamented  by  his  subjects,  but  hated  by  the 
Moors  and  Jews,  whom  he  had  expelled.  As 
a  monument  of  his  discoveries  Emanuel  built 
the  monastery  at  Belem,  where  he  was  buried. 
He  was  a  friend  to  the  sciences  and  to  learned 
men.    He  left  'Memoirs  on  the  Indies.* 

EMBA,  em'ba,  a  river  in  the  district  of 
Orenburg,  Asiatic  Russia;  the  Russians  call  it 
Jemba,  the  Kirghiz,  Dchem.  It  rises  at  three 
sources  in  the  western  slope  of  the  Mugodchar 
foothills,  flows  sluggishly  through  an  area  of 
steppes,  is  about  200  feet  wide  and  500  miles 
long,  and  forms  a  delta  at  its  embouchure  in 
the  Caspian.  It  is  not  navigable,  but  abounds  in 
fish.  The  fortress  Embinsk  is  built  on  its  upper 
waters. 

EMBALMING,  the  art  of  preserving  the 
body  after  death.  It  was  probably  invented  by 
the  Egyptians,  whose  bodies  thus  prepared  for 
preservation  are  known  as  mummies,  hut  it  also 
prevailed  among  the  Assyrians,  Scythians  and 
Persians.  It  is  at  least  as  old  as  4000  B.C.  The 
Egyptian  mummies  were  placed  in  costly  coffins 
ready  for  sepulture;  but  were  frequently  kept 
some  time  before  being  buried  —  often  at  home 
—  and  even  produced  at  entertainments,  to  re- 
call to  the  guests  the  transient  lot  of  humanity. 
The  usual  method  of  embalming  among  the 
ancients  was  as  follows:  The  intestines  and 
brains  were  taken  out,  and  the  cavities  filled  up 
with  a  mixture  of  balsamic  herbs,  myrrh,  cassia, 
etc. ;  the  arteries  and  other  vessels  were  injected 
with  balsams.  The  ancient  Egyptians  filled  the 
cavities  of  the  trunk  with  aromatic,  saline  and 
bituminous  stuff.  The  cloths  in  which  the 
mummies  were  swathed  were  saturated  with 
similar  substances.  So  effectual  were  some  of 
the  processes  that  after  2,000  or  3,000  years, 
the  soles  of  the  feet  arc  still  elastic  and  soft  to 
the  touch.  By  700  a.d.,  when  embalming  prac- 
tically ceased  in  Egypt  probably  730,000,000 
bodies  had  been  thus  treated  ;  many  millions  of 
them  are  still  concealed.  In  1881  upward  of 
30  mummies  of  potentates,  including  that  of 
Ramescs  II,  were  discovered  together  at  Deir- 
el-Bahari.  (See  Mummy).  The  Persians  em- 
ployed wax  for  embalming;  the  Assyrians, 
honey;  the  Jews  aloes  and  spices.  Alexander 
the  Great  was  preserved  in  wax  and  honey. 
Desiccated  bodies,  preserved  by  atmospheric  or 
other  influence  for  centuries,  nave  been  found 
in  France,  Sicily,  England  and  America,  espe- 
cially in  Central  America  and  Peru.  The  art  of 
embalming  was  probably  never  wholly  lost  in 
Europe.  The  body  of  Edward  I,  buried  in 
Westminster  Abbey  in  1307,  was  found  entire 
in  1770.  The  body  of  Canute,  who  died  in  1036, 
was  found  very  fresh  in  Winchester  Cathedral 
in  1776.  The  bodies  of  William  the  Conqueror 
and  of  Matilda,  his  wife,  were  found  entire  at 
Caen  in  the  16th  century. 

Chaussier's  discovery,  in  1800,  of  the  preserv- 
ative power  of  corrosive  sublimate,  by  which 
animal  matter  becomes  rigid,  hard  and  grayish, 
introduced  new  means  of  embalming;  but,  ow- 
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ing  to  the  desiccation,  the  features  do  not  re- 
tain their  shape.  The  discovery  of  the  preserv- 
ative power  of  a  mixture  of  equal  parts  of  ace- 
tate and  chloride  of  alumina,  or  of  sulphate  of 
alumina,  by  Gannal,  in  1834,  and  of  arsenic  by 
Tranchini,  pyroxilic  spirits  by  Babington  and 
Recs  in  1839,  and  of  the  antiseptic  nature  of 
chloride  of  zinc,  have  led  to  the  application  of 
these  salts  to  the  embalming  of  bodies  required 
to  be  preserved  for  a  limited  time.  The  latest 
method  common  in  the  United  States  is  an  in- 
jection of  a  fluid  into  the  femoral  artery  and 
the  cavity  of  the  abdomen.  The  most  efficient 
agents  are  mercuric  chloride,  arsenic  and  zinc 
chloride.  Embalming  has  taken  the  place  of 
ice  in  preserving  the  dead  until  funeral  services 
are^  ended.  The  reasons  for  this  are  its  preser- 
vation of  the  body  for  transportation  and 
leisurely  disposal  and  its  absolute  prevention  of 
communication  of  infection,  cither  before  the 
body  is  buried  or  after  it  has  crumbled  and 
mingled  with  earth  in  a  cemetery.  Consult 
Budge,  'The  Mummy'  (2d  ed.,  London  1894)  ; 
Dhonan  and  Nunnamaker,  'Hygiene  and  Sani- 
tary Science'  (Cincinnati  1913);  Ecklcs, 
'Practical  Embalmcr>  (Philadelphia  1904); 
Gannal,  'Traite  d'emhaumement>  (Paris  1838; 
trans,  by  Harlan,  Philadelphia  1840)  ;  Myers, 
'Champion  Textbook  of  Embalming'  (5th  ed., 
Springfield,  Ohio,  1908)  ;  Pcttigrcw,  'History  of 
Egyptian  Mummies'  (London  1834)  ;  Smith,  G. 
E.,  'A  Contribution  to  the  Study  of  Mummifi- 
cation in  Egypt'  (Cairo  1906);  Sucquet,  'Em- 
baumement'  (Paris  1872).  Sec  Dead,  Disposal 
of  the;  Mummy. 

EMBANKMENT,  See  Levee;  Missis- 
sippi Levee  System. 

EMBARGO  IN  THE  UNITED  STATES. 

Prohibition  of  foreign  commerce,  to  distress 
foreign  countries  and  obtain  the  revocation  of 
hostile  measures;  "peaceful  war,*  intended  to  be 
cheaper  than  actual  warfare  and  equally 
efficient,  but  in  fact  injuring  ourselves  deeply 
and  the  others  little,  and  ending  in  real  war  at 
last.  Our  embargoes  belong  exclusively  to  the 
French-English  wars  of  1794-1814.  Their  ulti- 
mate cause  was  that  the  agricultural  classes, 
who  controlled  the  administration,  did  not  be- 
lieve in  commerce,  and  preferred  abolishing  it 
to  spending  anything  for  its  protection;  more- 
over, they  were  mainly  Southern  and  Demo- 
cratic, the  commercial  interests  mainly  New 
England  and  Federalist,  and  the  former  were 
not  loath  to  spare  themselves  the  cost  of  war  by 
impoverishing  the  latter.  The  first  embargo  was 
for  60  days,  due  to  mutual  orders  of  France  and 
England  for  seizure  of  neutrals  which  placed 
the  United  States  between  hammer  and  anvil. 
Jay's  Treaty  (q.v.)  of  19  Nov.  1794,  for  12  years 
measurably  protected  our  commerce,  but  near 
its  end  conditions  became  infinitely  worse.  In 
1806-07  the  thronging  mutual  blows  of  Eng- 
land and  Napoleon,  ending  in  the  former's 
Orders  in  Council  of  11  November,  and  the  lat- 
ter's  Milan  Decree  of  7  Dec.  1807,  made  prac- 
tically every  neutral  vessel  good  prize  to  one  or 
the  otber.  Even  more  intolerable  were  the 
rights  of  search  and  impressment  claimed  by 
Great  Britain,  which  swept  several  hundred 
American  sailors  every  year  into  the  British 
fleets,  and  in  one  massacre  (sec  Chesapeake 
and  Leopard)  outraged  and  humiliated  this 
country  beyond  forgiveness.  Rut  aside  from 
the  reasons  above  given,  few  landsmen  believed 
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till  the  victory  of  Old  Ironsides  (sec  Consti- 
tution, The)  that  American  ships  could  fight 
English  on  equal  terms,  and  it  was  the  general 
conviction  that  in  case  of  war  our  entire  fleet 
would  at  once  be  "Copenhagenized0  (that  is, 
captured  bodily  and  added  to  the  British  fleet, 
as  was  the  Danish).  At  Jefferson's  recom- 
mendation, therefore,  The  Embargo  was  passed 
22  Dec.  1807,  forbidding  all  foreign  com- 
merce till  the  obnoxious  decrees  were  repealed. 
The  havoc  not  only  in  trade  but  in  the  interior 
life  of  the  people  was  terrific;  the  exports  fell 
from  $110,084,207  in  1807  to  $22,430,960  in  1808. 
The  farming  sections  were  dismayed  to  find 
that  commerce  meant  part  of  their  daily  bread 
as  well  as  the  carrier's  profits  and  that  they 
raised  and  sold  much  of  that  $87,000,000;  but 
they  clung  all  the  more  stubbornly  to  their  anti- 
war recipe,  though  England  and  France  ao- 
proved  it  highly.  Napoleon  was  glad  to  see  his 
enemy  driftmg  into  war  with  a  western  power; 
England  was  glad  to  regain  her  carrying  trade 
and  sec  Canada  and  Nova  Scotia  receive  Amer- 
ican capital.  Meantime  New  England  fought 
it  with  the  fierceness  of  a  struggle  for  life; 
evaded  it  largely  by  sea  and  sent  armies  of 
smugglers  overland  to  Canada.  Congress  then 
extended  the  act  to  rivers,  lakes  and  bays,  and 
allowed  collectors  to  seize  on  suspicion;  and 
the  next  Congress,  9  Ian.  1809,  passed  a  savage 
enforcing  act  with  all  the  fury  of  baffled  doc- 
trinaires, imposing  enormous  fines,  forfeitures 
and  bonds  and  making  the  collectors  supreme 
despots  of  their  districts.  New  England  was 
nearly  in  insurrection ;  the  collectors  were  in 
danger  of  the  fate  of  those  under  the  Stamp 
Act,  some  resigned,  others  were  sued  in  the 
State  courts;  the  judges  would  give  no  findings 
against  smugglers;  finally  the  States  threatened 
nullification  and  John  Qtimcy  Adams  (a  victim 
to  its  support)  declared  that  they  had  resolved 
to  withdraw  from  the  Union  at  least  tempo- 
rarily, if  force  were  used,  and  had  opened  nego- 
tiations with  Great  Britain.  A  Federalist  de- 
clared in  the  Senate  that  blood  would  flow. 
The  Democrats  were  frightened  and  hastily 
fixed  (3  Feb.  1809)  4  March  for  its  discontinu- 
ance. But  the  next  month  they  had  regained 
courage  and  passed  a  "non-intercourse  act*  to 
take  its  place;  still  prohibiting  intercourse  with 
France  or  Great  Britain,  but  restoring  it  with 
other  countries  and  allowing  free  coasting  trade. 
This  policy  was  continued  till  the  War  of  1812 
opened.  The  hostility  of  New  England  to  the 
war,  only  less  destructive  than  the  embargo  and 
against  her  political  feelings,  induced  the  British 
government  ostentatiously  to  relieve  that  section 
from  the  blockade,  to  sow  discord  and  make  a 
base  of  naval  supplies;  and  on  17  Dec.  1813  a 
new  embargo  was  laid  to  1  Jan.  1815,  which, 
however,  was  repealed  14  April  1814.  Jefferson 
always  asserted  that  the  policy  was  the  best  and 
the  embargo  would  have  accomplished  its  object 
if  New  England  would  only  have  helped.  It  is 
now  pretty  generally  agreed  that  the  laying  of 
the  embargo  was  a  great  political  and  economic 
mistake  and  it  is  certain  that,  as  a  result  of  it, 
American  shipping  sustained  between  1807  and 
1815  almost  irreparable  damage.  Consult  his- 
tories of  the  United  States  through  this  period, 
as  Schouler.  McMaster,  etc. ;  especially  Henry 
Adams'  'History/  covering  1801-15,  devoted  to 
the  causes  and  consequences  of  these  measures. 


EMBASSY  (ambassy,  from  O.  Fr.  am- 
bassie,  from  low  Lat.  ambachus,  a  servant,  vas- 
sal) in  its  strict  sense,  signifies  a  mission  pre- 
sided over  by  an  ambassador,  that  is,  a  diplo- 
matic agent  of  the  first  rank,  as  distinguished 
from  a  legation  or  mission  entrusted  to  an  en- 
voy or  agent.  The  difference  between  the  pow- 
ers and  privileges  of  an  ambassador  and  an  en- 
voy is,  that  the  former,  as  the  representative 
of  the  person  of  his  sovereign,  can  demand  a 
private  audience  of  the  sovereign  to  whom  he 
is  accredited,  while  the  latter  must  communicate 
with  the  Minister  for  Foreign  Affairs. 

EMBER-DAYS,  called  in  the  Roman  Mis- 
sal and  Breviary  Quattuor  Tempora  (the  four 
seasons)  and  in  the  Anglican  'Book  of  Com- 
mon Prayer*  *Ember-days  at  the  four  seasons,' 
are  in  the  Roman  and  in  the  Anglican  calendar 
the  Wednesdays,  Fridays  and  Saturdays  which 
come  next  after  13  December,  the  first  Sunday 
of  Lent,  the  Feast  of  Pentecost  (Whitsunday), 
and  14  September,  respectively.  In  both  the 
Latin  Church  and  the  Anglican  these  days  arc 
days  of  fasting.  The  Quattuor  Tempora  were 
observed  at  Rome  in  the  time  of  Saint  Augus- 
tine (the  bishop  of  Hippo,  early  in  the  5th  cen- 
tury) and  doubtless  the  observance  was  already 
of  ancient  date.  The  custom  was  brought  into 
Britain  by  that  other  Saint  Augustine  who  was 
the  herald  of  the  gospel  to  the  Anglo-Saxons 
It  was  anciently  the  custom  for  bishops  to  hold 
ordinations  only  on  the  Saturdays  of  the  Quat- 
tuor Tempora.  The  origin  of  the  phrase  Ember- 
days  cannot  be  definitely  ascertained ;  but  it  is 
probably  a  corruption  ot  Quattuor  Tempon,u 
in  German  Die  Quatember  signifies  the  Ember- 
weeks. 

EMBEZZLEMENT  (O.  Fr.  besiltr.  to 
rifle,  lay  waste)  is  the  fraudulent  appropriation, 
as  by  a  clerk,  public  officer,  agent  or  other  per- 
son of  property  entrusted  to  him.  It  must  not 
be  confounded  with  larceny,  which  is  the 
wrongful  taking  and  carrying  away  of  the  per 
sonal  property  of  another,  with  the  felonious 
intent  of  converting  such  property  to  one's  own 
use  without  the  consent  of  the  owner.  This 
•taking*  implies  a  trespass,  which  does  not  ex- 
ist in  embezzlement.  By  common  law,  embez- 
zlement was  not  a  crime,  but  it  has  been  uni- 
versally made  so  by  statute  both  in  the  United 
States  and  Great  Britain.  The  earliest  statute 
recognizing  the  offense  was  that  of  Henry  VIII, 
c.  7  (1529).  This  act  was  passed  with  the  ob- 
ject of  remedying  an  admttted  defect  in  the 
existent  criminal  law,  by  which  persons  who  had 
fraudulently  appropriated  goods  or  money, 
coming  into  their  possession  legally,  escaped  all 
punishment,  although  their  moral  guilt  _was 
great.  Obviously  they  could  not  be  convicted 
of  larceny,  as  their  offense  lacked  some  of  the 
essential  elements  of  that  crime.  •  The  above- 
named  statute,  however,  restricted  the  offense 
to  servants  and  in  1799  another  statute  was 
passed  extending  it  to  include  clerks.  This  act, 
not  proving  completely  satisfactory,  the  Lar- 
ceny Act,  passed  in  England  in  1901,  which 
amended  sections  75  and  76  of  the  Larceny  Act 
of  1861,  further  extended  the  offense  to  include 
trustees,  directors  of  companies  and  otherv 
This  act  makes  the  offense  a  misdemeanor  and 
provides  that  the  punishment  therefor  shall  be 
penal  servitude  for  a  term  not  exceeding  seven 
years,  or  imprisonment,  with  or  without  hard 
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1  French.    Louis  XV 

2  English-Period,  Charles  I.  A  line  example  of  "  stamp- work  "  (see  article)  characteristic  design:  figures,  castle, 
animals,  flowers  and  birds.    (In  Metropolitan  Museum,  New  York 
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labor,  for  a  term  not  exceeding  two  years.  In 
Scotland  certain  designated  courts  have  inher- 
ent jurisdiction  to  punish  all  offenses,  even 
when  not  declared  to  be  crimes  by  statute,  with 
the  result  that  no  legislation  on  the  subject  has 
been  found  necessary  in  that  country. 

Most  of  the  statutes  in  the  United  States  are 
based  on  the  English  act  of  1799,  but  are  much 
broader  in  their  scope.  In  this  country  em- 
bezzlement is  a  misdemeanor  or  a  felony,  de- 
pending usually  on  the  value  of  the  property 
appropriated,  although  in  some  States  embez- 
zlement by  an  officer  of  a  corporation  or  embez- 
zlement of  certain  animals  is  a  felony  irrespec- 
tive of  the  value  of  the  property  converted. 
Statutes  often  define  embezzlement  and  men- 
tion is  frequently  found  therein  of  the  persons 
who  may  be  guilty  of  the  crime,  as  adminis- 
trators, guardians,  trustees,  public  officers, 
servants,  agents  and  others  who  occupy  fidu- 
ciary relations.  It  is  essential  to  constitute  the 
crime  that  the  person  charged  therewith  should 
have  come  into  possession  of  the  property  by 
virtue  of  his  employment  and  that  he  intention- 
ally violated  some  confidence.  There  must  also 
be  a  criminal  intent  to  appropriate  the  property 
of  another.  Thus  one  holding  property  which  is 
legalrv  in  his  possession  in  the  honest  though 
mistaken  belief  that  he  owns  it  cannot  be  con- 
victed of  the  crime.  In  some  Stales,  as  Massa- 
chusetts and  New  York,  embezzlement  is  in- 
cluded in  the  offense  of  larceny.  The  punish- 
ment differs  in  the  various  States,  usually  being 
imprisonment  for  a  term  varying  from  2  to 
10  years. 

EMBLEMENTS  (O.  Fr.  tmblacment, 
from  emblaer,  to  sow  with  grain),  a  term  ap- 
plied to  the  growing  crops  of  land  when  the 
lease  of  a  tenant  for  life  has  expired  by  the 
death  of  the  tenant,  or  when  an  estate  at  will 
has  been  determined  by  the  lessor.  In  either 
case  the  emblements  belong  to  the  tenant  or  his 
executors.  But  when  the  tenant  puts  an  end  to 
his  occupation  by  his  own  voluntary  act,  he  will 
not  be  entitled  to  the  crops. 

EMBOLISM,  cm'bo-llzm  (Gr.  efipoho/ioc, 
intercalation,  *<v  in,  and  /JdAAe/n,  to  cast).  In 
the  calendar,  an  intercalation  of  a  day,  as  in 
the  second  month  of  our  year  in  leap-year,  or 
of  a  lunar  month,  28  days,  in  the  Greek  calen- 
dar. In  medicine,  the  blocking  up  of  a  blood- 
vessel by  a  clot  of  blood  that  comes  from 
some  distance  till  it  reaches  a  vessel  too  small 
to  permit  its  onward  progress.  The  immediate 
cause  or  clot  is  called  thrombus  and  the  dis- 
ease is  known  as  thrombosis.  Sec  Pathology; 
Thrombus;  Thrombosis. 

EMBOSSING  (Fr.  bosse  a  protuberance), 
the  art  of  producing  raised  figures  upon  plane 
surfaces,  such  as  leather,  paper,  cardboard, 
metal,  textiles,  etc.,  by  means  of  powerful 
presses  furnished  with  dies  of  the  desired  pat- 
tern. Color  embossing  is  done  by  two  proc- 
esses: (1)  By  applying  the  color  to  the  raised 
part  of  the  design,  in  which  case  the  color  is 
spread  on  the  die  with  a  brush  and  the  whole 
surface  cleaned,  leaving  the  ink  in  the  depressed 
parts  of  the  engraving  only;  (2)  by  leaving  the 
design  uncolored  and  applying  the  color  with  a 
printing-roller  to  the  fiat  portions  of  the  die. 
For  large  designs,  engraved  plates  or  electro- 
types are  used  with  a  counterpart  of  mill  board 
faced  with  gutta-percha.    Book-binding  makes 


-EMBROIDERY  875 

extensive  use  of  the  art  of  embossing.  Em- 
bossed wall-paper  designs  are  effected  by  means 
of  copper  cylinders  on  which  the  design  has 
been  engraved,  with  counter  parts  of  rollers  of 
a  softer  surface.  These  are  mounted  on  cal- 
endar frames.  A  common  type  of  embossing 
machine  has  been  adapted  from  the  fabric 
printing  cylinder  machine,  by  engraving  the 
cylinders  in  a  suitable  fashion.  For  some  pur- 
poses the  cylinders  must  be  heated  and  kept  at 
a  high  temperature  while  being  used.  Metal 
ornaments  are  likewise  often  made  by  an  em- 
bossing process  and  finished  and  polished  later. 
See  Chasing;  Repouss£. 

EMBRACERY  (O.  Fr.  embraser,  to  set 
on  fire),  an  attempt  to  corrupt  or  influence  a 
jury  by  money,  promises,  letters,  threats  or 
persuasions.  This  offense  in  the  United  States 
is  punished  by  fine  and  imprisonment 

EMBRASURE,  em-bra'zur.  in  fortification, 
an  opening  made  in  the  breastwork  or  parapet 
of  a  battery  or  fortress,  to  admit  of  a  gun 
being  fired  through  it. 

EMBRO,  a  corrupted  form  of  the  name 
Edinburgh. 

EMBROIDERY,  the  art  of  working  on  an 
already  existent  material  a  decoration  with 
needle  and  thread.  Form  and  shading  are  ex- 
pressed by  means  of  stitches;  and  it  is  essential 
in  embroidery  that  the  stitches  must  be  frankly 
visible.  Stitches  arc  never  concealed,  nor  dis- 
guised. 

Technique. —  A  stitch  is  the  thread  left  on 
the  surface  of  the  cloth  after  each  ply  of  the 
needle.  A  piece  of  embroidery  may  be  worked 
in  one  kind  of  stitch  only,  or  a  number  of  dif- 
ferent stitches  may  occur  in  the  one  article. 
Embroidery  stitches  are  ancient  and  have  spe- 
cial names:  Canvas  (including  cross,  tent 
\petit-point]  and  cushion),  crewel  (also  out- 
line and  stem),  chain  (simple,  twisted,  cable, 
zigzag  and  checquered),  button-hole,  feather, 
rope,  fern,  herring-bone,  back,  satin,  basket, 
brick,  braid,  interlocking,  overcast,  plait,  rococo, 
running,  split-stroke,  tambour,  coral,  darning, 
insertion,  snail-trail,  leviathan,  ladder  (Crcton), 
two-sided  Italian,  trellis,  old  English  knot, 
German  knot,  French  knot,  Rumanian,  Hol- 
bein and  many  others. 

Couching  is  the  word  used  to  define  the 
method  by  which  one  thread  is  sewn  down  by 
another  thread  upon  the  material.  Cord  and 
braid,  or  a  bundle  of  tiny  threads,  may  also  be 
"couched*  Couching  is  much  used  in  gold 
thread  embroidery.  Geometrical  open  fillings 
of  leaves  and  backgrounds  arc  often  composed 
of  lines  of  threads  thrown  across  and  couched 
down  at  regular  intervals.  The  basket-stitch, 
which  imitates  wicker-work,  is  much  used  for 
couching. 

Laid-work  is  an  elaborate  kind  of  couching. 
The  stitches  are  laid  down  loosely  on  the  sur- 
face of  the  material  and  then  sewn  down  by 
cross  lines  of  stitching.  The  Japanese  use  laid- 
work  more  extensively  than  any  other  nation. 
The  Chinese,  on  the  other  hand,  prefer  to  sew 
through  the  material,  and.  as  a  rule,  their  deco- 
ration is  as  beautifully  embroidered  on  the 
wrong  side  of  the  material  as  on  the  right  side. 

"The  Chinese  and  Japanese,"  writes  Mr. 
Townscnd,  "arc  remarkable  for  flat  treatment 
of  plant-forms  and  are  supreme  in  effects  pro- 
duced with  one  or  two  shades,  partly  through 
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their  skill  in  placing  the  stitches.  Constantly 
changing  the  direction  of  the  stitches,  they  work 
for  a  pleasant  play  of  light  and  shade  acquired 
by  the  placing  of  the  silk  They  shade  with 
the  intention  of  showing  where  one  shade  ends 
and  another  begins.  They  are  also  fond  of 
voiding,  i.e.,  leaving  the  ground  to  show  be- 
tween the  petals  of  flowers,  similar  to  the  use 
of  'tics'  in  stencilling." 

Raised-work  is  formed  by  a  layer  of  padding 
placed  on  the  material  and  worked  over  with 
threads.  It  was  popular  in  the  14th  century  and 
was  carried  to  excess  in  the  18th  century  (par- 
ticularly in  England),  when  stump-work,  in 
which  figures  were  stuffed  like  dolls,  was  de- 
veloped. Turkey-work  in  imitation  of  Oriental 
rugs  and  carpets,  appeared  in  the  16th  century. 
It  was  worked  in  worsted  and  was  used  for 
table-covers,  cushions  and  chair-seats.  Eastern 
patterns  were  superseded  by  floral  ones  char- 
acteristic of  the  Renaissance;  and  these,  in 
turn,  by  18th  century  designs.  Turkey-work 
chair-seats  were  plentiful  in  American  homes  in 
the  17th  and  18th  centuries.  Petit-point  or  tent- 
stitch,  is  often  used  generically  to  describe  the 
needlework  that  most  nearly  imitates  tapestry. 
It  enjoyed  favor  in  the  16th,  17th  and  18th 
centuries.  Bargello,  or  Florentine,  work  is  pro- 
duced by  the  cushion-stitch  on  a  canvas  foun- 
dation, a  blunt  needle  being  used.  Sometimes 
the  satin-stitch  is  employed  in  combination  with 
the  cushion ;  the  one  'for  the  pattern  and  the 
other  for  the  background.  Zigzag  patterns  are 
characteristic.  Bargello  was  much  used  in  the 
17th  century.  It  has  lately  been  revived  and  is 
now  very  fashionable.  Delicate  line-work  and 
color  in  mass  are  sought  for  by  the  expert  and 
artistic  embroiderer,  who  also  takes  delight  in 
producing  effects  in  shading  and  a  beautiful 
finish  by  a  perfect  control  of  the  st.tches. 
Occasionally  the  worker  uses  a  frame  on  which 
the  material  to  be  embroidered  is  stretched. 
The  tambour-frame,  shaped  like  a  sieve,  or 
drumhead,  said  to  have  originated  in  China, 
gave  its  name  to  the  tambour-stitch.  Chinese 
embroider)',  exquisite  in  design  and  work- 
manship, has  been  unchanged  for  centuries. 
The  devices  and  motives  resemble  those  on 
porcelain  vases  and  cloisonnee  enamels.  Noth- 
ing more  beautiful  than  the  embroidery  on  the 
robes  of  mandarins  and  noble  ladies  has  ever 
been  produced.  Sometimes  to  the  dragons, 
phcenix,  flowers,  butterflies,  pagodas,  clouds  and 
temples  the  embroiderer  adds  something  from 
his  own  fantastic  imagination.  The  treatment 
of  flowers  in  Chinese  embroidery,  in  color,  form 
and  technique,  is  alone  worthy  of  special  study. 
The  most  beautiful  Japanese  work  is  on  cere- 
monial robes  on  sashes  for  women  and  on  the 
squares,  called  fukusa,  used  for  covering  fine 
presents.  The  best  Japanese  embroiderers  live 
in  Kioto.  In  the  Mikado's  collection  at  Nara 
there  are  specimens  of  Indian  embroideries 
worked  1,200  years  ago.  India  is  said  to  have 
had  some  influence  upon  Japanese  embroidery, 
though  the  chief  source  of  inspiration  was 
China. 

Indian  embroidery  is  done  on  silk  velvet, 
cotton,  wool  and  leather.  Most  famous  of  all 
is  the  embroidcr>'  on  wool,  both  loom-wrought 
and  by  the  needle,  of  Cashmere,  as  shown  in 
the  Cashmere  shawl.  Muslin  is  embroidered  at 
Dacca,  Patna  and  Delhi.  Rich  embroidery  in 
colored  silk  and  gold  and  silver  is  made  in  Hy- 


derabad and  other  places  in  Sindh.  The  em- 
broidery of  Nauanager  and  Gondal  in  Kathiwar 
(of  which  Cutch  gets  the  credit)  resembles  that 
of  Kesht  on  the  Caspian.  Gold  is  also  used  in 
Cutch  for  embroideries  in  the  Persian  style  of 
Isphahana  and  Delhi.  The  gorgeous  gold-em- 
broidered velvets  of  Lucknow,  Gulbargah,  Au- 
rungabad  and  Hyderabad  in  the  Deccan.  used 
for  canopies  of  state,  umbrellas  of  dignity, 
elephants'  cloths  and  state-housings,  have  re- 
mained unchanged  from  the  earliest  periods  of 
Indian  history;  but  their  sumptuous  gold-scroll 
ornamentation  resembles  Italian  design  of  the 
16th  century.  The  Portuguese  used  to  send 
satin  to  India  to  be  embroidered  in  European 
designs  and  Oriental  workmanship.  Of  such 
exquisite  material  were  made  many  of  the  beau- 
tiful coats  and  waistcoats  worn  in  the  European 
courts  in  the  17th  and  18th  centuries.  The  em- 
broidered native  apparel  of  Cashmere,  Amritsar. 
Lahore,  Delhi,  Lucknow,  Murshedabad,  Bombay 
and  Vizagapatam  are  highly  prized. 

History. —  Whether  embroidery  originated 
in  China  or  India  is  a  disputed  point.  The 
Chinese  claim  to  have  practised  it  3,000  years 
B.C.    India  also  boasts  similar  antiquity  in  this 
beautiful  art.    All  ancient  nations  carried  em- 
broidery to  perfection;    for  the  art    of  the 
needle  was  developed  before  that  of  the  brush. 
Thousands  of  years  before  the  Bayeux  Tapestry 
(q.v.)  was  worked  with  the  needle  to  chronicle 
the  Norman  Conquest  (1066  a.d.),  if  Homer 
may  be  believed,  "Helen  embroidered  in  her 
palace  a  large  cloth,  white  as  alabaster,  with 
the  story  of  the  conflicts  in  which  Trojans  and 
Greeks  contended  for  love  of  her."  Embroidery 
was,  therefore,  not  only  an  artistic  enrichment 
of  material,  but  it  was  used  for  centuries  as  a 
means  of  record  and  commemoration.  Sacer- 
dotal  vestments,   draperies  and  curtains  for 
temples,  robes  of  ceremony,  clothes  for  ordinary 
use  and  household  articles  were  embroidered 
with  appropriate  symbols  and  designs   in  col- 
ored  wools,   silks   and   threads   of    gold  in 
every  country  of  civilization.    The  Egyptians 
excelled  in  embroidery,  rivaling  the  gorgeous 
work  of   the  magnificent   Babylonians.  The 
Jews  learned  the  art  from  Egypt,  as  is  proved 
by  the  veil  that  Moses  had  made  for  the  Holy 
of   Holies   "of   fine   linen   embroidered  with 
cherubim  of  blue  and  purple  and  scarlet.* 

The  Greeks  attributed  the  invention  of  em- 
broidery to  Athene;  and  a  magnificently  em- 
broidered peplos  hung  behind  her  statue  by 
Phidias  in  the  Parthenon,  and  was  renewed 
every  five  years.  Persia  was  also  famous  for 
this  art.  Strabo  speaks  of  the  impression  made 
upon  the  Greeks  by  the  aerial  and  delicately 
embroidered  fabrics,  as  well  as  the  heavy  and 
magnificent  ones.  Phrygia  was  so  celebrated 
that  all  splendid  embroideries  were  known  in 
Rome  as  "Phrygian."  Roman  emperors  were 
not  behind  others  in  patronizing  the  art.  Even 
more  sumptuous  were  the  Byzantine  emperors, 
whose  robes  were  stiff  with  gold  and  of 
enormous  weight  with  woven  stitches.  The 
favorite  scheme  of  Byzantine  embroidery  con- 
sisted of  pairs  of  birds  or  animals  (often  en- 
closed in  circles),  separated  by  the  sacred  tree 
of  Persia,  a  kind  of  palm  —  the  "tree  of  life.* 
This  Byzantine  style  dominated  ecclesiastical 
embroidery  throughout  Europe  during  the 
Middle  Ages  when  monasteries  and  convents 
had  special  rooms  for  male  and  female  em- 
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broiderers.  Embroidery  was  also  one  of  the 
most  important  subjects  of  instruction,  ranking 
in  dignity  with  painting  and  sculpture.  Superb 
articles  were  worked  on  linen  grounds  with 
worsteds,  silk  and  gold  threads.  Sometimes 
the  entire  material  was  covered  with  em- 
broidery in  the  style  of  the  miniature  paintings 
in  the  illuminated  manuscripts  of  the  time ;  and 
it  is  noticeable  that  the  great  period  of  church 
embroidery,  from  the  12th  to  the  14th  century, 
is  also  the  great  period  of  the  illuminated 
manuscripts.  In  these  "paintings  with  the 
needle,"  as  contemporary  writers  call  them,  the 
English  were  the  most  celebrated.  Their  special 
work  was  known  as  Opus  anglicum.  It  became 
so  famous  that  great  lords  had  to  have  speci- 
mens in  their  collections  and  many  churches 
throughout  Europe  received  gifts  of  this 
artistic  production.  The  Syon  Cope,  now  in 
the  South  Kensington  Museum,  is  the  most 
celebrated  specimen  in  existence. 

Embroidery  was  lavished  not  only  on  copes, 
chasubles,  dalmatics,  mitres,  gloves  and  shoes 
for  church  ceremonials  in  the  Middle  Ages, 
but  was  also  used  to  decorate  the  costumes  of 
men  and  women  and  for  draperies  and  house- 
hold decoration.  Beds  were  magnificent  with 
embroidered  draperies  and  counterpanes.  Nor 
was  it  sufficient  to  embroider  one  set  of  bed 
and  window  hangings,  but  several  sumptuous 
'sets  of  hangings"  were  produced  to  suit  the 
changing  seasons  and  various  occasions.  Hang- 
ings for  tents  were  also  marvclously  em- 
broidered and  so  were  the  armorial  bearings 
of  the  knight  on  his  surcoat  and  on  his  ban- 
ners. Much  of  this  work  was  done  in  the  con- 
vents and  monasteries  and  by  the  groups  of 
embroiderers  supported  in  wealthy  homes  and 
much  of  it  was  done  by  the  accomplished  and 
noble  ladies.  We  know  this  from  allusions  in 
contemporary  literature  and  in  the  detailed  and 
descriptive  entries  in  inventories  and  wills. 

In  the  16th  century  embroidery  was  no  less 
used.  It  submitted,  however,  to  Renaissance 
influence.  Superb  work  was  produced  in 
Spain,  Italy.  France  and  England.  Beautiful 
specimens  exist  in  private  and  public  collec- 
tions and  in  the  treasuries  of  cathedral  and 
abbey  churches;  and,  moreover,  we  have  the 
paintings  of  the  old  Italian,  Flemish  and  Spanish 
masters'  to  show  what  gorgeous  embroideries 
people  wore.  Household  articles  received  much 
work  from  the  embroiderer  and  also  '  such 
small  articles  as  purses,  bags,  handker- 
chiefs, gloves  and  covers  for  books.  Sets  of 
hangings  for  windows  and  beds  were  em- 
broidered and  "Turkey  work"  and  petit-point 
chair-seats  and  cushions  were  made.  Queen 
Mary  and  Queen  Anne,  like  Queen  Elizabeth 
and  their  Stuart  ancestor,  Mary  Queen  of 
Scots,  were  expert  embroiderers.  They  fol- 
lowed in  their  designs  the  general  taste  of  the 
day  led  by  the  artists  of  Louis  XJV  and  in- 
spired by  the  growing  Eastern  influence.  Still 
employed  to  adorn  costume,  the  art  of  em- 
broidery grew  ever  more  and  more  delicate; 
and  in  the  days  of  Louis  XV,  when  there  was 
a  rage  for  Chinese  decoration,  the  handsome 
coats  of  courtiers  and  men  of  fashion  were 
often  sent  to  China  to  be  embroidered  accord- 
ing to  order  with  European  patterns.  Floss  and 
spun  silks  were  now  made  Up  into  various 
new  threads,  such  as  the  fluffy  velvet  chenille, 
or  caterpillar  cord.    Delicate  gold  and  silver 
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threads  were  also  produced;  and  with  these 
pretty  materials  beads  and  spangles  were  often 
mingled  to  make  the  fantastic  and  graceful 
designs  even  lovelier  by  their  added  brightness 
and  sparkle. 

Embroidery  was  still  exquisite  in  the  days 
of  Louis  XVI  and  in  the  lime  of  Napoleon, 
loscphine  favored  delicately  embroidered  and 
filmy  muslins,  which  shared  their  vogue  with 
Cashmere  shawls.  French,  English  and  Ameri- 
can fingers  were  soon  able  to  produce  lovely 
flowered  and  figured  muslins  and  to  decorate 
tulles  and  nets  with  'tambour*  until  machinery 
was  invented  to  make  their  beautiful  work 
unnecessary. 

Within  the  last  30  or  40  years  there  has 
been  a  revival  of  artistic  needlework — a  move- 
ment in  which  Walter  Crane  and  William 
Morris  took  the  lead.  Many  art  schools  have 
been  formed  in  the  United  States  similar  to 
that  of  the  South  Kensington  Museum  in  Lon- 
don in  which  the  stitches  and  styles  of  ancient 
and  decorative  embroidery'  are  taught. 
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Esther  Singleton. 

EMBRUM,  dn-bruh  (ancient  Eburodunum 
Caturigum),  France,  town  in  the  department 
of  Hautcs-Alpes,  on  a  rocky  eminence  in  the 
centre  of  a  large  plain  watered  by  the  Durance, 
20  miles  east  from  Gap.  It  is  an  ancient  place, 
surrounded  by  walls  and  ditches,  and  of  very 
picturesque  appearance.  The  principal  buildings 
arc  a  cathedral  and  the  archiepiscopal  palace. 
It  was  pillaged  successively  by  Vandals,  Huns 
and  Saxons,  and  its  inhabitants  almost  ex- 
terminated by  the  Moors  in  966.  It  is  still  a 
bishop's,  and  was  once  an  archbishop's  see. 
The  manufactures  consist  of  broadcloth,  hats, 
yarns  and  farm  tools.    Pop.  3,812. 

EMBRYO.   See  Embryology. 

EMBRYOLOGY,  that  branch  of  biological 
science  which  is  concerned  with  the  develop- 
ment of  the  organism  from  the  egg.  The  term 
is  applied  to  the  development  of  plants  as  well 
as  animal  organisms,  but  in  the  present  article 
only  the  latter  will  be  considered.  Though 
every  species  of  metazoan  or  multicellular 
animal  produces  eggs,  not  every  individual 
arises  directly  from  the  egg.  Indeed,  in  some 
groups  asexual  reproduction  is  commoner  than 
sexual.  It  may  occur  by  fission,  or  division  of 
the  organism  into  two  or  several  individuals, 
as  in  certain  flat-worms  and  annelids,  or  by 
gemmation,  where  new  individuals  bud  or 
sprout  out  from  the  older  ones,  and  either 
separate  completely,  or  remain  attached,  form- 
ing colonies  as  in  hydroids  and  hryozoans. 
However,  strictly  speaking,  embryology  applies 
only  to  the  development  of  the  organism  from 
the'  zygote  or  fertilized  egg-cell,  or  in  some 
cases  from  eggs  which  develop  by  partheno- 
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genesis,i.e.fwithout  fertilization  by  a  male  gamete. 

Historical— Before  the  invention  of  the 
miscroscopc  observations  on  development  were 
of  the  most  superficial  sort  and  the  genesis  of 
the  organism  from  the  egg  was  chiefly  a  prob- 
lem for  the  philosopher.  The  relation  of  the 
embryo  to  the  two  parents  was  not  in  any  sense 
comprehended  and  as  late  as  the  middle  of  the 
17th  century  spontaneous  generation  was  be- 
lieved to  occur  in  some  animals,  even  by  so 
great  a  physiologist  as  William  Harvey.  Dur- 
ing the  17ih  and  18th  centuries  the  theory  of 
'evolution,"  later  known  as  preformation,  of 
which  Bonnet,  Leibnitz  and  Hallcr  were  among 
the  greatest  exponents,  was  the  dominant  view. 
Evolution  in  this  sense  denotes  mere  unfolding, 
like  the  flower  from  the  bud,  and  has  no  rela- 
tion to  evolution  in  the  sense  of  a  theory  of 
descent  with  modification.  In  brief,  preforma- 
tion is  the  doctrine  that  all  the  structures  of 
the  adult  body  arc  present  in  miniature  in  the 
germ  and  that  development  consists  merely  in 
their  unfolding  and  growth.  According  to 
this  theory  nothing  arises  anew ;  as  a  corollary, 
known  as  the  "cmboitcment*  or  box-within-box- 
theory,  the  germ  must  contain  in  diminishing 
scries  the  germs  of  all  succeeding  generations. 
Naturally,  most  of  the  prcformationists  believed 
the  germ  to  be  contained  in  the  egg,  but  after 
the  discover)'  of  the  spermatozoa  by  Hamm  in 
1()77,  a  new  school  arose  known  as  the  spcr- 
mists  or  animalculists,  who  adopted  the  view  that 
these  minute  motile  bodies,  so  obviously  living, 
contained  the  germs,  the  egg  serving  merely  as 
a  nutrient  medium  in  which  the  minute  but 
fully  formed  offspring  of  male  origin  was  en- 
abled to  grow.  Some  of  the  sperm ists  even 
published  figures  showing  a  miniature  human 
body,  the  homunculus,  enclosed  in  the  sperma- 
tozoon. 

An  important  advance  was  made  in  1759 
by  C.  F.  Wolff,  who  demonstrated,  from 
observations  on  the  developing  hen's  egg,  that 
bodily  parts  arc  not  performed  but  actually 
arise  anew  in  an  orderly  sequence,  a  theory 
which  had  been  advocated  though  not  proved 
by  Harvey  a  century  earlier  and  even  vaguely 
stated  by  Aristotle.  This  conception,  which  is 
termed  epigenesis,  shortly  supplanted  the  purely 
speculative  preformation  theory,  but  what  regu- 
lated this  cpigenetic  differentiation  remained  a 
problem  and  still  remains  the  great  problem  of 
embryology,  notwithstanding  a  vast  amount  of 
observation  and  experimental  research.  During 
the  19th  century  great  progress  was  made  in 
morphological  or  descriptive  embryology  and  if 
space  permitted  many  important  discoveries 
might  be  enumerated.  The  greatest  of  the 
early  investigators  in  this  field  is  generally  ad- 
mitted to  be  "Karl  Ernst  von  Bacr  (1792-1876), 
sometimes  called  "the  father  of  embryology," 
who,  working  mainly  on  the  chick,  was  the  first 
to  give  an  orderly  account  of  the  chief  phe- 
nomena of  development,  including  cleavage  of 
the  egg.  formation  of  germ-layers  and  the 
differentiation  of  organs.  Von  Bacr  also  laid 
the  foundations  of  comparative  embryology. 

The  cell  theory,  formulated  by  Schleiden  and 
Schwann  in  1838,  which  has  so  completely 
revolutionized  biological  thought,  led  only 
gradually  to  the  recognition  of  the  unicellular 
character  of  the  gametes,  egg  and  sperma- 
tozoon, and   despite   the   much   earlier  germ 


theory  of  the  spermists  it  was  not  until  nearby 
the  middle  of  the  19th  century  that  the  sperma- 
tozoa were  generally  recognized  as  the  agents 
of  fertilization;  indeed  by  many  naturalists 
they  were  regarded  as  parasitic  micro-organ- 
isms, accidentally  present  in  the  fertilizing  fluid. 
In  1843  Martin  Barry  witnessed  the  penetration 
of  the  rabbit's  egg  by  the  spermatozoon,  but 
strange  to  say  the  unicellular  character  of  the 
two  gametes,  a  fact  of  fundamental  importance, 
was  not  clearly  demonstrated  until  after  1860. 
As  a  consequence  of  the  rapid  development  of 
comparative  embryology  during  the  middle  and 
latter  part  of  the  19th  century,  together  with 
the  newly  awakened  interest  in  organic  evolu- 
tion, came  the  recognition  of  embryology  as 
one  of  the  greatest  sources  of  evidence  of 
phylogenetic  relationship,  and  it  is  not  surpris- 
ing that  a  generalization  known  as  the  "re- 
capitulation theory'.'  namely,  that  the  individual 
in  its  development  repeats  in  brief  its  racial 
history,  should  have  been  developed.  Though 
this  theory  has  frequently  been  forced  farther 
than  the  facts  warrant,  it  is  unquestionably  true 
that  embryology  has  yielded  highly  important 
data  as  to  the  relationships  of  classes  and 
smaller  groups  within  the  same  phylum,  thus 
confirming  in  many  instances  evolutionary  evi- 
dence from  comparative  anatomy  and  pabeon- 
tology.  The  latter  part  of  the  19th  century  and 
the  earlier  years  of  the  20th  witnessed  the  de- 
velopment of  a  school  of  experimental  «m- 
bryology.  concerned  with  the  physiology  and 
the  philosophy  of  development,  with  the  old 
problem  of  what  makes  the  egg  develop  and 
what  factors  regulate  the  progressive  differentia- 
tion of  the  embryo.  In  this  field  of  morpho- 
genesis some  of  the  leaders  have  been  Roux, 
Hcrbst  and  Dricsch  in  Europe,  and  Loeb,  Mor- 
gan and  Lillie  in  America.  Experimental  studies 
have  shown  that  while  organs  arc  not  preformed 
in  the  egg,  still  in  many  cases  the  egg  substance 
is  differentiated  into  formative  zones  at,  or 
even  before,  fertilization,  that  it  exhibits  in 
greater  or  less  degree  "germinal  prelocaliza- 
tion"  of  material  for  future  organs,  but  not 
the  organs  themselves.  This  prcdeterminism  in 
the  egg  has  been  termed  "promorphology.*  In 
eggs  of  some  animals  this  is  so  definite  that 
removal  of  a  portion  of  the  egg  will  result  in 
the  building  up  of  an  incomplete  embryo,  while 
in  other  cases  a  fragment  of  an  egg,  or  each 
of  the  first  four  or  eight  cells  of  the  segment- 
ing egg  if  artificially  separated,  will  give  rise  to 
an  entire  dwarf  embryo;  hence  it  is  not  pos- 
sible to  make  categorical  statements  regarding 
promorphology  in  general.  It  is,  however,  a 
very  different  conception  from  the  old  pre- 
formation theory  and  does  not  imply  a  negation 
of  epigenesis.  In  some  types  the  normal  pro- 
morphology,  even  though  very  early  established, 
is  readily  alterable,  in  other  cases  it  is  not. 
As  to  the  general  factors  of  differentiation,  the 
majority  of  physiologists  undoubtedly  incline 
toward  a  purely  mechanistic  explanation,  or 
interpretation  in  terms  of  chemical  and  physical 
laws,  but  vitalism  also  has  able  exponents, 
notably  Hans  Dricsch.  A  discovery  of  peculiar 
interest  in  connection  with  promorphology  is 
the  phenomenon  known  as  "polycmbryony,*  or 
the  development  of  two  or  more  embryos  from 
;i  single  zygote.  The  most  familiar  example  is 
the  production  of  the  so-called  "identical  twins* 
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Fig.  I    Diagram  of  maturation  of  male  and  female  germ  cells,  fertilization  and  the  first  cleavage  of  the  zygote.  (The 
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Pig.  3  Diagram  illustrating  relations  of  extra- 
embryonic membranes  In  chick  embryo  at 
ninth  day  of  incubation 


Fig.  2  Holoblastk  cleavage,  and  formation  of  blastula  and  gastrula  in 
Amphioxus.  a  low  vertebrate.  'The  flrit  five  stages  figured  are  surface 
views,  the  last  six  are  represented  as  cut  in  the  median  plane. \  From 
Calkins'  Biology 
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in  man  and  other  species.  These  are  always  of 
the  same  sex.  Ordinary  or  dissimilar  twins,  of 
course,  arise  from  different  ova  and  may  or 
may  not  be  of  the  same  sex,  as  is  the  case  in 
ordinary  litters  of  young  in  mammals.  In  the 
nine-branded  armadillo  a  litter  contains  four 
young,  all  of  the  same  sex,  and  these  have  been 
conclusively  shown  to  come  from  a  single  egg. 
and  in  a  related  species  the  polyembryonic 
litter  contains  eight  or  nine.  In  certain 
hymenopterous  insects  (chalcids)  a  single  ovum 
produces  a  great  number,  in  some  cases  hun- 
dreds of  individuals.  It  follows  from  the 
method  by  which  sex  is  determined  at  fertiliza- 
tion  that  all  embryos  thus  arising  from  a  single 
zygote  must  be  of  the  same  sex. 

The  Germ  Cells. —  The  great  generalization 
on  which  modern  embryology  is  based  is  the 
cell  concept  as  applied  to  the  gametes.  This  is 
the  fact  that  the  ovum  and  spermatozoon  are 
single  cells  of  the  parent  organisms,  and  cor- 
related with  this  the  relatively  new  knowledge 
of  the  physical  basis  of  heredity  as  located  in 
the  chromosomes.  It  is  essential  to  realize  not 
only  that  the  gametes  are  true  cells,  but  that 
they  are  exactly  equivalent  as  regards  their 
chromatin  content  and  consequently  their 
heredity-carrying  capacity  (with  the  exception 
of  the  sex-chromosomes,  for  which  see  the 
articles  Cell  and  Heredity),  and  that  their 
great  diversity  in  size  and  form  represents  only 
a  physiological  differentiation  by  which  the 
spermatozoon,  minute  and  capable  of  locomotion 
is  enabled  to  reach  the  egg,  which  as  it  is  sup- 
plied with  foodstuff  for  the  future  embryo  is 
much  larger  and  non-motile.  It  is  scarcely  pos- 
sible to  conceive  of  two  types  of  cells  more 
widely  different  in  form  and  appearance,  yet 
both  arc  the  descendants  of  similar  primordial 
germ  cells,  and  their  differences,  except  for  the 
sex-chromosomes  above  mentioned,  are  entirely 
in  the  extranuclear  structures.  The  sperma- 
tozoa are  proliferated  in  the  testis  in  enormous 
numbers.  In  their  commonest  form,  often  de- 
scribed as  tadpole-shaped,  there  is  a  head  com- 
posed of  condensed  nuclear  chromatin,  a  middle 
piece  containing  a  centrosome,  and  a  vibratile 
ftagellum  or  tail  by  means  of  which  the 
spermatozoon  is  actively  propelled  and  enabled 
to  reach  the  egg.  Frequently  also  a  pointed 
body,  the  acrosome,  is  present  at  the  anterior 
end  and  facilitates  penetration  into  the  ovum. 
There  is  no  relation  between  size  of  sperma- 
tozoon and  size  of  organism.  In  man  the  entire 
length  is  52-62  thousandths  of  a  millimeter.  In 
many  minute  invertebrates  it  is  very  much 
greater.  In  a  few  animals,  the  spermatozoa  are 
non-motile  and  not  of  the  usual  flagellated  form. 
The  ovum,  or  egg,  is  always  much  larger  than 
the  spermatozoon,  non-motile  and  usually  of 
spherical  form.  During  the  elaboration  of  the 
egg  in  the  ovary  granules  of  inert  food-yolk  or 
deutoplasm  are  stored  up  in  its  extranuclear 
protoplasm.  This  food-yolk  is  rich  in  protein, 
f  's,  lecithin,  etc.,  and  serves  during  develop- 
|..ent  as  food  for  the  embryo.  The  difference 
in  size  of  eggs  of  different  species  is  largely  a 
difference  in  the  amount  of  yolk  and  accord- 
ing to  distribution  of  this  substance  eggs  are 
described  as  (a)  alecithal  or  homolecithal,  hav- 
ing very  little  yolk  evenly  distributed  as  in  the 
minute  ova  of  mammals;  (b)  telolecithal,  with 
the  yolk  massed  toward  one  pole  of  the  egg, 
the  condition  in  most  vertebrate  eggs ;  and 


(c)  centrolecithal,  in  which  central  mass  of 
yolk  is  surrounded  by  a  superficial  layer  of 
protoplasm,  a  type  occurring  in  some  arthro- 
pods. The  amount  of  yolk  affects  the  develop- 
ment of  the  egg  profoundly.  The  largest  eggs 
are  those  of  sharks,  reptiles  and  birds,  which 
are  of  extreme  telolecithal  type  and  comprise 
the  largest  cells  known.  Those  of  placental 
mammals  arc  very  minute,  that  of  man  only 
17  hundredths  of  a  millimeter  in  diameter. 
In  oviparous  animals  the  eggs  arc  usually  en- 
closed in  protecting  envelopes  of  which  some 
are  formed  in  the  ovary  and  others  secreted 
by  the  lining  of  the  oviduct.  In  the  hen's  egg, 
to  cite  a  familiar  example,  the  delicate  mem- 
brane surrounding  the  yolk  is  of  ovarian  origin, 
while  the  albumen,  shell  membrane  and  shell 
are  oviducal  secretions.  Frequently,  as  in  in- 
sects and  bony  fishes,  the  egg  membrane  is 
pierced  by  one  or  more  minute  pores,  micro- 
pyles,  which  permit  ingress  of  the  spermatozoon 
at  fertilization. 

Maturation.—  A  phenomenon  long  known  to 
be  of  almost  universal  occurrence  in  the  his- 
tory of  the  egg  is  the  successive  extrusion  from 
it  coincident  with  or  shortly  preceding  fertiliza- 
tion, of  two  minute  globules  known  as  "polar 
bodies  *  The  significance  of  these  bodies  long 
remained  a  problem,  the  solution  of  which  dur- 
ing the  later  years  of  the  19th  century  consti- 
tuted one  of  the  most  brilliant  discoveries  of 
cellular  biology.  It  invested  chromatin  with  a 
new  importance,  rendered  possible  a  new  un- 
derstanding of  germ-cells  and  fertilization  and 
opened  a  new  avenue  for  the  investigation  of 
the  mechanism  of  heredity.  It  is  a  well-estab- 
lished fact  that  the  cells  composing  the  body 
(somatic  cells)  of  every  animal  contain  a  defi- 
nite number  of  rods  of  chromatin  called  chrom- 
osomes, this  number  characteristic  of  the  par- 
ticular species;  also  that  these  chromosomes 
are  in  even  number  and  composed  of  two  equiv- 
alent groups  derived  respectively  from  the  two 
parents  (an  exception  to  this  occurs  in  the 
case  of  the  sex  chromosomes.  See  articles  on 
Cell  and  Heredity).  By  a  series  of  researches 
beginning  in  1883,  in  connection  with  which  the 
names  of  E.  Van  Beneden,  Thcodor  Boveri  and 
Oscar  Hertwig  are  especially  identified,  it  was 
demonstrated  that  the  ripe  germ-cells  of  both 
sexes  have  only  one-half  the  somatic  number 
of  chromosomes,  though  in  the  earlier  primor- 
dial germ-cells  the  full  somatic  number  occurs. 
This  reduction  is  accomplished  through  a  phe- 
nomenon known  as  "synapsis"  or  union  in  pairs 
of  the  chromosomes  of  paternal  and  maternal 
origin.  Thus  the  somatic  "diploid"  number  of 
singles  chromosomes  becomes  reduced  in  germ- 
cells  to  the  "haploid*  number  of  bivalent  or 
double  chromosomes,  this  reduction  occurring 
in  the  spermatocyte  or  oocyte  cell  generation 
prior  to  the  last  two  cell  divisions  known  as 
maturation  divisions,  by  which  the  definitive 
gametic  cells  are  formed.  During  the  matura- 
tion divisions  the  bivalent  chromosomes  are 
twice  divided  and  the  resultant  univalent 
chromosomes  distributed,  still  in  haploid  num- 
ber, to  each  of  the  four  resulting  cells.  In  the 
male  these  four  cells  all  develop  into  func- 
tional spermatozoa,  but  in  the  female  the  di* 
visions  arc  so  unequal  as  to  consist  merely  in 
the  successive  extrusion  from  the  egg  of  two 
abortive  eggs  or  polar  bodies.  In  some  cases 
the  first  of  these  bodies  again  divides  so  that 
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the  end  result  is  one  functional  egg  and  three 
polar  bodies,  which  differ  from  the  egg  only  in 
the  smaller  amount  of  cytoplasm  and  yolk, 
their  chromatin  content  being  exactly  equiva* 
lent.  The  racial  significance  of  the  reduction 
of  the  number  of  chromosomes  to  one-half  in 
both  gametes  will  be  obvious  in  connection  with 
the  union  of  these  cells  in  fertilization.   Fig.  1. 

Fertilization.—  « Fertilization*  as  applied  to 
the  union  of  gametic  cells  is  a  somewhat  in- 
adequate term,  a  relic  of  earlier  days  when  it 
was  supposed  that  the  male  semen  merely  acti- 
vated the  germ  contained  in  the  egg.  While  it 
is  quite  true  that  the  spermatozoon  does  initiate 
development  of  the  egg  and  thus  "fertilizes1* 
it  in  the  same  sense  in  which  artificial  treat- 
ment with  chemicals  may  fertilize  many  kinds 
of  eggs,  another  essential  fact  of  the  conjuga- 
tion of  the  two  gametes,  is  the  combination  in 
the  new  zygote  of  two  equivalent  groups  of 
chromosomes  from  the  two  parents.  In  many 
invertebrates  and  some  aquatic  vertebrates 
eggs  and  sperm  are  shed  in  the  water,  where 
conjugation  occurs,  but  in  many  other  animals 
the  spermatozoa  are  transferred  to  the  genital 
ducts  of  the  female  and  fertilization  is  internal. 
Only  one  spermatozoon  is  normally  concerned 
in  the  fertilization  of  an  egg,  though  poly- 
spermy, or  the  penetration  of  several  into  the 
egg-cytoplasm,  frequently  occurs,  especially  in 
forms  having  large  eggs,  but  such  supernumer- 
ary sperms  always  degenerate  eventually  and 
take  no  part  in  the  formation  of  the  embryo. 
When  a  spermatozoon  comes  in  contact  with 
the  ovum  it  penetrates  the  cytoplasm  and  in 
many  cases  a  delicate  membrane,  the  fertiliza- 
tion membrane,  is  instantly  secreted  from  the 
surface  of  the  egg,  thus  preventing  the  entrance 
of  any  more  sperms.  At  the  same  time  other 
marked  evidences  of  disturbance  of  the  physico- 
chemical  equilibrium  occur,  often  with  violent 
streaming  and  new  arrangement  of  formative 
zones  in  the  protoplasm,  and  in  some  eggs  the 
promorphology  is  rapidly  established  at  this 
time.  The  tail,  which  is  of  no  further  use  after 
the  sperm  has  reached  the  egg,  is  frequently 
left  outside.  The  head  upon  entrance  speedily 
enlarges  and  assumes  a  vesicular  appearance, 
becoming  the  male  pronucleus.  The  egg  nu- 
cleus after  the  last  maturation  division  is  called 
the  female  pronucleus.  Kach  of  these  pronu- 
clei, as  a  result  of  previous  reduction,  has  the 
haploid  or  halved  number  of  chromosomes  and 
by  the  union  of  pronuclei  to  form  the  zygote 
nucleus  the  normal  diploid  number  characteris- 
tic of  the  species  is  restored.  Thus  reduction 
maintains  the  specific  number  of  chromosomes 
from  generation  to  generation.  A  centrosome, 
the  function  of  which  is  to  initiate  the  process 
of  cell-division,  is  also  introduced  by  the  sper- 
matozoon, usually  in  the  middle  piece,  replacing 
the  egg  centrosome  which  disintegrates  after 
the  last  maturation  division.  The  zygote,  as 
the  fertilized  ovum  is  called,  is  now  a  complete 
cell,  really  a  new  individual  in  the  stage  of  a 
unicellular  embryo,  with  its  chromatin,  the  ve- 
hicle of  heredity,  derived  equally  from  the  two 
parents. 

Cleavage.—  Development  of  the  zygote  may 
be  defined  briefly  as  a  progressive  differentia- 
tion accompanied  by  cell-division  and  sooner  or 
later  by  growth,  but  it  must  not  be  assumed 
that  differentiation  is  determined  by  the  cell 
division,  for  experimental  embryology  indicates 


rather  that  the  converse  is  the  case.  The  term 
cleavage  or  segmentation  is  applied  to  the  mi- 
totic divisions  by  which  the  zygote  is  divided 
into  numerous  cells  or  blastomeres.  When  this 
process  involves  the  entire  zygote,  it  is  described 
as  total  or  holoblastic.  In  some  cases  the  cells 
may  for  some  time  be  equal  in  size,  but  where 
there  is  a  unipolar  aggregation  of  yoke,  cleav- 
age is  mechanically  retarded  at  the  vegetal 
pole,  the  result  being  unequal  cleavage,  well 
shown  in  the  egg  of  the  frog,  while  if  the  yolk 
be  very  abundant  cleavage  may  be  partial  or 
meroblastic,  limited  to  a  small  (Use  of  yolk-free 
protoplasm  at  the  so-called  animal  pole,  as  in 
the  hen's  egg.  In  such  cases  this  small  disc, 
the  blastodisc  or  blastoderm,  gives  rise  to  the 
entire  embryo  which  gradually  encloses,  digests 
and  absorbs  the  inert  mass  of  yolk  In  cen- 
trolecithal  eggs  of  arthropods  the  cleavage  is 
superficial  over  the  entire  egg.  As  a  result  of 
cleavage  the  egg  in  most  cases  soon  attains  the 
form  known  as  the  bias  tula,  which  in  its  most 
typical  condition  is  a  hollow  sphere  of  cells 
containing  a  central  segmentation  cavity  or 
blastoccel.  Where  yolk  is  very  abundant  the 
blastula  is  greatly  altered  and  in  some  forms 
there  is  no  true  segmentation  cavity  and  strictly 
speaking  no  blastula.    Sec  Fig.  2. 

Gastrula  and  Primary  Germ  Layers— The 
single-layered   blastula    becomes  transformed 
into  a  gastrula,  a  two-layered  sac-like  stage,  in 
which  there  is  an  outer  cell-layer  called  ecto- 
derm (or  ectoblast)  and  an  inner  layer,  the 
endoderm  (or  endo blast).    This  two  layered 
stage  is  variously  formed ;  in  some  cases,  as  10 
certain  ccelenterates,  cells  wander  inward  from 
one  pole  of  the  blastula  forming  a  solid  inner 
mass  which  later  becomes  hollowed  out,  but  a 
far  commoner  method  of  gastrulation  is  that 
known  as  the  embolic  type,  in  which  a  part  of 
the  gastrula  wall,  generally  the  part  richest  io 
yolk,  becomes  turned  in  or  in  vagina  ted  as  a 
result  of  unequal  growth  to  form  a  cup-like 
endoderm.   The  new  cavity  thus  formed  in  the 
endoderm  is  the  archenteron  or  primitive  gut 
cavity;  the  mouth  of  the  sac  is  the  blastopore, 
which  in  various  animals  may  form  the  mouth 
or  the  anus  or  neither.    This  simple  sac-like 
gastrula  is  found  only  in  eggs  which  have  very 
little  yolk,  thus  among  vertebrates  it  is  met 
with  in  typical  form  only  in  amphioxus.  though 
readily  recognizable  in  lamprey,  amphibian  and 
some  other  forms,  while  in  most  vertebrates  the 
abundant  yolk  masks  the  sac-like  character  of 
this  stage.    Frequently  in  eggs  with  abundant 
yolk  invagination  of  endoderm  is  mechanically 
impossible  and  in  such  cases  gastrulation  may 
be  effected  by  an  overgrowth  of  the  ectodermal 
layer  which  surrounds  the  large  yolk-filled  por- 
tion of  the  egg.    Such  overgrowth  is  termed 
epiboly  in  contradistinction  to  cmboly,  or  in- 
turning  of  endoderm.    However  formed,  the 
gastrula  has  considerable  differentiation  and 
foreshadows  the  orientation  of  the  future  body 
and  some  of  the  great  organ  systems.    Its  ec- 
toderm is  the  source  of  the  epidermis  and  the 
nervous  system.   The  endoderm  forms  the  lin- 
ing of  the  gut  and  later  gives  rise  to  out- 
growths  which   become   the   chief  digestive 
glands.    These  two  layers  are  called  the  pri- 
mary germ  layers  and  are  of  well-nigh  universal 
occurrence.    In  those  vertebrates  which  have 
very  abundant  yolk  and  consequent  partial 
cleavage,  as  well  as  in  mammals  which  seem  to 
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retain  the  developmental  mode  of  forms  with 
large  eggs,  the  two-layered  stage  is  so  modi- 
fied as  to  be  scarcely  recognizable  as  a  gas- 
trula  and  in  such  cases  the  blastopore  becomes 
compressed  and  drawn  out  into  a  longitudinal 
primitive  streak  which  is  almost  the  earliest 
evidence  of  the  body  axis. 

Mesoderm.— In  all  animals  above  the 
colentcrates  a  third  germ  layer  called  the 
mesoderm  (or  mesoblast)  develops  between 
the  two  primary  layers  and  gives  rise  to  the 
connective  tissue,  muscles,  blood  system  and 
gonads.  This  layer  arises  in  very  diverse  ways. 
In  many  worms  it  is  segregated  very  early  in 
deavage  as  special  mesoblast  cells.  Usually  it 
appears  much  later  as  a  differentiation  from  the 
endoderm  or  in  rare  cases  even  from  the  ecto- 
derm. In  its  origin  from  the  endodcrm  it 
either  delaminates  as  a  sheet  of  cells  from  the 
outer  surface  of  that  layer,  or  arises  as  a  series 
of  hollow,  sac-like  outgrowths  from  the  endo- 
derm  called  enteroccels  or  gut-pouches.  When 
formed  by  the  latter  method  the  mesoderm  from 
the  beginning  contains  cavities  which  were 
originally  parts  of  the  primitive  gut  cavity.  In 
cases  where  it  splits  off  as  solid  masses  similar 
cavities  appear  within  it  later.  Such  cavities  in 
the  mesoderm  become  the  cotlome  or  true  body 
cavity.  In  animals  in  which  the  body  is  seg- 
mented or  metameric,  such  as  the  annelid 
worms,  arthropods  and  vertebrates,  the  first 
evidence  of  segmentation  appears  in  the  meso- 
blast. In  certain  embryos  a  rather  ill-defined 
tissue  appears  composed  of  loose  cells  and  called 
mesenchyme.  It  may  be  produced  very  early, 
before  the  true  mesoderm,  or  it  may  be  prolif- 
erated from  that  layer.  In  general  it  gives  rise 
to  connective  tissues. 

Germ-Layer  Theory.—  All  metazoa,  except- 
ing sponges  and  corlcntcrates,  exhibit  three 
germ  layers,  a  fact  to  which  great  significance 
has  been  attached  by  many  cmuryologists.  The 
sponges  are  so  aberrant  in  their  development 
that  it  is  impossible  definitely  to  identify  their 
two  layers  with  ectoderm  and  endoderm ;  while 
the  coelenterates,  as  suggested  by  Haeckel,  may 
be  regarded  as  a  primitive  group  which  has  not 
progressed  morphologically  beyond  the  gas- 
trula  stage  of  complexity.  The  question  of  the 
homology  of  the  three  germ  layers  in  the  other 
phyla  is  one  which  has  evoked  much  discussion 
and  has  led  to  considerable  difference  of  opin- 
ion. As  comparative  embryology  became 
known,  the  well-nigh  universal  occurrence  of 
three  layers  and  the  general  similarity  of  their 
respective  derivatives  naturally  led  to  the  as- 
sumption of  their  homology,  a  generalization 
known  as  the  "germ-layer  theory,"  though,  as 
stated  above,  the  middle  layer  differs  greatly  in 
its  mode  of  origin  in  different  groups.  In 
nearly  all  cases,  however,  the  ectoderm  gives 
rise  to  the  epidermis,  the  lining  of  the  mouth 
and  anal  region,  the  nervous  system,  and  in 
some  invertebrates,  to  the  kidneys.  The  endo- 
derm, with  which  from  the  beginning  the  nutri- 
tive yolk  is  especially  identified,  becomes  the 
lining  epithelium  of  most  of  the  alimentary 
canal  and  the  chief  digestive  glands  and  in 
vertebrates  gives  rise  to  the  germ  cells  which 
later  wander  into  the  mesoderm.  The  meso- 
derm, the  latest  layer  to  appear,  is  the  source 
of  the  connective  tissues,  including  the  internal 
supporting  hard  parts  when  such  are  present, 
toe  blood  and  blood  vessels,  the  muscular  sys- 
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tern,  the  gonads  with  the  germ  cells  in  most 
cases,  and  usually  the  kidney  system.  The 
methods  by  which  germ  layers  become  differ- 
entiated into  their  derivative  tissues  and  organs 
are  so  varied  that  limitation  of  space  precludes 
their  present  discussion,  but  it  may  be  stated 
that  common  accompaniments  of  histogenesis 
are  thickening,  folding  and  delamination 
(splitting)  of  layers  and  also  localized  prolif- 
eration of  free  cells.  The  assumption  of  homol- 
ogy of  the  germ  layers  in  different  groups  was 
quite  natural,  but  of  late  years  evidence  has 
accumulated  which  indicates  that  many  of  the 
developmental  resemblances  of  different  phyla 
are  to  be  interpreted  rather  as  similar  but  quite 
independent  reactions  to  like  environmental  fac- 
tors; or  in  a  word,  as  homoplastic  rather  than 
truly  homologous. 

Nutrition  of  Embryo. —  Throughout  the 
entire  course  of  development  the  mechanical 
effect  of  food-yolk  is  very  marked,  not  only  in 
its  retardation  or  prevention  of  cleavage  in  cer- 
tain parts  of  the  egg  but  in  its  mechanical  ef- 
fect on  the  formation  of  the  germ  layers  and 
its  physiological  relation  to  development  of  the 
nutritive  system.  In  general,  though  there  are 
many  exceptions,  large  eggs  rich  in  yolk  de- 
velop slowly  and  the  resulting  embryos  hatch 
in  an  advanced  state,  often  with  essentially  the 
adult  form,  while  small  eggs  poor  in  yolk  must 
early  develop  some  means  of  securing  food  and 
usually  in  such  cases  the  embryonic  period  is 
very  brief,  the  embryo  hatching  in  the  form  of 
a  larva,  often  totally  different  from  the  adult 
Such  larvae  are  especially  common  among  ma- 
rine invertebrates,  in  which  usually  they  have 
the  form  of  minute  free-swimming  organisms, 
often  with  no  resemblance  to  the  adult  either 
in  form  or  habit.  Examples  are  the  trocho- 
phorcs  of  annelids  and  molluscs,  the  nauplius 
of  the  crustacean,  bipinnaria  of  the  starfish, 
etc.  In  some  cases  the  larva  represents  only  a 
small  portion  of  the  future  adult  animal,  occa- 
sionally only  a  portion  of  the  head  precociously 
equipped  with  an  alimentary  system  and  means 
of  locomotion.  These  larva?  feed  on  various 
micro-organisms  and  eventually  become  made 
over  into  the  adult  form  by  a  more  or  less  com- 
plete metamorphosis. 

Extra-embryonic  Membranes.—  In  some 
animals  extra-embryonic  membranes  are  pro- 
duced which  subserve  a  temporary  function  in 
the  protection  or  nutrition  of  the  embryo  and 
which  are  lost  at  hatching  or  at  birth.  In  the 
higher  vertebrates  such  structures  include  the 
chorion,  a  membrane  forming  the  outer  wall 
of  the  entire  embryonic  vesicle ;  the  amnion,  a 
closed  water-sac  lined  with  ectoderm  and  com- 
pletely enclosing  the  embryo,  and  the  allantois, 
an  extension  outside  the  body  of  the  urinary 
bladder  which  in  reptiles  and  birds  and  also  in 
the  primitive  egg-laying  mammals  known  as 
monotremes  spreads  its  vascular  wall  inside  the 
chorion  close  to  the  porous  egg  shell  and  serves 
physiologically  as  an  embryonic  respiratory 
organ.  In  the  marsupial  mammals,  such  as  the 
kangaroo  and  opossum,  the  young  are  nourished 
during  the  very  brief  period  of  gestation  by 
"uterine  milk,"  a  secretion  of  uterine  glands 
which  the  embryo  absorbs  by  means  of  its  vas- 
cular membranes,  chiefly  the  yolk  sac.  Uterine 
milk  is  also  an  important  source  of  nutriment  to 
the  embryo  even  in  some  placental  mammals, 
where  it  contains  leucocytes  and  the  detritus  of 
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disintegrated  cells  of  various  sorts  in  addition 
to  glandular  secretion.  The  placental  mammals 
are  so  called  because  an  organ  named  the 
placenta  is  developed,  which  is  essentially  com- 
posed of  villi  or  vascular  tufts  developed  on 
the  surface  of  the  chorion  and  supplied  with 
blood  vessels  by  the  allantois.  These  chorionic 
villi  come  into  intimate  contact  with  the  mucous 
membrane  lining  the  uterus,  which  becomes 
profoundly  modified  during  pregnancy,  and 
through  their  rich  vascular  supply  the  blood  of 
the  embryo  is  brought  into  close  osmotic  rela- 
tion with  that  of  the  mother,  thus  permitting 
the  diffusion  into  the  embryonic  circulation  of 
soluble  foods  and  oxygen  from  the  maternal 
blood  and  at  the  same  time  removing  carbon 
dioxide,  so  that  the  placenta  serves  the  func- 
tions of  embryonic  nutrition  and  respiration. 
It  is  important  to  note  that  there  is  no  admix- 
ture of  maternal  and  embryonic  blood,  the  two 
in  all  cases  being  separated  by  an  osmotic  mem- 
brane. In  some  mammals  the  placental  villi  are 
minute  and  scattered  over  almost  the  entire 
chorion,  forming  what  is  known  as  a  diffuse 
placenta,  as  in  the  horse  and  pig.  In  others 
they  arc  aggregated  into  a  number  of  brush- 
like tufts,  the  cotyledonory  type,  found  in  most 
of  the  ruminants,  as  the  deer,  ox,  etc.  In  other 
cases  the  Villi  are  limited  to  a  broad  girdle 
forming  a  zonary  placenta,  as  in  most  carniv- 
ora  and  in  the  elephant.  In  inscctivores, 
rodents  and  most  of  the  primates,  including 
man,  a  discoidal  type  of  placenta  is  found  in 
which  the  villi  arc  limited  to  a  single  cake- 
like  mass.  In  many  cases,  especially  the  diffuse 
and  cotyledonary  types,  the  villi  fit  into  cor- 
responding crypts  of  the  uterine  mucous  mem- 
brane from  which  they  arc  drawn  at  birth 
without  injury.  In  other  cases,  the  so-called 
deciduate  placenta:,  the  uterine  lining  becomes 
greatly  altered  and  its  union  with  the  villi  be- 
comes so  firm  that  at  birth  portions  of  the 
maternal  tissue  are  torn  away  with  the  em- 
bryonic placenta.  Recent  investigation,  how- 
ever, favors  the  view  that  even  in  deciduate 
types  the  maternal  portion  is  largely  absorbed 
before  full  term,  so  that  the  placenta  at  birth  is 
almost  wholly  of  fcetal  origin.  Though  the 
eggs  of  mammals  are  very  minute  and  undergo 
complete  cleavage,  their  development  is  re- 
markably like  that  of  the  large  eggs  of  reptiles 
and  birds  in  the  mode  of  germ-layer  formation, 
organogeny  and  relations  of  extra-embryonic 
membranes,  and  strongly  indicates  the  descent 
of  mammalia  from  ancestors  whose  eggs  had 
abundant  yolk  and  underwent  partial  cleavage. 
This,  indeed,  is  often  cited  as  one  of  the  classsic 
examples  of  the  persistence  of  ancestral  devel- 
opmental habit.  In  this  particular  case  the  evi- 
dence is  confirmed  by  the  occurrence  of  ovip- 
arous habit,  large  eggs  and  reptile-like  mode 
of  development  in  the  primitive  monotreme 
mammals. 

Bibliography. — Among  numerous  works  on 
embryology  the  following  may  be  mentioned  as 
of  especial  value:  Balfour,  F.  M.,  (A  Treatise 
on  Comparative  Embryology"  (Vols.  I  and  II, 
London  1885);  Ziegler,  H.  E,  'Lehbruch  dcr 
vergleichendcn  Entwickelungsgeschichte  dcr 
niederen  Wirhelthiere'  ( [ena  1902);  Lillie.  F. 
R..  'Development  of  the  Chick'  (New  York 
1908);  Kellicott,  YV.  F...  'General  Embryology » 
(New  York  1913);  Jenkinson,  J.  W.,  'Verte- 


brate Embryology'  (Oxford  1913)  ;  MacBride, 
E  W.,  'Textbook  of  Embryology'  (VoL  I, 
Invertebrates,  London  1914)  ;  Hertwig,  0., 
'Elemente  der  Entwickelungsgeschichte :  Ver- 
tebrates' (5th  ed.,  Jena  1915)  ;  Marshall,  F.  H. 
A.,  'The  Physiology  of  Reproduction'  (London 
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EMBRYOLOGY.  Human.  In  the  human 
female,  at  birth,  the  ovaries  contain  several 
thousand  ova.  These  remain  quiescent  during 
the  years  of  childhood,  but  beginning  at  pu- 
berty and  continuing  until  the  climaterie  or 
menopause,  ovulation  or  the  dehiscence  of  ripe 
ova  occurs,  usually  a  single  egg  escaping  from 
one  of  the  two  ovaries  at  intervals  of  four 
weeks.  There  is  without  doubt  a  correlation 
between  the  phenomena  of  ovulation  and  men- 
struation, though  difference  of  opinion  exists 
regarding  their  exact  time- relation.  During  the 
reproductive  life,  some  30  years  or  more,  ap- 
proximately 400  ova  may  be  thrown  off,  but 
pregnancy  and  lactation  temporarily  suspend 
ovulation  and  menstruation.  After  the  climac- 
teric the  ovaries,  which  still  contain  vast  num- 
bers of  ova,  undergo  very  gradual  degeneration. 
Maturation,  fertilization  and  cleavage  have  not 
been  studied  in  the  human  egg,  but  on  the  basis 
of  studies  of  the  early  stages  of  many  other 
mammals,  especially  mouse,  cat,  bat  and  rabbit 
the  corresponding  conditions  in  man  can  be  in- 
ferred with  great  probability.  Early  embryos 
of  monkeys  and  apes,  which  in  their  later  stapes, 
where  direct  comparison  is  possible,  show  prac- 
tical identity  with  human  development,  have 
also  supplied  important  evidence.  The  human 
ovum  at  maturity  is  spherical,  about  .17  milli- 
meter in  diameter,  and  is  surrounded  by  a 
transparent  zona  pcllucida,  and  a  mass  of  follicle 
cells,  the  corona  radiata,  and  the  whole  enclosed 
in  a  vesicle,  the  Graafian  follicle.  Ovulation  is 
accomplished  by  the  rupture  of  the  follicle,  and 
the  egg  thus  escaping  from  the  ovary  passes 
into  the  funnel-like  end  of  the  oviduct  or  Fal- 
lopian tube,  being  carried  along  by  the  cilia 
which  line  this  structure.  In  most  mammals  thus 
far  studied  the  egg  undergoes  the  first  matur- 
ation division,  producing  one  polar  body  while 
still  in  the  ovary  and  before  rupture  of  the  fol- 
licle. Fertilization  occurs  in  the  upper  portion 
of  the  oviduct  in  case  spermatozoa  are  present, 
and  shortly  after  penetration  of  the  egg  by  a 
spermatozoon  the  second  polar  body  is  ex- 
truded. Fertilization  in  mammals  "is  frequently 
termed  "conception.*  Judging  from  conditions 
in  other  mammals,  including  monkeys,  the 
zygote  undergoes  cleavage  in  the  oviduct  while 
it  is  being  slowly  swept  along  by  cilia  and 
reaches  the  uterus  or  womb  in  the  stage  of  the 
early  blaslocxst,  a  minute  hollow  sphere  or 
vesicle  of  cells  with  an  inner  mass  of  cells  ad- 
herent at  one  side.  This  inner  mass  is  the  em- 
bryonic mass  and  from  it  come  all  the  cells 
which  form  the  embryo,  while  the  wall  o  f  the 
vesicle,  the  trophoblast,  has  only  protective  and 
nutritive  functions,  becoming  later  the  outer 
layer  of  the  chorion.  At  the  time  when  the 
vesicle  reaches  the  uterus  the  mucous  mem- 
brane lining  that  organ  is  soft,  thick  and  con- 
gested. During  pregnancy  this  membrane  be- 
comes profoundly  modified  and  is  called  the 
decidua.    Apparently  in  consequence  of  some 


Digitized  by  Google 


EMBRYOLOGY,  HUMAN 


Digitized  by  Google 


chemical  interaction  the  embryonic  vesicle 
undergoes  'implantation,*  sinking  into  the 
superficial  layer  of  the  decidua,  which  grows 
over  and  encloses  it,  thus  separating  it  from  the 
uterine  cavity.  Implantation  is  usually  on  the 
posterior  wall  of  the  uterus,  though  it  may 
occur  elsewhere,  and  in  abnormal  conditions  the 
embryo  may  become  attached  in  the  oviduct, 
causing  a  tubal  (extrauterine)  pregnancy. 

The  earliest  human  embryos  studied  had  al- 
ready become  implanted.  In  one  of  these 
(Peters'  ovum)  the  entire  blastocyst  was  about 
one  millimeter  in  diameter,  the  embryo  one- 
fifth  millimeter,  or  about  one  one  hundred  and 
twenty-fifth  of  an  inch  in  length.  The  age  was 
estimated  by  Peters  at  three  or  four  days,  but 
it  is  now  believed  to  be  several  days  older.  The 
three  germ  layers  are  distinguishable  and  the 
amnion  and  yolk-sac  are  already  formed.  The 
chorion  is  covered  with  villi  which  have  in- 
vaded the  capillaries  of  the  uterine  mucosa,  thus 
bringing  the  embryo  even  at  this  early  stage 
into  nutritive  relation  with  the  maternal  blood 
by  osmosis.    (Fig.  4). 

In  a  slightly  older  embryo  (Graf  Spee's 
embryo)  measuring  1.54  millimeters  in  length,  the 
neural  plate  or  rudiment  of  the  spinal  cord  and 
brain  is  formed.  Blood-channels  representing 
some  of  the  chief  veins  and  arteries  are  dis- 
tinguishable, and  also  the  two  heart  rudiments, 
not  yet  united  in  the  median  line.  The  chori- 
onic villi  already  contain  blood  vessels.  #  The 
yolk-sac,  though  quite  empty  of  yolk,  is  of 
considerable  size,  and  the  allantois  has  ap- 
peared Several  embryos  of  the  third  week 
have  been  described.  At  this  age  the  spinal 
cord  and  brain  form  a  closed  canal,  the  heart  is 
a  twisted  tube,  and  from  comparison  with  other 
mammals  there  can  be  no  doubt  that  the  heart- 
beat is  already  established.  By  the  21st  day  the 
embryo  is  four  or  five  millimeters  in  length, 
and  head,  tail,  gill-clefts  and  rudiments  of  eyes 
and  inner  ears  are  clearly  distinguishable.  By 
the  end  of  the  first  month  the  arms  and  legs 
appear  as  lateral  buds  and  the  rudiments  of  the 
face  arc  formed.  There  is  a  well-marked  tail, 
and  head  and  tail  are  so  flexed  as  nearly  to  meet. 
Measured  from  neck  to  rump  the  embryo  is 
about  one  centimeter  in  length.  The  yolk-sac 
has  not  kept  pace  with  the  body  and  is  a  small 
pedunculate  vesicle.  Practically  all  the  great 
organs  are  indicated  by  the  beginning  of  the 
fifth  week.  For  example,  from  the  alimentary 
canal  the  rudiments  of  thyroid,  thymus,  lungs, 
liver  and  pancreas  have  budded  out.  In  general 
structural  plan  the  embryo  up  to  this  stage  is 
rather  more  like  a  fish  than  like  the  adult 
human.  This  is  especially  true  of  the  blood- 
vascular  and  urinary  systems. 

During  the  second  month  growth  is  rapid, 
and  by  the  end  of  this  period  the  embryo  is 
about  30  millimeters  in  length.  Even  the  layman 
could  now  identify  it  not  merely  as  a  mammal  but 
as  human,  or  at  least  as  a  primate.  The  face 
is  now  fairly  well  formed,  even  to  mouth  and 
nostrils,  and  the  external  ear  is  taking  shape. 
The  tail  diminishes  after  the  sixth  week  and 
has  almost  disappeared  by  the  eighth.  Elbow 
and  knee  flexures  are  well  marked  and  hand 
and  foot  exhibit  digits.  The  third  month  wit- 
nesses an  increasing  humanness  in  the  appear- 
ance of  the  embryo  —  or  "fcrtus,"  as  it  is  com- 
monly called  after  the  establishment  of  its  ex- 
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ternal  form.  About  the  11th  or  12th  week  it 
becomes  possible  to  distinguish  the  sex  from 
the  external  genitalia.  Before  this  time  these 
organs  were  present  but  different  in  develop- 
ment, though  sex  is  actually  determined  at  fer- 
tilization and  can  be  distinguished  about  the  end 
of  the  first  month  by  microscopic  examination 
of  the  genital  ridges,  the  structures  which  later 
give  rise  to  ovary  or  testis.  About  the  middle 
of  pregnancy,  toward  the  fifth  month,  muscu- 
lar movements  of  the  foetus  become  strong 
enough  to  be  felt  by  the  mother,  a  fact 
which  has  given  rise  to  a  vulgar  belief 
that  life  begins  at '  this  period  of  "quicken- 
ing* as  it  is  called.  About  this  time  the 
face  and  most  parts  of  the  body  become  cov- 
ered by  a  dense  growth  of  fine  hair,  the 
•lanugo.*  This  foetal  hair  increases  for  a 
month  or  two,  but  is  shed  to  a  great  extent 
before  birth.  With  the  growth  of  the  foetus 
great  changes  have  taken  place  in  the  embryonic 
membranes,  the  later  conditions  of  which  and 
their  relations  to  the  decidua  or  uterine  mucous 
membrane  are  illustrated  in  the  diagram 
(Fig.  5).  It  may  be  stated  in  brief  that  the 
amnion  enlarges  greatly,  becoming  adherent  to 
the  chorion.  The  yolk-sac  and  allantois  vir- 
tually disappear.  The  chorionic  villi  disappear 
except  on  tnc  portion  of  the  surface  directed 
toward  the  original  site  of  attachment,  where 
they  persist,  forming  the  chorion  frondosum, 
which  comes  into  close  relation  with  the  cor- 
responding part  of  the  decidua,  and  with  it 
forms  the  placenta,  the  vascular  organ  by  which 
the  foetus,  physiologically  a  parasite,  derives  its 
nourishment  and  its  oxygen  from  the  maternal 
blood. 

Birth  occurs  approximately  280  days  after 
fertilization,  though  a  fectus  born  as  early  as 
the  seventh  month  may  survive.  The  average 
weight  at  birth  is  near  seven  pounds.  The 
foetus  is  expelled  by  involuntary  contraction  of 
the  uterus,  aided  by  contraction  of  the  ab- 
dominal muscles.  Rupture  of  the  amnion  by 
muscular  pressure  precedes  birth,  and  shortly 
after  the  child  is  born  the  placenta,  torn  loose 
by  further  uterine  contraction,  is  expelled,  to- 
gether with  the  amnio-chorion.  The  entire 
mass  is  called  the  "afterbirth."  Tremendous 
physiological  changes  occur  suddenly  in  the 
child  at  oirth.  Cessation  of  placental  oxygena- 
tion of  the  blood  stimulates  the  lung-breathing 
reflex.  Dilation  of  the  lungs  at  the  first  breath 
brings  into  service  the  pulmonary  circulation, 
including  the  functioning  of  the  left  side  of  the 
heart,  and  also  effects  the  closure  of  the 
foramen  ovale,  an  opening  between  the  two 
auricles.  Certain  arteries  and  veins,  hitherto 
very  important,  suddenly  become  non-functional 
and  undergo  rapid  atrophy.  Thus,  almost  in  an 
instant  a  fundamental  alteration  is  effected  in 
the  respiratory,  circulatory  and  nutritive  me- 
chanisms by  which  the  physiologically  passive 
foetus  is  transformed  into  the  active  breathing 
and  feeding  infant. 

Bibliography.— Many  excellent  works  on 
human  embryology  have  been  published.  Among 
the  best  textbooks  are  McMurrich,  J.  P.,  'The 
Development  of  the  Human  Body'  (Philadel- 
phia 1907);  Bryce.  T.  H.,  'Embryology* 
(Vol.  I  of  Quain's  'Elements  of  Anatomy,' 
London  and  New  York  1908)  ;  Keibel  and 
Mall,  'Manual  of  Human  Embryology'  (Vols. 
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I  and  II,  Philadelphia  and  London  1912),  a 
very  exhaustive  work;  Bailey  and  Miller, 
'Textbook  of  Embryology*  (3d  ed.,  New  York 
1916). 
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EMBRYOLOGY  OF  PLANTS.  That 
phase  in  the  life  history  designated  as  the  em- 
bryology begins  within  the  fertilized  egg,  but  its 
end  is  not  marked  by  any  such  definite  feature. 
In  general,  the  embryo  represents  the  early 
stages  in  the  development  of  an  individual  from 
the  egg.  In  the  ferns  and  their  allies,  some- 
what later  stages,  in  which  one  or  more  leaves 
are  visible  to  the  naked  eye,  arc  called  spore- 
lings.  There  is  no  definite  feature  to  mark  a 
line  between  the  sporeling  and  the  adult  plant. 
In  the  seed  plants,  the  series  is  embryo,  seed- 
ling, adult,  with  no  features  to  mark  the  tran- 
sitions. The  difficulty  is  the  same  as  that  in  de- 
fining baby,  boy  and  man.  The  early  stages  in 
the  development  of  the  embryo  are  fairly  well 
known  in  all  groups  from  the  liverworts  to  the 
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highest  flowering  plants.  In  the  liverworts  and 
mosses,  the  development  of  the  embryo  from 
the  fertilized  egg  up  to  the  adult  stage,  and 
even  to  the  death  of  the  individual,  is  rather 
short.  The  embryo,  and  even  the  adult,  are 
small,  are  parasitic  upon  the  egg-bearing  plant 
(gametophyte),  and  do  not  produce  any  leaves. 
In  the  lowest  liverworts  the  egg  divides  into 
halves,  then  into  quarters  and  continues  divid- 
ing until  a  spherical  mass  becomes  differentiated 
into  an  outer  protective  layer  enclosing  a  large 
number  of  spores.  In  the  higher  liverworts 
and  in  the  mosses,  the  embryo  starts  in  the  same 
way,  but  later  becomes  differentiated  into  three 
regions  called  the  foot,  stalk  and  capsule,  the 
latter  producing  the  spores.  In  the  lower  liver- 
worts, the  adult  is  a  small  spherical  body  not 
more  than  one-sixteenth  of  an  inch  in  diameter; 
in  the  higher  liverworts  and  in  the  mosses  the 
diameter  is  not  much  greater,  but  there  is  con- 
siderable elongation.  A  couple  of  inches  is 
rather  long;  but  a  few  liverworts  reach  a  length 
of  five  or  six  inches  and  one  of  the  higher 
mosses  is  said  to  reach  a  length  of  10  or  12 


inches.  (Figures  of  some  of  these  features 
may  be  found  under  Sporophyte,  Evolution 
of).  In  the  ferns  and  their  allies,  the  embryo 
begins  to  develop  in  the  same  way,  forming  a 
spherical  mass  ot  cells,  but  definite  growing  re- 
gions soon  appear,  marking  the  root,  stem,  leaf 
and  foot.  The  embryo  is  parasitic  upon  the 
gametophyte  until  the  root  becomes  developed 
and  begins  to  get  nutrition  from  the  soil  and 
the  leaf  begins  to  secure  materials  from  the 
air.  When  this  stage  has  been  reached,  we  no 
longer  call  the  young  plant  an  embryo,  but  a 
sporeling.  In  the  seed  plants,  which  include  the 
Gymnosperms  and  Angiosperms,  the  develop- 
ment of  the  embryo  presents  great  variation 
and  complexity.  In  the  cycads  (q.v.)  which  rep- 
resent the  lower  living  Gymnosperms,  the  fer- 
tilized egg  does  not  immediately  give  rise  to  a 
mass  of  cells,  but  nuclear  divisions,  without  any 
separating  walls,  take  place,  until  there  may  be 
as  many  as  1,000  nuclei  lying  free  in  the  cyto- 
plasm of  the  egg  (Fig.  1,  A).  Cell  walls  then 
appear  at  the  lower  part  of  the  egg  (Fig.  1,  B). 
The  cells,  thus  formed,  become  differentiated 
into  three  regions,  (1)  a  group  of  cells  remain- 
ing within  the  limits  of  the  egg,  (2)  a  region 
of  rapidly  elongating  cells  called  the  suspensor 
and  (3)  at  the  tip  of  the  suspensor  some  small 
cells  with  dense  protoplasmic  contents  (Fig. 
1,  C).  The  root,  stem,  cotyledons  and  leaves 
of  the  embryo  come  f  rom  these  small  cells,  the 
other  two  regions  being  temporary  structures 
which  function  only  during  the  early  develop- 
ment. After  the  embryo  breaks  out  from  the 
seed  and  becomes  independent,  it  is  usually 
called  a  seedling.  The  eggs  of  the  cycads  are 
very  large,  reaching  one-eighth  of  an  inch  of 
even  one-fourth  of  an  inch  in  length.  In  the 
higher  Gymnosperms,  the  eggs  are  much 
smaller,  in  most  Pines  not  more  than  one-one- 
hundredth  of  an  inch  in  length.  In  these  higher 
forms  there  is  a  constant  tendency  to  reduce 
not  only  the  size  of  the  egg,  but  also  the  num- 
ber of  free  nuclei.  There  are  still  the  three  re- 
gions mentioned  above,  but  each  consists  of 
only  a  few  cells.  In  a  few  Gymnosperms.  the 
free  nuclear  period  is  entirely  eliminated,  a  cell 
wall  following  the  first  division  of  the  egg  nu- 
cleus. In  the  Angiosperms  the  eggs  are  still 
smaller,  all  being  microscopic  in  size,  and  in  all 
the  cases  the  first  division  of  the  nucleus  of  the 
fertilized  egg  is  followed  by  the  formation  of  a 
cell  wall  so  that  there  is  no  free  nuclear  stage. 
Even  under  the  microscope,  the  eggs  of  this 
group  look  so  exactly  alike  that  it  hardly  seems 
possible  for  one  to  develop  into  an  herb,  another 
into  a  shrub  and  another  into  a  tree.  We  say 
the  course  of  development  is  determined  by 
heredity,  and  those  who  are  satisfied  with  the 
mere  naming  of  a  phenomenon  may  be  satis- 
fied with  this  explanation.  Although  the  eggs 
and  embryos  arc  very  small,  modern  technic  is 
so  efficient  that  the  embryology  is  well  known 
from  the  willows  and  crowfoots  to  the  sun- 
flowers and  orchids.  A  simple  and  fairly  typi- 
cal type  of  embryology  is  illustrated  by  the 
Shepherd's  Purse  (Capsella),  a  familiar  and 
widely-distributed  weed  (Fig.  2).  The  first  di- 
vision of  the  fertilized  egg  is  transverse  (A). 
Divisions  then  take  place  so  that  a  filament  con- 
sisting of  a  single  row  of  cells  is  produced 
(/?)  ;  the  terminal  cell  of  the  row  then  divides 
vertically  and  from  the  two  resulting  cells  the 
stem,  cotyledons,  leaves  and  nearly  all  the  root 
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are  produced  (C).  The  cell  in  which  the  verti- 
cal division  has  appeared  is  generally  called  the 
embryo  cell,  and  the  rows  of  cells  below  it,  the 
suspensor.  A  second  vertical  wall  at  right  an- 
gles to  the  first  one  gives  rise  to  four  cells, 
each  of  which  immediately  divides  transversely, 
so  that  eight  cells,  apparently  just  alike,  arc 
produced  (D).  Each  of  the  eight  cells  now 
divides,  forming  a  wall  parallel  to  its  outer  sur- 
face (£).  These  outer  cells  (dotted  in  the  il- 
lustration) continue  to  divide,  but  all  walls  are 
perpendicular  to  the  surface,  so  that  the  result 
is  an  extensive  layer  of  cells  only  one  cell  in 
thickness.  Since  this  layer,  at  maturity,  is  the 
epidermis,  it  is  called  the  dermatogen,  which 
means  the  epidermis  producer.  In  the  lower 
half  of  the  more  or  less  spherical  embryo,  the 
four  central  cells,  inside  the  dcrm?togen.  divide 
longitudinally  (F).  The  four  inner  cells  re- 
sulting from  this  division  (dotted  in  the  illus- 
tration) constitute  the  plerome  and  give  rise  to 


the  vascular  system  of  the  root;  the  outer  four 
give  rise  to  the  periblcm  which  gives  rise  to  the 
cortex  of  the  root.  In  the  upper  half  of  the 
embryo,  which  is  to  form  the  stem  and  leaves, 
the  differentiation  into  cortex  and  vascular  re- 
gion takes  places  much  later,  after  a  large 
number  of  cells  has  been  produced.  Thus  there 
are  three  embryonic  regions,  one  producing 
epidermis,  another  producing  the  vascular  sys- 
tem and  the  third  producing  cortex.  These 
three  regions,  established  in  the  early  develop- 
ment of  the  embryo,  are  also  found  in  the  adult 
plant. 

There  arc  other  types  of  embryology  in  the 
flowering  plants.  Many  have  no  filamentous 
stage ;  some  have  a  single,  very  large  suspensor 
cell,  while  some  have  a  massive  suspensor.  In 
many  the  differentiation  into  the  three  embry- 
onic regions  takes  place  much  later;  some  do 
not  differentiate  at  all  until  the  seed  germinates; 
while  in  others,  like  the  bean,  the  embryo,  while 
still  in  the  seed,  has  not  only  cotyledons  but 
well-developed  leaves.  Some  special  features  of 
embryology  will  be  found  under  Plants,  Re- 
capitulation in,  and  Si'OROphyte,  Evolution 


of.  Consult  'Morphology  of  Gym  no  sperms,' 
by  John  M.  Coulter  and  Charles  J.  Chamber- 
lain; 'Morphology  of  Angiosperms,*  by  the 
same  authors;  'College  Botany,'  by  G.  r.  At- 
kinson; 'Mosses  and  Ferns,'  by  D.  H.  Camp- 
bell. Charles  J.  Chamberlain, 
Professor  of  Cytology  and  Morphology,  Uni- 
versity of  Chicago. 

EMBURY,  Philip,  Methodist  clergyman: 
b.  Ballygaran,  Ireland,  21  Sept  1729;  d.  Cam- 
den, N.  Y.,  August  1775.  He  joined  John  Wes- 
ley's society  and  became  a  local  preacher  at 
Court-Mattress  in  1758.  Emigrating  to  New 
York  in  1760,  he  began  to  preach  in  his  own 
house  in  1766  and  two  years  later  erected  a 
chapel  on  the  site  of  the  present  *Old  John 
Street  Church."  Being  a  carpenter  by  trade, 
he  worked  on  the  building  with  his  own  hands 
and  completed  the  pulpit,  in  which  he  preached 
the  sermon  of  dedication  30  Oct.  1768.  This 
was  the  first  Methodist  chapel  of  the  New 
World  and  he  has  been  called  "the  founder  of 
American  Methodism.*  It  was  however,  at 
Camden,  Washington  County,  N.  Y.,  that  he 
did  his  greatest  work,  forming  there  a  congre- 
gation which  grew  into  the  flourishing  and  in- 
fluential Troy  Conference.  Consult  Buckley, 
'History  of  Methodism'  (Vol.  I,  New  York 
1898). 

EMDEN,  Germany,  town,  in  the  province 
of  Hanover,  on  the  Ems,  near  where  it  dis- 
charges itself  into  the  Dollart  estuary.  Emden 
has  an  excellent  roadstead  and  its  harbor  is 
connected  with  this  by  a  canal  admitting  large 
vessels.  The  Dortmund-Ems  and  other  canals 
connect  it  with  the  interior.  The  town  has  a 
Dutch  appearance  due  to  its  quaint  architecture 
and  the  dykes  which  protect  it  from  inundation. 
The  town  hall,  dating  from  the  16th  century, 
has  a  remarkable  collection  of  ancient  armor 
and  is  one  of  the  finest  public  buildings  in 
Germany.  The  town  contains  also  a  12th  cen- 
tury church,  a  museum,  art  gallery,  barracks, 
a  public  library,  trade  and  industrial  schools, 
and  a  deaf  and  dumb  institute.  Emden  has  cable 
communication  with  Great  Britain,  America, 
and  other  countries.  Its  export  trade  in- 
cludes grain,  dairy  produce,  cattle,  tallow,  wool, 
hides,  etc.;  and  it  imports  coal,  timber,  wine 
and  colonial  produce.  A  considerable  number 
of  vessels  are  built  here  annually;  and  the  man- 
ufactures include  leather,  paper,  dairying  instru- 
ments, basketware,  cement,  wire  ropes,  bricks, 
soap  and  tobacco.  There  are  also  oil-mills, 
breweries  and  distilleries.  Emden  was  founded 
in  the  10th  century  or  earlier  and  in  1433  was 
added  to  Hamburg.  It  became  a  free  city  in 
1595.  and  a  free  port  in  1751.  In  1806  it  was 
taken  by  Holland,  but  nine  years  later  was 
added  to  Hanover,  which  in  1866  was  itself 
made  part  of  Prussia.    Pop.  24,038. 

EMELfi,  a-ma-li,  Wilhelm,  German 
painter:  b.  Buchcn,  Odenwald,  1830;  d.  1905. 
He  first  adopted  a  military  career  but  studied 
art  with  Dietz  at  Munich  and  later  at  Antwerp 
and  Paris.  His  canvases  are  noted  for  exact 
knowledge  of  military  detail  and  are  spirited 
in  conception,  his  subjects  being  military.  He 
lived  in  Vienna  after  1861  where  he  attained 
great  popularity  as  a  painter  of  equestrian  por- 
traits and  hunting  scenes.  Among  his  works 
are  'Battle  of  Stockach' ;  'Capture  of  Heidel- 
berg Bridge  in  1799>  (1857),  purchased  by  the 
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Austrian  emperor;  'The  Fight  Near  Alden- 
hoven'  (1859);  'The  Square  of  the  Battle  of 
Aspern'  (1860);  'Capture  of  Camp  Near  Far- 
mars'  ;  'Attack  on  the  English  by  French  Cui- 
rassiers at  Waterloo'  ;  'Battle  of  Wurzburg' 
(1867),  his  best  work;  'The  Archduke  Charles 
at  Battle  of  Necrwinden>  (1872);  'Attack  of 
the  Bournernain  Division  Near  Elsasshausen' ; 
'Battle  of  Dijon > ;  'Meeting  of  Patrols  of  Sev- 
enth and  Fourteenth  Corps,  Prussian  Army, 
Near  Vcsoul';  'Headquarters  of  14th  Army 
Corps  in  Battle  of  Belfast'  •  'Episode  of  Battle 
of  Worth'  ;  'Victor)'  of  George  II  over  the 
French  at  Dettingen'  (1879).  His  'Cavalry 
Encounter  near  Langenbriick'  gained  first 
medal  at  the  Vienna  Exposition  in  1873. 

EMERALD  (O.  Fr.  emeraude,  Gr.  op&i>a- 
dof),  a  gem  of  pure  green  color,  often  very 
rich  and  beautiful.  It  is  a  variety  of  the  min- 
eral beryl  and  is,  therefore,  a  silicate  of  alumi- 
num and  glucinum  (q.v.),  its  green  color  being 
due  to  the  presence  of  a  little  chromium.  It  is 
usually  found  in  nodules  or  in  distinct  six- 
sided  prisms  of  the  hexagonal  system.  It  is  a 
little  harder  than  quartz  and  has  a  specific  grav- 
ity of  about  2.69.  It  is  not  acted  on  by  acids. 
Many  of  the  most  intensely  colored  and  valu- 
able emeralds  that  we  are  acquainted  with  were 
brought  from  Peru,  the  largest  from  Takowaia, 
in  the  Urals,  a  specimen  of  which  is  seen  in  the 
6*»-pound  stone  at  Saint  Petersburg.  Most 
modern  emeralds  come  from  the  republic  of 
Colombia,  which  quite  supplies  the  current  mar- 
ket. In  the  United  States  emerald  crystals  up 
to  nine  inches  in  length  and  of  rich  color  have 
been  found  in  Alexander  County,  N.  G,  while 
extensive  mining  in  Mitchell  County,  N.  C,  has 
yielded  beautiful  gems  and  much  so-called  •em- 
erald matrix.1*  The  rarity,  rich  color,  brilliancy 
and  hardness  of  emerald  have  made  it  one  of 
the  most  highly  prized  of  gems.  'Oriental 
emerald"  is  green  sapphire,  *hthia  emerald"  is 
hiddenite  (q.v.),  "Uralian  emerald1*  is  deman- 
toid,  "Brazilian  emerald*  is  tourmaline  (q.v.). 
See  also  Beryl  and  Precious  Stones. 

EMERALD  GREEN,  known  also  as 
SCHWEINFURTH  or  PARIS  GREEN,  and 

by  a  great  number  of  other  names,  is  one  of  the 
most  beautiful  green  pigments.  It  appears  to 
contain  copper,  arsenic  and  acetic  acid  and  is 
usually  regarded  as  an  aceto-arsenite  of  copper. 
It  is  a  crystalline  powder,  which  becomes  paler 
by  grinding,  is  not  affected  by  light  and 
air  and  is  insoluble  in  water,  but  is  de- 
composed by  alkalis.  It  is  employed  as  a 
water  and  as  an  oil  color  and  is  used  for  tinting 
wall-papers,  though  with  much  less  frequency 
since  the  danger  of  that  practice  has  been 
discovered. 

EMERALD  ISLE,  an  epithet  applied  to 
Ireland,  from  the  freshness  and  bright  color  of 
the  verdure,  produced  by  the  abundant  heat  and 
moisture  continually  reaching  it  from  the  At- 
lantic. This  epithet  was  first  used  by  Dr.  \V. 
Drennan  (1754-1820),  in  his  poem  entitled 
'Erin.' 

EMERSON,  Edward  Waldo,  American 
physician,  writer  and  lecturer:  b.  Concord, 
Mass,  10  July  1844;  son  of  Ralph  Waldo  Em- 
erson (q.v.).  He  was  educated  at  Harvard, 
where  he  was  graduated  in  1866  and  from  the 


medical  school  in  1874.  After  retiring  from 
practice  he  was  instructor  in  art  anatomy  at 
the  School  of  the  Museum  of  Fine  Arts  1885- 
1906.  He  published  'Emerson  in  Concord' 
1888)  ;  he  edited  'Correspondence  of  John 
terling  and  Ralph  Waldo  Emerson'  (1897); 
•Centenary  Edition  of  Ralph  Waldo  Emerson,' 
annotated  (1903) ;  'Life  and  Letters  of  General 
Charles  Russell  Lowell'  (1907);  'Emerson's 
Journals,'  with  W.  E.  Forbes  (1909);  joint 
author  with  M.  Storey  of  'The  Life  of  E.  R. 
Hoar'  (1911)  and  many  contributions  to  maga- 
zines. 

EMERSON,  George  Barrell,  American 
educator:  b.  Kennebunk,  York  County,  Me., 
12  Sept.  1797;  d.  Newton,  Mass.,  14  March 
1881.  He  was  graduated  at  Harvard  College 
(1817),  and  was  the  tutor  in  mathematics  and 
natural  philosophy  there  (1819-21).  In  1823 
he  opened  a  private  school  for  girls  in  Boston, 
which  he  conducted  until  1855,  when  he  retired 
from  professional  life.  He  wrote  the  second 
part  of  the  'School  and  Schoolmaster,'  of 
which  the  first  part  was  written  by  Bishop 
Potter  of  Pennsylvania.  He  was  appointed 
chairman  of  the  commissioners  for  the  zoologi- 
cal and  botanical  survey  of  Massachusetts,  hi 
which  capacity  he  published  a  'Report  of  the 
Trees  and  Snrubs  Growing  Naturally  in  the 
Forests  of  Massachusetts'  (1846)  ;  and  was  also 
the  author  of  'A  Manual  of  Agriculture'  (with 
C.  Flint,  1861)  and  <  Reminiscences >  (1878). 

EMERSON,  Luther  Orlando,  American 
composer:  b.  Parsonsficld,  Me.,  3  Aug.  1830; 
d.  Hyde  Park,  Mass.,  29  Sept.  1915.    He  studied 
music  and  later  taught  for  eight  years  in  Salem, 
Mass.   He  then  served  as  organist  and  musical 
director  in  various  churches  in  Massachusetts, 
and  was  the  director  of  about  300  musical  fes- 
tivals and  conventions.  He  published  'The  Rom- 
berg Collection'  (1853)  ;  'The  Golden  Wreath' 
(1857);    'The  Golden   Harp'    (1858);  'The 
Sabbath  Harmony'    (1860);   'The  Heart  of 
Judah'  (1863) ;  'Jubilate'  (1866),  etc. 

EMERSON,  Oliver  Farrar,  American  edu- 
cator :  b.  Traer,  Iowa,  24  May  1860.  He  studied 
at  Iowa  College,  taking  a  post-graduate  course 
at  Cornell  University,  where  he  received  the 
degree  of  D.Ph.  in  1891.  After  serving  as 
superintendent  of  schools  in  Grinnell  and  Mus- 
catine, Iowa,  he  was  principal  of  the  Academy 
of  Iowa  College  (1885-88);  instructor  ir.  Eng- 
lish (1889-91)  Cornell  University,  and  assistant 
professor  of  rhetoric  and  English  philology  in 
the  same  institution  (1892— 96),  when  he  took  the 
same  chair  in  Western  Reserve  University.  He 
is  meml>cr  of  the  Modern  Language  Association, 
American  Dialect  Society,  Simplified  Spelling 
Board,  and  is  a  regular  contributor  to  philologi- 
cal papers.  He  has  published  'History  of  the 
English  Language'  (1894);  <A  Brief  History 
of  the  English  Language'  (1896)  ;  an  edition 
of  'Dr.  Jonson  's  Rasselas'  (1895);  and 
'Memoirs  of  the  Life  and  Writings  of  Edward 
Gibbon'  (1898);  <A  Middle  English  Reader' 
(1905);  'Poems  of  Chaucer'  (1911);  'Outline 
History  of  the  English  Language'  (1906);  and 
contributions  to  various  philological  journals 
and  magazines. 

EMERSON,  Ralph  Waldo,  American  poet 
and  philosopher:   b.  Boston,  25  May  1803;  d. 
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Concord,  Mass.,  27  April  1882.  The  celebration 
in  1903  of  the  100th  birthday  of  Ralph  Waldo 
Emerson  served  as  a  meter  to  mark  how  wide 
and  deep  was  the  influence  which  a  single  origi- 
nal thinker  gifted  with  literary  expression  can 
exert  at  the  end  of  his  first  century;  for  there 
was  public  recognition  of  his  ethical  and  poetic 
genius  in  every  quarter  of  the  globe.  Along 
with  this  appreciation  went  also  the  perception 
that  a  distinct  Emersonian  school  of  thought 
had  arisen,  modified  in  some  degree  by  the 
circle  of  striking  writers  and  talkers  —  men  and 
women  of  thought,  fancy,  imagination  and  elo- 
quence—  who  gathered  around  Emerson  early 
or  late  in  his  career  and  now  constitute  the 
group  known  as  the  "Concord  Authors,"  or  the 
Concord  School  of  Philosophy.  Most  of  these 
at  one  time  or  another  lived  in  the  rural  village 
of  Concord  in  Massachusetts,  where  Emerson 
spent  a  half  century  of  his  life.  Such  were 
Alcott,  Hawthorne,  Thoreau,  Ellery  Channing, 
Louisa  Alcott,  George  William  Curtis,  Eliza- 
beth Hoar,  Elizabeth  Peabody,  Julian  Haw- 
thorne, J.  W.  Chadwick,  W.  T.  Harris,  John 
Albce,  F.  B.  Sanborn,  P.  P.  Stearns  —  all  of 
whom  lived  for  longer  or  shorter  times  in  Con- 
cord; and  on  the  outside  of  the  circle,  yet  not 
far  away,  Margaret  Fuller,  Theodore  Parker, 
Dr.  Bartol,  David  Wasson,  Mrs.  Ednah  Cheney, 
Christopher  Cranch  and  John  S.  Dwight.  All 
these  stood  in  relations  more  or  less  direct  to 
Emerson,  and  were  influenced  in  varying  de- 
grees by  his  fertilizing  mind  and  gentle  social 
attraction.  Several  of  them,  as  Hawthorne, 
Thoreau,  Channing,  Margaret  Fuller  and  Al- 
cott, were  as  original  as  Emerson,  though  less 
gifted  with  the  qualities  that  form  a  school  or 
coterie;  and  none  of  them  could  properly  be 
styled  satellites  or  Emcrsonidae  although  that 
term  has  been  applied  to  several  of  them. 
Emerson  was  the  eldest  born  of  all  these,  except 
Alcott.  He  was  the  son  of  a  Boston  pastor, 
Rev.  William  Emerson  of  the  First  Church, 
which  had  become  Unitarian  instead  of  Cal- 
vinistic.  Most  of  his  male  ancestors  as  far 
hack  as  the  English  Reformation  were  clergy- 
men, and  his  middle  name,  Waldo,  was  said 
traditionally  to  come  from  one  of  those  Wal- 
denscs  who  incurred  the  censure  of  the  popes 
as  heretics  far  away  in  the  Middle  Ages.  His 
oldest  American  ancestor  founded  the  Christian 
Church  in  Concord  in  1635  (Rev.  Peter  Bulke- 
Icy)  and  by  that  line  Emerson  was  related  to 
the  noble  English  family  of  Saint  John,  of 
which  was  Pope's  brilliant  friend  Bohngbroke. 
From  another  clerical  ancestor.  Rev.  William 
Thompson,  through  the  Cogswells,  he  was  re- 
lated to  Wendell  Phillips,  Phillips  Brooks  and 
other  men  famous  for  eloquence ;  and  by  an- 
other line  he  descended  from  a  clerical  family 
of  Moodys,  whose  genius  verged  upon  insanity. 
This  last  name  was  perpetuated  in  Emerson's 
aunt,  Mary  Moody  Emerson,  his  father's  sister, 
who  had  more  to  do  with  his  intellectual  and 
spiritual  training  than  any  other  of  his  early 
instructors.  With  this  strong  clerical  bent  in 
his  ancestry  young  Waldo  Emerson  was  des- 
tined to  the  pulpit  from  his  cradle,  and  was 
carefully  educated  in  Boston  and  Harvard  Col- 
lege with  that  view.  He  entered  college  early 
and  came  under  eminent  teachers,  Edward 
Everett  in  Greek,  George  Ticknor  and  Edward 
Channing  in  literature  and  Caleb  Cushing  in 
mathematics  —  but  for  the  last-named  study  he 


had  no  inclination,  and  did  not  stand  high  in 
general  scholarship  at  his  graduation  in  1821. 
He  read  widely,  however,  and  the  discipline  of 
teaching  in  his  elder  brother  William's  school 
for  young  ladies  at  his  mother's  house  in  Frank- 
lin street,  Boston,  gave  him  exactness  in  Latin, 
French  and  Greek.  He  presently  (1823)  took 
up  the  study  of  divinity  with  Dr.  Channing  and 
Prof.  Andrews  Norton,  and  began  to  preach 
sermons  in  1827.  He  spent  much  time  in  youth 
at  his  grandmother's,  who  owned  the  Old  Manse 
in  Concord,  and  there  he  preached  for  some 
months  in  1828,  during  the  absence  of  her 
second  husband.  Rev.  Dr.  Ripley.  His  own 
grandfather,  Rev.  William  Emerson  of  Concord, 
who  built  the  Old  Manse,  died  as  a  chaplain  in 
the  Revolutionary  army  in  1776. 

The  clerical  life  of  Emerson  was  a  distinct 
era,  marked  by  originality  and  independence  in 
the  young  divine.  His  first  and  only  settle- 
ment was  at  the  Second  Church  of  Boston, 
which  had  been  Cotton  Mather's,  and  was 
Henry  Ware's  when  Emerson  was  ordained  as 
a  colleague  in  1829.  He  became  sole  pastor  in 
1830,  and  in  the  meantime  had  married  a  deli- 
cate young  Bostonian,  Ellen  Louisa  Tucker,  who 
died  in  1832.  In  1833,  upon  a  point  of  doctrine 
concerning  the  rite  of  the  Lord's  Supper,  in 
which  he  found  himself  at  variance  with  his 
deacons,  he  preached  a  sermon  gently  setting 
forth  his  scruples  and  resigned  his  place,  much 
against  the  wish  of  his  people.  But  he  had  been 
ill  and  despondent  since  the  death  of  his  wife 
and  the  illness  of  his  brother  Edward ;  and  a 
foreign  tour  was  prescribed  for  him,  which 
broke  the  continuity  of  his  preaching,  although 
he  continued  to  officiate  in  pulpits  here  and 
there  for  some  six  years  after  his  first  visit  to 
Europe.  Miss  Elizabeth  Peabody,  who  had 
often  heard  Emerson  preach,  said  at  the  Con- 
cord School  of  Philosophy  in  1883: 

From  1834  I  never  omitted  an  opportunity  of  hearing 
Emerson  preach.  I  sought  and  obtained  leave  to  read  the 
sermons  he  had  in  manuscript.  They  were  all  as  truly 
"  transcendental  "  as  any  of  his  later  writings  in  prose  or 
verse.  If  a  volume  of  them  could  be  printed  to-day  in  their 
own  form  it  would  interpret  his  later  revelations,  of  which 
they  are  but  a  varied  expression.  Prom  first  to  last  he  never 
shut  in  his  vision  of  the  living  God  to  the  limitations  of  his 
own  or  any  other  individual  conception.  I  once  repeated  to 
him  the  reply  of  an  unconsciously  wise  and  pk>us  woman 
of  the  Lexington  congreKation.  when  asked  why  they  did 
not  settle  an  eminent  preacher  (Dr.  Hedge).  "  Oh.  we  are 
a  very  simple  people  in  East  Lexington-  we  can  hardly 
understand  anybody  but  Mr.  Emerson."  He  did  not  laugh; 
on  the  contrary,  with  an  accent  almost  pathetic,  he  replied, 
"  If  I  had  not  been  cut  off  untimely  in  the  pulpit,  perhaps 
I  might  have  made  something  of  the  weekly  sermon." 

No  doubt  he  would  have  made  much  of  it. 
But  what  he  did  was  better;  he  turned  the 
lecture  desk  into  a  pulpit,  and  for  more  than 
30  years  preached  righteousness  there.  From 
1835,  the  date  of  his  second  marriage,  to  Miss 
Lidian  Jackson  of  Plymouth,  lecturing  was  his 
chief  occupation  during  half  the  year.  His  es- 
says were  first  lectures  and  were  generally 
given  to  many  audiences  before  he  thought 
them  good  enough  to  print. 

His  first  book,  ' Nature, >  published  in  a 
small  edition  in  1835,  was  not  a  course  of  lec- 
tures, but  rather  genuine  essays,  thought  out 
for  years,  and  mostly  written  out  in  their  final 
form  at  the  Old  Manse,  or  finished  in  his  own 
study  at  the  home  he  made  for  himself  in  1835 
at  the  east  end  of  Concord  village,  and  where 
he  died,  27  April  1882.  The  book  attracted 
little  notice  in  America  or  England  at  first, 
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and  a  second  edition  was  not  issued  until 
1849,  a  dozen  years  having  been  required  to  sell 
500  copies.  But  Carlyle.  whom  he  had  visited 
at  Craigcnputtock  in  1833,  and  with  whom  he 
formed  then  a  strict  friendship  and  corresponded 
until  Carlyle's  death,  saw  its  value,  and  so 
did  Alcott.  Hawthorne,  Parker.  Thoreau  and  a 
circle  of  high-minded  women,  who  became  his 
constant  hearers.  It  now  takes  rank  as  the 
nearest  approach  to  a  system  of  philosophy 
which  he  put  forth  in  successive  chapters  dur- 
ing his  whole  active  life.  He  planned  another 
and  more  elaborate  work,  which  he  called  'The 
Natural  History  of  Intellect,'  and  of  which  he 
wrote  several  chapters,  intended  to  set  forth 
the  function  and  operation  of  the  qualities  of 
the  human  mind  —  memory,  imagination,  reason, 
volition,  etc. —  but  he  never  brought  it  to  such 
completion  that  it  could  be  published  as  a 
whole,  either  by  himself  or  his  successive 
editors,  Mr.  Cabot,  Dr.  Emerson,  etc.  When 
invited  to  lecture  on  philosophy  at  Harvard, 
as  he  was  in  1870.  he  threw  these  chapters  and 
copious  notes  and  readings  into  18  lectures, 
two  in  a  week,  but  the  effort  was  too  great 
for  him  at  his  age  and  in  his  failing  strength, 
and  he  could  never  afterward  bring  the  papers 
into  form  for  printing.  Several  of  the  chap- 
ters appear  separately ;  and  perhaps  some  future 
scholar  may  combine  them  with  <  Nature  >  into 
a  single  work. 

Emerson  was  actually  introduced  to  noisy 
public  notice  by  two  oi  his  early  addresses, 
which  arc  now  printed  in  the  same  volume 
with  'Nature' — his  Phi  Beta  Kappa  oration 
of  1837  and  his  Divinity  School  Address  of 
1838.  The  first  attracted  attention  and  praise, 
mingled  with  surprise;  the  second,  from  its 
bold  appeal  to  preachers  to  revise  their  theology 
and  meet  their  hearers  with  original  truths,  not 
with  traditional  forms  of  religion,  aroused  the 
native  intolerance  of  New  England  to  shrill 
protest  and  uncharitable  malediction.  His  own 
college,  of  which  he  was  the  most  illustrious 
graduate,  drew  back  in  timid  aversion  from 
thoughts  alleged  to  be  revolutionary,  and  it  was 
not  until  1867.  30  years  after  his  first  Phi  Beta 
oration,  that  he  was  again  invited  to  address  the 
sludent-body,  or  to  receive  any  collegiate  honor. 
About  the  same  time  (1837-38)  he  identified 
himself  with  the  unpopular  cause  of  negro  eman- 
cipation, with  the  advanced  ideas  of  Alcott  in 
education,  and  with  several  schemes  of  social 
reform,  which  the  commercialism  of  the  period 
viewed  with  dislike  or  scornful  indifference; 
and  so  he  alienated  another  class  in  the  New 
England  and  New  York  communities,  who 
might  otherwise  have  been  charmed  with  his 
literary  skill  and  his  peculiar  eloquence.  Thus 
his  audiences  continued  small  and  his  writings 
had  little  general  circulation,  until  the  gradual 
education  of  people  in  his  ideas  and  his  phrase- 
ology gave  him  the  hearit\g  that  his  genius 
deserved. 

Meanwhile  Emerson  was  drawing  about  him 
in  Concord  and  Boston,  in  Plymouth.  Salem 
and  other  New  England  towns  a  circle  of 
friends  and  a  school  of  thought.  The  num- 
ber of  these  persons  was  small  at  first,  but 
their  enthusiasm  was  fervent,  and  their  in- 
tellectual and  social  force  was  considerable. 
Prominent  among  them  was  Margaret  Fuller,  a 
woman  of  genius  who  drew  other  women  by  her 


talent  and  her  sympathies,  and  who  had  formed 
a  circle  of  her  own  in  Cambridge  and  Boston. 
Among  men,  the  most  prominent  for  a  time 
was  Bronson  Alcott,  an  educational  reformer, 
who  had  shown  insight  and  eloquence  in  dealing 
with  the  young,  but  whose  talent  for  conversa- 
tion was  not  accompanied  by  any  corresponding 
gift  of  expressing  himself  in  writing.  Others 
of  the  circle  were  F.  H.  Hedge,  an  accom- 
plished student  of  German  literature,  afterward 
distinguished  in  theology;  Dr.  Convers  Francis, 
a  learned  pastor  and  professor  at  Cambridge; 
Theodore  Parker,  equally  learned  and  more 
radical  in  opinion ;  with  younger  man  like  Wil- 
liam Henry  Channing,  James  Freeman  Clarke. 
Henry  Thoreau,  Wentworth  Higginson,  Ellen 
Channing,  S.  G.  Ward.  Marston  Watson  of 
Plymouth,  J.  Elliot  Cabot;  and  in  his  own  im- 
mediate acquaintance,  Mrs.  Sarah  Ripley,  the 
most  learned  woman  of  New  England,  who 
had  married  Emerson's  uncle,  Rev.  Samuel  Rip- 
ley; her  brother,  George  Bradford;  Miss  Eliza- 
beth Hoar,  an  accomplished  woman,  betrothed 
to  Emerson's  brother  Charles  (who  had  died  in 
1836),  and  Emerson's  own  aunt,  Mary  Emer- 
son, who  at  times  favored  and  at  times  opposed 
the  movement  in  which  her  nephew  was  en- 
gaged   This  movement  presently  was  called, 
rather  than  called  itself,  Transcendental*  —  the 
term  borrowed  from  the  phraseology  of  Ger- 
man philosophy,  but  hardly  corresponduig  in 
New  England  to  the  meaning  it  had  in  Ger- 
many, and  indeed  used  loosely  in  America  wiA 
no  fixed  meaning.    Its  followers  were  in  fact 
idealists  of  various  shades  and  divisions  of 
thought  and  speculative  philosophy,  whose  or- 
gan, the  quarterly  review  called  The  Dial,  ex- 
isting four  years  (1840-44),  became  the  recep- 
tacle of  much  youthful  literature  and  many 
earnest  essays  toward  the  reformation  of  society 
in  education,  morals  and  politics.   Its  first  editors 
were  Margaret  Fuller  and  Rev.  George  Ripley, 
the  founder  of  the  famous  community  at  Brook 
Farm;  but  from  the  first  Emerson  had  great 
influence  in  its  councils,  and  ultimately  became 
its  proprietor  and  editor,  associating  Thoreau 
with  himself  in  editing  it.    Hence  much  of 
the  earlier  writing  of  Thoreau  first  came  out 
in  The  Dial,  as  did  that  of   Emerson  and 
Margaret  Fuller  and  Theodore  Parker.  For 
this  review  Emerson  wrote  the  introductory 
essay,  as  he  did  in  December  1847  for  a  kindred 
venture,  the  Massachusetts  Quarterly  Revitv. 
in  which  Parker  and  Elliot  Cabot  were  frequent 
writers.   In  these  two  brief  essays  must  we  still 
look  for  a  characterization  of  the  so-called 
transcendental  movement,  so  unimportant  in  its 
first  appearance,  yet  so  momentous  afterward  in 
determining  some  of  the  chief  results  of  the 
Civil  War  of  1861-65.    In  The  Dial  Emerson 
spoke  of  it  as  "the  progress  of  a  revolution,* 
and  such  it  proved  indeed  to  be.   He  added: 

Those  who  share  in  it  haw  no  external  orRaniiatkm.  no 
hadK*.  no  creed,  no  name.  They  do  not  vote  or  print,  or  even 
meet  together.  They  do  not  know  each  other'*  faces  or 
names.  They  are  united  only  in  a  common  love  of  truth 
and  love  of  its  work.  .  .  .  Without  concert  or  proc- 
lamation of  any  kind,  they  have  silently  Riven  in  their  K'tn. 
adhesion  to  a  new  hope;  and  in  atl  com  panic*  do  *ifc"rufy  » 
greater  trust  in  the  nature  and  resources  of  man  than  U* 
laws  or  the  popular  opinion*  will  well  allow. 

Seven  years  later,  aproaching  the  same 
topic  from  another  point  of  view,  and  with  more 
experience  of  his  countrymen,  Emerson  said  in 
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the  first  number  of  the  Massachusetts  Quar- 
terly: 

The  aspect  this  country  presents  is  a  certain  maniacal 
activity,  an  immense  apparatus  of  cunning  machinery, 
which  turns  out  at  last  some  Nuremberg  toys.  Has  it  gen- 
erated, u*  great  interests  do,  any  intellectual  power?  One 
would  say  there  is  nothing  colossal  in  the  country  but  its 
geography  and  its  material  activities;  that  the  moral  and 
the  intellectual  effects  are  not  on  the  same  scale  with  the 
trade  and  production.  .  .  .  It  is  a  poor  consideration 
that  the  country  wit  is  precocious,  and,  as  we  say,  practical; 
that  political  interests  on  so  broad  a  scale  as  ours  arc 
administered  by  little  men  with  some  saucy  village  talent; 
by  <le(t  partisans,  good  cipherers,  strict  economists,  quite 
empty  til  any  superstition.  .  .  .  The  state,  like  the 
individual,  should  rest  on  an  ideal  baiis.  As  soon  as  men 
have  tasted  the  enjoyments  of  learning,  friendship,  and 
virtue  —  for  which  the  state  exists  —  the  prizes  of  office 
appear  polluted,  and  their  followers  outcasts. 

The  profound  discontent  so  manifested,  yet 
lightened  by  an  ideal  hope  of  better  things, 
was  working  in  the  mass  of  the  Northern 
people,  as  well  as  in  this  small  nucleus  of 
Platonists  and  agitators  of  New  England,  New 
York  and  Ohio.  While  The  Dial  had  to  perish 
for  want  of  subscribers,  the  Tribune  of  New- 
York  rose  up  to  more  than  fill  its  place;  and 
Margaret  Fuller,  Thoreau,  George  Ripley  and 
George  William  Curtis  found  Greeley  ready  to 
give  them  a  hearing  in  his  daily  and  weekly 
newspaper,  which  had  readers  everywhere.  It 
reported  Emerson's  lectures,  the  sermons  of 
Parker  and  printed  the  higher  criticism  of  Rip- 
ley. Dana  and  Margaret  Fuller.  Political  parties 
began  to  be  formed  on  ideal  issues  and 
courageous  minorities  began  to  grow  into  tri- 
umphant majorities  here  and  there. 

In  this  escape  out  of  the  ideal  into  the  prac- 
tical Emerson  rather  unwillingly  found  himself 
involved.  He  began  to  be  popular,  and  his 
hooks,  which  up  to  1850  had  scarcely  paid  for 
ihc  cost  of  publishing  them,  became  a  source 
of  moderate  income.  lie  had  followed  up  the 
publication  of  essays  in  The  Dial  by  the  issue 
in  1841  of  a  volume  selected  from  his  earlier 
lectures  and  essays,  a  second  scries  in  1843,  a 
collection  of  his  orations  annexed  to  a  reprint 
of  'Nature'  in  1849,  and  in  1850  his  most 
effective  book  for  European  recognition  of  his 
high  quality,  the  'Representative  Men.*  All 
these  books  had  been  lectures  mainly,  though 
much  changed  in  publication,  as  may  be  seen  by 
reading  the  omitted  passages  cited  in  the 
'Notes'  to  Dr.  Emerson's  'Centenary  Edition' 
of  his  father's  books,  issued  in  1904.  And  by 
1850  Emerson  had  become  a  widely-sought  lec- 
turer and  went  as  far  west  as  Galena  and  Saint 
Louis,  though  practically  shut  out  of  the  slave- 
holding  States  by  his  pronounced  anti-slavery 
opinions  which  began  to  he  made  public  by  him 
in  1844.  This  wider  hearing  as  lecturer  was 
needful  to  him  now  pecuniarily,  for  his  small 
fortune  which  had  made  him  independent  since 
1832  had  become  involved  in  railroad  specula- 
tions by  the  ambition  of  a  classmate  at  college 
and  yielded  him  little  revenue  for  years.  The 
way  had  been  prepared  for  his  extended  reputa- 
tion in  England  and  on  the  continent  by  his 
visit  there  in  1847-48  when  he  lectured  exten- 
sively in  England  and  Scotland  under  arrange- 
ments made  for  him  bv  Alexander  Ireland  of 
the  Manchester  Guardian  and  by  his  friend 
Carlyle  and  others  in  London.  He  had  even 
aroused  the  envy  of  Mrs.  Carlyle  by  his  wel- 
come in  England  among  the  aristocratic  circle 
to  which  he  had  access  through  his  friends 
vol.  to-  19 


George  Bancroft  and  Charles  Sumner,  as  well 
as  by  the  simple  dignity  of  his  own  manners, 
which  admitted  him  everywhere  in  the  exclusive 
society  of  great  cities.  On  this  visit  he  saw 
something  of  the  French  Revolution  of  1848, 
and  made  acquaintance  in  England  with  Arthur 
Hugh  Clough,  Matthew  Arnold,  Froude  and 
others  of  the  rising  young  men  in  literature,  as 
well  as  the  older  men  of  letters  whom  he  met 
at  the  breakfasts  of  Rogers  and  in  the  circle  to 
which  Carlyle,  long  resident  at  Chelsea,  be- 
longed. 

Emerson  had  evej  been  more  forward  to 
publish  his  friends'  books  than  to  hasten  to  the 
press  with  his  own.  The  first  edition  of  'Sartor 
Resartus'  in  America  was  introduced  by  him  in 
a  preface,  and  he  took  charge  later  of  American 
editions  of  the  'French  Revolution'  and  the 
earlier  essays  of  Carlyle,  by  all  which  the 
author  received  from  sales  in  America  before 
1842  about  $1,000,  which  he  assured  Emerson 
was  more  than  he  had  then  got  from  his  books 
(not  his  review  articles)  in  Great  Britain.  Emer- 
son also  edited  the  first  edition  of  Jones  Very  in 
1839,  and  promoted  the  earlier  volumes  of 
Ellery  Channing  and  Thoreau  from  1840  to 
1854,  when  Thoreau  issued  the  second  of  the 
only  two  volumes  published  in  his  lifetime. 
Altogether,  for  Carlyle,  Margaret  Fuller  and 
his  other  friends,  he  had  caused  to  be  printed 
three  times  as  many  volumes  as  appeared  of  his 
own  writing  during  the  20  years  after  his 
second  marriage  in  1835.  In  1852,  while  in  the 
midst  of  his  lecturing  popularity,  he  paused  at 
Buffalo,  N.  Y.,  from  one  of  his  extended  tours 
to  urge  on  his  friends  at  Plymouth  to  gratify 
the  ambition  of  Ellery  Channing,  who  would 
figure  as  a  lecturer  as  well  as  a  poet.  Emerson 
wrote  then  to  Marston  Watson,  the  "Plymouth 
Evelyn,"  as  Alcott  styled  him,  thus  (4  Jan. 
1852)  : 

Mr.  Scherb  is  a  very  proper  person  to  take  a  part  in 
your  series  of  Sunday  lectures,  and  will  gladly  do  so.  One 
other  person  I  should  like  well  to  have  engaged,  my  friend 
Ellery  Channing.  But  I  dare  not  quite  say  he  has  any 
tocture  for  your  purpose.  until  I  hear  his  lecture  on  the 
'  Future.'  iioth  the  others  of  his  three  I  have  heard;  and 
though  they  are  full  of  wit  and  criticism  or  sarcasm  all 
round  the  compass,  he  needs  practice  and  pruning.  I  am 
sorry  on  his  very  account  to  leave  home  iust  now;  for  I  wish 
more  that  he  should  lecture  than  that  I  should. 

As  a  poet  Emerson  had  been  slightly  known 
to  his  youthful  associates  in  college  and  else- 
where, and  in  1834  he  had  been  invited  to  write 
the  customary  poem  for  the  Phi  Bctta  Kappa 
anniversary  at  Harvard  and  did  so.  But  he 
was  dissatisfied  with  it  and  for  some  years  after 
did  not  publish  verses.  In  1837  he  sent  to  his 
friend  J.  F.  Clarke  at  Louisville,  Ky.,  for 
printing  in  the  Western  Messenger  of  Louis- 
ville and  Cincinnati  three  poems  of  his  earlier 
composition,  and  he  continued  to  print  others  in 
The  Dial  In  1846  he  collected  these  and 
others  in  a  small  volume,  printed  in  Boston  and 
London  in  1847,  and  he  issued  another  volume, 
largclv  made  up  from  contributions  to  the 
Atlantic  Monthlx,  in  1867.  His  son  has  added 
many  poems  and  fragments  in  the  final  edition, 
so  that  it  is  now  possible  to  judge  of  Emerson 
as  poet  by  a  perusal  of  all  that  he  wrote  in 
metre.  At  first  his  verse  attracted  little  atten- 
tion, except  by  parodists,  who  viewed  it  as 
something  comical  and  to  be  satirized ;  this  he 
had  expected,  for  it  had  happened  with  his 
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prose  also.  But  even  those  who  admired  and 
quoted  his  poetical  prose  were  rebuffed  by  his 
irregular  and  difficult  verse,  and  only  some  20 
years  after  the  volume  of  1847  did  it  begin  to 
be  recognized  that  here  was  a  philosopher  put- 
ting his  thought  into  oracular  verse,  some  of 
which  was  becoming  proverbial,  as  oracles  arc 
wont  to  be.  Since  1884,  when  at  the  summer 
session  of  the  Concord  School  of  Philosophy 
this"  feature  of  his  poetry  was  set  forth,  it  has 
become  a  fashion  to  interpret  it  in  readings; 
and  the  essence  of  his  deeper  philosophy  is  best 
given  in  his  verse;  a  key  to  the  whole  Emer- 
sonian theory  of  the  universe  being  found  in 
the  oracular  'Sphinx*  of  the  first  'Poems,' 
where  it  stands  at  the  beginning  as  befits  a  key. 
Besides  this  philosophic  quality  there  is  also 
much  of  the  high  literary  character  in  single 
poems  devoted  to  love,  friendship,  patriotism 
and  the  cause  of  liberty. 

Had  it  been  predicted  in  1847,  when  Harvard 
professors  were  scoffing  at  Emerson's  verse  and 
declaring  his  philosophy  unintelligible,  that  60 
years  later  Harvard  would  be  teaching  philoso- 
phy in  a  spacious  hall  named  for  Emerson  and 
built  in  part  by  the  contributions  of  his  followers 
and  friends,  the  prophecy  would  have  been 
classed  with  almanac  presages  of  the  weather. 
Yet  that  very  thing  has  happened  and  happened 
partly  in  consequence  of  the  10  years'  continu- 
ance, from  1879  to  1888,  of  the  summer  school 
of  philosophy  and  literature  just  mentioned. 
This  school  carried  out  an  early  dream  of 
Emerson  and  Alcott,  who  both  took  part  in  it 
till  Emerson's  death  in  April  1882  and  Alcott's 
stroke  of  paralysis  in  the  following  October.  It 
brought  together  speculative  men  of  different 
schools,  all  in  their  way  idealists,  and  it  raised 
into  prominence  Emerson's  share  in  quickening 
and  deepening  philosophic  ideas  in  America. 

Emerson  had  published  his  'English  Traits,* 
a  masterly  summary  of  English  history  and 
character,  in  1856;  in  1857  he  became  a  leading 
writer  for  the  new  Atlantic;  in  1860  published 
the  'Conduct  of  Life';  in  1864,  'Society  and 
Solitude* ;  in  1874  a  selection  of  poems  (omi^ 
ting  his  own)  called  'Parnassus*;  and  in  1876 
'Letters  and  Social  Aims,*  edited  by  his  subse- 
quent biographer,  Elliot  Cabot.  During  the 
Civil  War  he  was  a  frequent  orator  for  the 
Union  and  emancipation,  and  his  political 
speeches  have  been  posthumously  collected  in  a 
volume  of  'Miscellanies,*  published  in  1883  and 
enlarged  in  the  Centenary  edition.  A  volume  of 
♦Lectures  and  Biographical  Sketches*  (1883  and 
1**04)  gives  his  posthumous  lectures  and  per- 
sonal tributes,  and  a  final  volume  (1893  and 
l'XM).  'Natural  History  of  Intellect,*  gives 
others,  and  a  general  index,  long  needed. 

The  classification  of  topics  in  these  later 
books  docs  not  well  agree  with  the  titles,  and 
there  are  still  other  volumes  promised  from 
Emerson's  journals  and  letters,  although  these 
have  been  much  drawn  upon  in  notes  to  the  12 
volumes  already  issued.  It  rcm.-flns  for  some 
future  editor  to  arrange  the  writings  with  a 
better  regard  to  their  chronological  sequence, 
since  the  estimate  of  Emerson  as  a  writer  de- 
pends somewhat  on  the  observed  growth  and 
decline  of  his  powers  as  in  the  analogous  cases 
of  Plato  and  Goethe. 

It  is  in  the  class  with  these  two  world- 
renowned   authors   that    Emerson   will  stand 


hereafter.  Less  copious  and  less  imaginative 
than  either  Plato  or  Goethe,  he  is  not  less 
original  than  they,  and  his  expression  of  pro- 
found thought  and  ethical  truth  was  guided  by 
a  taste  often  better  than  theirs.  Much  man- 
nerism and  many  repetitions  are  found  in  his 
books  as  in  theirs  *,  many  apparent  inconsisten- 
cies also,  as  with  them.  But  these  last  grew  out 
of  the  development  of  his  thought  and  his  in- 
creasing perception  of  the  complexity  of  the  two 
worlds,  Nature  and  Man.  Of  his  many  biogra- 
phers and  critics  few  have  fully  comprehended 
him  —  they  furnish  material  for  final  judgment 
rather  than  a  statement  to  satisfy  future  readers. 
The  best,  in  this  view,  are  Elliot  Cabot  and  Dr. 
Emerson,  to  whom  the  world  is  indebted  for 
much  material  drawn  from  the  manuscripts  and 
not  found  in  type  elsewhere. 

Emerson's  health  and  vigor  failed  after  tht 
partial  burning  of  his  house  in  1872,  and  his 
last  tour  abroad,  in  1872-73,  did  not  restore  him 
He  continued  active  for  years,  though  with- 
drawing more  and  more  from  publicity  by 
reason  of  his  failing  memory.  His  virtuous 
and  serene  nature  remained  unshaken  by  these 
accidents  of  mortality,  and  his  final  illness, 
though  pathetic  from  his  anxiety  to  avoid  bur- 
dening others,  was  short  and  hardly  afflictive. 
His  wife  and  three  of  his  four  children  survived 
him  —  Mrs,  Emerson,  the  mother  of  all,  dying 
in  1892  at  the  age  of  90.  His  descendants  arc 
numerous,  by  various  names ;  his  friends  arc 
numberless,  for  he  never  had  a  personal  enemy 
and  he  inspired  affection  almost  as  much  as 
admiration.  Sec  Emerson's  Essays;  Tran- 
scendental Philosophy. 

Bibliography. —  Memoirs  of  Emerson  in 
various  forms  began  to  appear  even  before  his 
death  in  1882,  the  first  good  one  being  by  G.  W. 
Cooke  (Boston  1881),  'Ralph  Waldo  Emerson, 
His  Life,  Writings  and  Philosophy* ;  followed 
in  1882  by  Alcott's  last  book,  'An  Estimate  of 
Emerson's  Character  and  Genius  in  Prose  and 
Verse.'  In  1883,  supplemented  in  1885,  appeared 
'The  Correspondence  of  Carlyle  and  Emerson,' 
edited  by  Prof.  C.  E.  Norton,  containing  much 
not  found  in  any  biography  of  cither.  'The 
Genius  and  Character  of  Emerson.  Lectures  at 
the  Concord  School  of  Philosophy*  (Boston 
1884)  contains  estimates  by  12  or  15  literary  and 
philosophic  friends.  The  authentic  biography 
is  'A  Memoir  of  Ralph  Waldo  Emerson'  by 
J.  Elliot  Cabot  (Boston  1887)  ;  the  best  brief 
biography  is  Dr.  Richard  Garnctt's  'Life  of 
Ralph  Waldo  Emerson'  (London  1888).  Dr. 
E.  W.  Emerson's  'Emerson  in  Concord,  a 
Memoir'  (Boston  1889),  is  a  supplement  to 
Cabot's  memoir,  dealing  chiefly  wtth  Concord 
incidents.  The  largest  recent  addition  to  our 
knowledge  of  Emerson's  life  and  writing  is 
found,  however,  in  Dr.  Emerson's  12  volumes 
of  the  Centenary  edition  of  1904,  containing  at 
least  1,000  pages  of  new  matter,  with  many 
dates  and  incidents  not  elsewhere  recorded 
(Boston  1903-04).  Consult  also  'Letters  from 
Ralph  Emerson  to  a  Friend,'  edited  by  C  E. 
Norton  (ib.  1899)  ;  Cooke.  G.  W..  'Bibliogra- 
phy of  Ralph  Waldo  Emerson*  (ib.,  1908); 
Howells.  'Literary  Friends  and  Acquaintance* 
(New  York  1900) ;  Eliot,  'Emerson  as  a  Seer* 
(Boston  1904)  ;  Morley,  John,  'Critical  Miscel- 
lanies' (Vol.  I,  London  1893);  Cary.  'Emer- 
son, Poet  and  Thinker'   (New  York  1904); 
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Sanborn,  F.  B..  'Personality  of  Emerson*  (ib. 
1904);  Dugard,  M.,  'Ralph  Waldo  Emerson; 
sa  vie  ct  son  ocuvrc'  (Paris  1907)-  Harrison, 
I.  S.,  'Teachers  of  Emerson'  (New  York 
1910);  Maeterlinck,  Maurice,  'Emerson  and 
other  Essays'  (English  trans.,  ib.  1912).  An 
extensive  literature  concerning  Emerson  exists 
in  French,  German  and  Italian,  and  he  is 
studied  to  some  extent  in  Scandinavia,  Russia, 
Greece,  Persia  and  India.  The  autobiographies 
of  M.  D.  Conway  and  A.  D.  White  (1904-05) 
contain  something  on  these  points. 

F.  B.  Sanbosn, 
Author  of  'Life  of  Emerson.* 

EMERSON'S  ESSAYS.  In  1841  Emerson 
published  a  volume  which  he  called  simply 
'Essays.'  When  he  published  another  volume 
of  the  same  kind  he  called  it  'Essays:  Second 
Scries.  >  So  these  two  books  —  the  First  and 
Second  Series  —  may  properly  be  called  'Em- 
erson's Essays.'  The  name,  however,  mav  also 
be  taken  to  cover  all  of  Emerson's  work,  for 
although  his  later  volumes,  which  were  gener- 
ally collections,  often  had  lectures  as  well  as 
essays,  there  was  no  very  striking  difference 
between  the  two  forms.  Emerson  usually 
wrote  as  if  he  were  speaking  to  some  one,  so 
that  his  essays  always  have  the  spoken  tone; 
and  in  the  actual  lectures  which  he  really  de- 
livered, he  gave  his  thoughts  much  the  same 
turn  as  if  he  were  writing  a  book.  The  'Es- 
says: First  Series'  are,  however,  both  in 
thought  and  expression  the  most  characteristic 
thing  Emerson  ever  did.  In  the  matter  of 
style  'Emerson's  Essays'  are  like  Bacon's 
(q.v.)  in  one  way;  they  are  series  of  reflections 
and  meditations  rather  than  finished  treatises. 
If  Emerson  writes  on  history  or  on  art,  we  arc 
not  to  expect  a  systematic  account  of  the  sub- 
ject, complete  within  the  range  allowed  by  its 
length ;  we  have  something  very  different. 
While  the  course  of  thought  is  not  rambling 
or  disconnected,  yet  the  essay  makes  its  im- 
pression chiefly  by  the  sense  and  meaning  of 
each  idea  as  we  come  to  it,  by  the  illustrations 
or  the  figures;  bv  the  interest  of  each  clement, 
in  short,  rather  than  by  the  round  of  completed 
thought  which  it  presents.  This  kind  of  ex- 
pression has  one  great  advantage  at  least,  for 
it  gives  us  Emerson's  thought  with  the  utmost 
sincerity  and  genuineness  and  permits  him  to 
say  exactly  what  he  wants  to  say  and  exactly 
as  he  wants  to  say  it.  His  method  of  writing 
aided  in  this  effort ;  he  used  to  write  down  his 
thoughts  day  by  day  in  a  'Journal,'  and  when 
he  wrote  an  essay  on  any  subject  he  would 
gather  up  whatever  he  had  said  on  the  matter 
at  any  other  time  and  use  it.  His  'Journals' 
have  relatively  little  as  to  his  goings  and  com- 
ings about  Concord  or  about  the  house,  but 
they  are  very  full  of  what  he  was  thinking 
about.  And  his  thoughts  were  very  likely  to 
be  not  about  everyday  things,  but  about  larger 
questions  and  the  philosophies  of  life.  One 
finds  in  the  'Essays,'  then,  the  real  essence 
of  Emerson's  thought  —  sincere,  original,  inde- 
pendent, undistorted,  unadorned,  unmingled. 
Here  we  have,  not  merely  what  he  might  think 
on  sitting  down  to  write,  but  the  sum  and  sub- 
stance of  his  thinking  on  the  matter,  as  it  had 
for  years  simmered  and  distilled  in  his  mind 
till  it  left  the  pure  and  concentrated  essence. 
Thus  his  writing  has  a  very  personal  quality, 
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although  there  is  none  of  the  gossipy  char- 
acter which  we  often  think  of  as  belonging  to 
the  personality  of  the  essayist  It  is  Emerson 
himself,  so  intent  on  his  thought  that  we  for- 
get that  it  is  Emerson.  As  to  what  the  thought 
is,  that  will  be  better  found  in  the  article  on 
Emerson.  It  may  be  said  here,  however,  that 
Emerson  was  interested  in  philosophy  in  its 
broad  sense,  namely  as  the  knowledge  of  him- 
self and  the  universe  that  enables  a  man  to  get 
the  best  out  of  life.  Two  comments  may  be 
quoted:  one  by  Lowell  from  'My  Study  Win- 
dow's' who  said  of  Emerson's  later  lectures 
that  even  if  the  meaning  were  not  always  clear, 
one  always  felt  that  something  beautiful  had 
passed  that  way;  and  the  other  by  Matthew 
Arnold  in  'Discourses  in  America,'  that  what- 
ever Emerson  might  be  as  poet  and  philosopher, 
he  was  pre-eminently  the  guide  and  companion 
of  those  who  wish  to  live  by  the  spirit.  The 
'Essays'  and  'Journals'  may  be  compared  in 
the  recent  authorized  editions  edited  by  Edward 
Waldo  Emerson  and  Waldo  Emerson  Forbes, 

Edward  E.  Hale. 

EMERTON,  Bphraim,  American  histo- 
rian: b.  Salem,  Mass.,  18  Feb.  1851.  He  was 
graduated  at  Harvard  1871  and  studied  in  Leip- 
zig, becoming  instructor  in  Harvard  1876,  and 
professor  of  ecclesiastical  history  there  1882. 
His  works  include:  'Synopsis  of  History  of  Con- 
tinental Europe';  'The  Study  of  Church  His- 
tory' ;  'The  Practical  Method  in  Higher  His- 
torical Education'  (1885);  'An  Introduction  to 
the  Study  of  the  Middle  Ages'  (1888);  'Me- 
diaeval Europe'  (1894);  'Desiderius  Erasmus'; 
'Heroes  of  the  Reformation';  'Sir  William 
Temple  und  die  Tripleallianz  vom  Jahre,  1668' ; 
'Unitarian  Thought'  (1911). 

EMERTON,  James  H.,  American  natural- 
ist and  illustrator :  b.  Salem,  Mass.,  1847.  He 
is  the  illustrator  of  Packard's  'Guide  to  the 
Study  of  Insects' ;  Scudder's  'Butterflies  of 
North  America1;  Vcrrill's  papers  in  'Reports 
of  the  United  States  Fish  Commission'  (1884); 
and  Minot's  'Embryology.'  He  is  the  author 
of  seven  papers  on  "New  England  Spiders*  in 
the  'Transactions'  of  the  Connecticut  Acad- 
emy; 'The  Structure  and  Habits  of  Spiders' 
(1878)  and  'Common  Spiders  of  the  United 
States'  (1902).  Emerton  constructed  anatomi- 
cal and  zoological  models  for  museums  at 
Cambridge,  New  Haven,  New  York  and  Wash- 
ington. 

EMERY,  Henry  Crosby,  American  econo- 
mist :  b.  Ellsworth,  Mc.,  21  Dec.  1872.  In  1892 
he  was  graduated  at  Bowdoin  and  later  studied 
at  Harvard,  Columbia  and  Berlin.  From  1894 
to  1900  he  was  instructor  and  professor  of 
political  economy  at  Bowdoin  and  from  1901 
to  1909  was  professor  of  political  economy  at 
Yale.  In  1909  he  was  made  chairman  of  the 
United  States  Tariff  Board,  but  returned  to  his 
chair  at  Yale  in  1913.  He  has  written  'Specu- 
lation on  the  Stock  and  Produce  Exchanges 
of  the  United  States'  (in  'Columbia  Univer- 
sity Studies'  (1896);  'The  Tariff  Board  and 
Its  Work'  (1910)  ;  'The  Work  of  the  Tariff 
Board  in  Connection  with  the  Cotton  Industry' 
(1911);  'Politician,  Party  and  People'  (1913); 
'Some  Economic  Aspects  of  War'  (1914). 

EMERY,  John  Runkle,  American  jurist: 
b.  Flemington,  N.  J.,  6  July  1842;  d.  Morris- 
town,  N.  J.,  30  Jan.  1916.    He  was  graduated 
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at  Princeton  in  1861  and  at  the  Harvard  Law 
School  1864.  He  was  admitted  to  the  New 
Jersey  bar  in  1865.  He  was  vice-chancellor  of 
New  Jersey  from  1895  to  1  Jan.  1916,  when  he 
retired  under  the  veteran  retirement  act. 

EMERY,  Stephen  Albert,  American  mu- 
sician:  b.  Paris.  1841;  d.  1891.  He  studied 
at  Leipzig  where  among  his  masters  were  such 
lights  as  Hauptmann,  Plaidy  and  Richter.  He 
removed  later  to  Dresden  and  continued  his 
studies  under  Spindlcr.  Shortly  after  his  re- 
turn to  America  he  became  instructor  at  the 
New  England  Conservatory  in  Boston.  He 
was  three  years  in  this  position  when  he  be- 
came professor  of  harmony  and  counterpoint 
at  the  newly  founded  College  of  Music  of  Bos- 
ton University.  He  wrote  pianoforte  pieces, 
songs,  string  quartets  and  textbooks  on  piano- 
forte playing  and  the  elements  of  harmony. 

EMERY,  an  impure  variety  of  the  mineral 
corundum  (q.v.),  reddish  brown,  black,  blue 
black  or  gray  in  color  and  next  to  the  diamond 
the  hardest  mineral  known  but  is  not  crystal- 
lized. It  consists  of  nearly  pure  alumina  (65 
to  75  per  cent)  and  oxide  of  iron  and  a  small 
amount  of  silica  and  water.  Emery  occurs  in 
large  boulder-like  masses,  closely  resembles  a 
fine-grained  magnetite  ore  in  texture  and  is 
often  mistaken  for  it.  In  its  native  form  its 
value  as  an  abrasive  has  been  known  from  the 
earliest  times  and  many  references  are  made 
to  it  in  books  by  Greek  authors.  Then  as  now 
it  was  used  in  cutting  and  polishing  jewels  and 
intaglii  in  the  sculpture  of  statuary  from  the 
harder  rocks  and  in  polishing  marble.  It  was 
undoubtedly  used  by  the  Egyptians  and  there 
are  many  evidences  of  the  use  of  it  or  as  hard 
a  substance  in  the  manufacture  of  prehistoric 
stone  implements. 

As  now  used,  in  its  pulverized  form,  it  is 
one  of  the  most  useful  substances  known  to  the 
arts.  The  rock  is  broken  in  powerful  crushers 
and  stamping-mills  and  separated  into  powders 
of  varying  degrees  of  fineness  by  screens  or  by 
elutriation.  These  powders,  varying  from  par- 
ticles one-tenth  of  an  inch  in  diameter  to  the 
finest  flour,  are  sprinkled  with  water  or  oil  upon 
the  lead  wheel  of  the  lapidary,  or  spread  upon 
wood,  paper  or  cloth  to  which  a  thin  layer  of 
glue  has  been  previously  applied ;  or  as  has  been 
found  to  be  its  most  effective  application,  mixed 
with  various  adhesive  substances  and  molded 
into  solid  wheels.  Emery-stones  of  various 
shapes  and  sizes  are  also  made  in  the  same 
manner. 

Emery-wheels  are  now  made  up  to  36  inches 
in  diameter  and  from  four  to  six  inches  in  thick- 
ness and  in  every  variety  of  coarseness  from 
rough  shapcrs  to  fine  polishers  for  brass  and 
steel.  The  cementing  material  is  usually  a 
secret  with  the  manufacturer  and  upon  this  and 
upon  the  quality  of  emery  used  depends  the 
cost  and  the  subsequent  life  and  usefulness  of 
the  wheel.  Properly  mounted  and  turned  at  a 
proper  speed  it  is  our  most  effective  cutting 
tool,  tearing  its  way  rapidly  into  chilled  castings 
that  the  best  file  will  not  cut,  or  taking  the  teeth 
instantly  off  the  hardest  file.  Special  points  to 
be  observed  are  uniformity  of  texture,  that  the 
wheel  may  wear  away  evenly  under  use;  care- 
fully fitted  bearincrs,  that  there  may  be  no  vibra- 
tion under  the  high  speed  at  which  it  is  run; 


the  wheel  must  not  be  fitted  closely  to  either 
mandrel  or  flanges,  lest  expansion  by  heat  burst 
the  wheel;  and  the  cementing  material  of  the 
wheel  must  be  able  to  resist  the  tendencies  to 
centrifugal  disruption  and  to  melting  under  the 
heat  generated  by  its  friction  with  the  object 
being  cut.  Its  effective  speed  must  have  been 
determined  and  tested  ana  the  degree  of  pres- 
sure with  which  the  work  is  to  be  applied  must 
likewise  be  ascertained.  Emery  wheels  that  have 
become  misshapen  through  use  are  turned  true 
by  various  special  contrivances,  all  of  which 
must  have  a  cutting  edge  of  rough  diamond. 
Wheels  are  often  shaped  for  special  work  in  the 
same  manner. 

The  present  supply  of  emery  is  chiefly  from 
the  island  of  Naxos  and  from  near  Smyrna. 
Turkey.  A  small  amount  is  mined  near  Chester, 
Mass.,  and  Peckskill,  N.  Y.,  and  it  is  found  in 
insignificant  quantities  elsewhere  in  the  United 
States.  Corundum  and  precious  sapphire  have 
been  found  in  Georgia  and  North  Carolina. 
Consult  Merrill,  (Non- Metallic  Minerals'  (New 
York  1910)  and  Pratt,  < North  Carolina  Geolog- 
ical Survey >  (1905). 

EMERYVILLE,  Cal.,  city  in  Alameda 
County,  on  San  Francisco  Bay,  near  Oakland, 
on  the  Atchison,  Topcka  and  Santa  Fe  Rail- 
road. It  has  large  stockyards,  packing-houses, 
iron  foundries,  paint  and  rubber  works,  cracker 
factories  and  fertilizer  plants.  Shell  Mound 
Park,  so  named  from  an  Indian  mound,  is  the 
most  noteworthy  feature.    Pop.  2,613. 

EMESA,  an  ancient  town,  now  called  Hems. 
See  Hkms. 

EMETIC,  any  agent  used  to  induce  vomit- 
ing. In  medicine  the  emetics  that  are  used  are 
now  few  in  number.  The  main  object  to  be  at- 
tained by  their  use  is  to  empty  the  stomach  of 
irritating  or  poisonous  contents.  As  most 
emetics  act  strongly  on  the  sympathetic  nervous 
system,  they  also  cause  muscular  relaxation,  di- 
lated arteries  and  a  sense  of  weakness,  amount- 
ing at  times  to  collapse.  Emetics  are  usually 
classified  as  local  or  as  systemic  —  those  act- 
ing directly  on  the  stomach  walls,  such  as  luke- 
warm water,  mustard,  alum  and  the  more  vio- 
lent corrosive  metallic  salts,  or  those,  as  copper 
sulphate,  whose  influence  is  exerted  on  the  cen- 
tral nervous  system,  after  first  being  absorbed 
into  the  blood.  Of  these  tartar  emetic,  ipecac- 
uanha and  apomorphine  arc  examples.  Emetics 
should  be  given  with  caution.  In  children  par- 
ticularly the  stronger  emetics  often  cause  great 
prostration  and  if  a  child  be  suffering  from  a 
disease  that  causes  heart  weakness,  such  as 
diphtheria,  emetics  arc  not  advisable.  In  cases 
of  poisoning  emetics  should  be  promptly  given, 
but  washing  out  the  stomach  by  means  of  a 
flexible  rubber  tube  is  preferable.  It  is  some- 
times justifiable  to  give  emetics  when  there 
seems  to  be  danger  of  asphyxiation  from  re- 
tained mucus  in  the  bronchial  tubes.  The  relax- 
ation following  emcsis  is  sometimes  remarkable. 
Sec  Toxicoi-ogy. 

EMETINE,  an  alkaloid  occurring  in  ipe- 
cacuanha and  constituting  its  chief  active  pnn- 
ciple.  It  can  be  extracted  from  ipecacuanha 
by  moistening  the  finely  powdered  root  with 
ammonia  and  extracting  with  alcohol.  From 
the  total  alkaloids  so  isolated,  emetine  is  sepa- 
rated by  extraction  with  ether  in  the  presence 
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of  alkali.  Its  chemical  formula  has  not  been  es- 
tablished with  certainty,  but  is  considered  to  be 
C»HmOiXi.  Emetine  is  sparingly  soluble  in 
water  and  in  ether,  though  it  dissolves  readily 
in  alcohol,  chloroform,  carbon  disulphidc  and 
various  essential  oils.  It  is  colorless,  but  is 
turned  to  a  yellow  by  the  action  of  sunlight. 
When  taken  internally  in  considerable  doses  it 
acts  as  a  powerful  emetic,  to  which  circum- 
stance it  owes  its  name. 

EMEU.  See  Emu. 

EMIGRATION,  the  removal  of  the  popula- 
tion of  a  country  or  region  for  the  purpose  of 
settling  elsewhere.  Within  the  United  States 
the  movement  of  population  from  the  Eastern 
States  to  the  Western,  or  from  the  Northern 
to  the  Southern  is  properly  termed  emigration, 
but  no  statistics  are  kept  as  to  such  movements. 
The  removals  from  the  United  States  to  for- 
eign countries,  however,  are  recorded  by  the 
Commissioner  General  of  Immigration  and 
embodied  in  his  annual  report  to  the  Secretary 
of  Labor. 

In  the  United  States  two  classes  of  emigra- 
tion are  recognized:  first,  the  flow  of  aliens 
who  came  into  the  country  as  immigrants  back 
to  their  native  lands;  second,  the  emigration 
of  United  States  citizens  to  other  countries. 

For  the  fiscal  year  ended  30  June  1917  the 
departing  emigrants  included  in  the  first  class 
numbered  66,277 — a  figure  which  must  be 
compared  with  those  of  previous  years  to  gain 
a  fair  estimate  of  emigration  under  normal 
conditions.  In  1915-16  the  number  was  129,765 ; 
in  1914-15.  204,074;  in  1913-14,  303,338;  in 
1912-13,  308,190;  in  1911-12,  333.262  — the  larg- 
est record  for  any  one  year.  The  influence  of 
the  war  is  readily  noticeable.  Of  the  total  alien 
emigration  for  the  year  1916-17,  15,924  were 
women  and  children.  The  chief  occupations 
of  the  38,649  men  who  emigrated  were  as 
follows :  laborers,  24,801 ;  mechanics,  5,700 ; 
servants,  4,005;  professional  men,  1,930;  miners, 
1,049.  The  destinations  of  the  larger  groups 
of  these  departing  aliens  were :  British  North 
America,  18,994;  Italy,  12,542;  Russia,  5,947; 
West  Indies,  5,891;  England,  2,798;  Spain, 
2,491;  France,  2,064;  Greece.  2,034;  China, 
1,871;  Norway,  1,633;  Portugal,  1,353;  Ireland, 
1,027;  South  America,  993;  Sweden,  969; 
Mexico,  812. 

The  number  comprised  in  the  second  class 
cannot  be  determined  from  the  United  States 
records,  but  as  the  only  considerable  emigra- 
tion of  United  States  citizens  is  into  Canada, 
the  figures  must  be  obtained  from  the  records 
of  the  Canadian  Immigration  Office.  From 
these  it  appears  that  61,389  former  residents  of 
the  United  States  entered  Canada  as  immigrants 
in  the  fiscal  year  ended  30  June  1917.  It  is  a 
significant  fact  noted  by  Canadian  officials  that 
this  immigration  from  the  United  States  con- 
stituted 81  per  cent  of  the  total  immigration 
for  that  year.  In  addition  to  this  large  num- 
ber admitted,  17,988  residents  of  the  United 
States  who  attempted  to  enter  Canada  in  that 
year  as  immigrants  were  rejected  as  undesir- 
ables. It  is  of  interest  to  note  in  passing  that 
the  Canadian  reports  show  that  since  emigra- 
tion from  the  United  States  into  Canada  be- 
gan in  1898  and  1899,  the  number  of  such  immi- 
grants totals  1,178.764  persons  — out  of  a  grand 
total  of  immigration  of  about  3,250,000  from 


all  countries ;  and  about  225,000  other  residents 
of  the  United  States  have  been  refused  admis- 
sion in  the  same  period  because  of  their  un- 
desirable character  or  destitute  circumstances. 
The  earlier  emigrants  were  chiefly  former 
Canadians  who  had  settled  in  the  United  States, 
but  returned  to  take  advantage  of  improved 
conditions.  Later  there  were  added  to  this 
group  numbers  of  European  immigrants  who 
did  not  become  naturalized  in  the  United  States. 
The  larger  part  of  the  more  recent  emigration 
from  the  United  States  into  Canada  has  been 
of  American-born  citizens  who  have  been  at- 
tracted by  the  inducements  of  the  Canadian 
Provincial  land  offices  and  by  the  great  mining 
opportunities  in  Western  Canada,  made  avail- 
able by  the  completion  of  the  Canadian  trans- 
continental railroads.  See  United  States  — 
Immigration  to. 

EMIGRES,  a-me-gra',  a  French  term  for 
those  who  have  been  compelled  to  leave  their 
country  on  account  of  religious  persecutions,  as 
did  the  Huguenot,  for  instance,  in  the  17th  cen- 
tury, or  for  some  other  causes.  The  term, 
however,  is  now  most  commonly  applied  to 
those  Frenchmen,  many  of  them  of  noble  family, 
who  left  France  at  the  commencement  of  the 
first  French  Revolution.  Princes,  nobles  and 
prelates  crossed  the  frontier  into  Switzerland, 
Germany  and  Holland,  and  even  penetrated  as 
far  as  Italy.  Their  conduct  made  the  position 
of  Louis  as  a  constitutional  monarch  untenable, 
for  they  were  constantly  plotting  with  the 
enemies  of  France.  Proscription  followed:  be- 
tween October  1792  and  the  dissolution  of  the 
convention  more  than  300  laws  were  passed 
against  the  emigres  and  their  relatives.  The 
relatives  who  remained  behind  Were  formed 
into  an  ostracised  class,  deprived  of  civil  rights 
and  obliged  to  live  under  police  supervision, 
and  exposed  to  all  manner  of  special  fines  and 
exactions.  In  1796  relatives  were  on  the  list 
of  proscribed.  Vast  interests  depended  on  the 
maintenance  of  the  laws  against  them:  their 
property  formed  part  of  the  security  on  which 
the  assignats  had  been  issued,  and  the  granting 
of  an  amnesty  and  reclamation  would  have 
made  the  assignats  so  much  waste  paper  and 
brought  the  social  fabric  to  ruin.  At  the  head 
of  the  emigrants  stood  the  royal  princes  of 
Conde,  Provence,  and  Artois,  the  first  of  whom 
collected  a  part  of  the  fugitives  to  co-operate 
with  the  allied  armies  in  Germany  for  the 
restoration  of  the  monarchy.  At  Coblentz  a 
particular  court  of  justice  was  established  to 
settle  causes  relating  to  the  French  emigris. 
But  the  invasion  of  the  Netherlands  by 
Dumouriez  drove  them  from  these  provinces  in 
mid-winter  in  a  deplorable  condition,  while 
their  number  was  daily  increased  by  the  system 
of  violence  and  terror  carried  on  in  France. 
The  corps  of  Cond6  was  finally  taken  into  the 
Russian  service,  and  was  disbanded  in  the 
Russo-Austrian  campaign  in  1799.  When 
Napoleon  became  emperor  it  was  one  of  his 
first  acts  of  grace  to  grant  permission  to  all 
but  a  few  of  the  emigris  to  return  to  their 
country,  but  by  the  terms  of  the  charter  of  1814 
they  were  precluded  from  regaining  either  their 
status  or  their  ancient  privileges.  During  the 
Restoration  period  they  persistently  petitioned 
Louis  XVIII  and  subsequently  Charles  X  for 
reinstatement  and  indemnification,  but  though 
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a  government  grant  was  made  for  their  com- 
pensation, the  measure  was  rendered  abortive 
by  the  July  revolution.  One  of  the  largest  set- 
tlements comprising  several  thousand  acres  near 
Towanda,  Pa.,  was  made  at  the  place  now  called 
Rummersficld  on  the  Lehigh  Valley  Railroad  in 
Bradford  (and  formerly  in  Luzerne)  County. 
Here,  from  1793  to  1800,  was  a  centre  of  French 
refinement,  to  which  luxury-loving  parties  from 
the  coast  cities  came  for  the  purchase  of  articles 
from  Paris  and  students  for  the  language.  The 
place  was  called  Azilum,  Asylum  or  Frenchtown. 
Consult  Murray,  <Thc  Story  of  Some  French 
Refugees  and  their  Asilum*  (1903). 

EMILE.  After  all  deductions  have  been 
made  Rousseau's  «EmuV  or  'Emilius*  (1762) 
remains  our  most  important  treatise  on  educa- 
tion. It  is  so,  not  necessarily  because  its  prin- 
ciples are  sound  or  its  logic  always  convincing, 
but  because  it  is  a  clear  and  unequivocal  state- 
ment of  a  theory  formulated  by  one,  who  what- 
ever his  weaknesses  as  philosopher,  was  incon- 
testably  one  of  the  greatest  artists  of  the  18th 
century. 

Rousseau's  artistic  instinct  led  him  to  cast  his 
work  in  the  form  of  a  romance,  as  is  indicated 
by  the  title  ^mile'  and  it  should  be  considered 
as  such,  the  story  of  a  lad's  progress  from  in- 
fancy to  maturity,  from  helplessness  and  de- 
pendence to  complete  mastery  of  self  and  as- 
surance in  independent  activity.  It  is  unfair 
therefore  to  consider  it  as  a  practical  manual  or 
guide  for  teachers,  the  details  of  which  can  be 
transferred  without  change  to  the  schoolroom. 
It  was  its  character  as  romance,  furthermore, 
that  helped  give  it  its  astonishing  popularity. 
Rousseau  realized  that  the  situation  there  as- 
sumed was  most  unusual  and  could  not  often, 
if  ever,  be  duplicated  in  real  life.  He  sought, 
therefore,  to  inculcate  not  so  much  a  practical 
method  of  procedure  as  the  principles  on  which 
any  such  method  should  be  based.  These  prin- 
ciples attach  themselves  very  closely  to  his 
general  philosophy,  and  it  is  by  them  that  his 
theory  of  education  must  stand  or  fall. 

Underlying  his  treatise  we  find  everywhere 
the  two  cardinal  Rousscauistic  assumptions 
which  arc  the  heart  of  his  doctrine  —  man  is 
by  nature  good,  society  and  civilization  corrupt 
his  native  goodness.  For  this  reason  a  large 
part  of  the  work  of  Emile's  tutor  is  negative, 
consisting  in  preventing  misleading  contacts, 
and  the  remainder  lies  in  guiding  and  directing 
natural  desires  and  tendencies  rather  than  in 
inculcating  aims,  aspirations,  or  what  is 
generally  termed  culture.  His  object  is  not  to 
teach  any  traditional  body  of  knowledge,  but 
is  entirely  utilitarian,  directed  toward  develop- 
ing a  healthy,  vigorous,  right-minded  citizen. 
He  insists  everywhere  on  the  natural,  the 
norma/  and  the  favor  which  these  words  have 
since  enjoyed  in  connection  with  education  is 
sufficient  testimony  to  his  influence.  As  any 
just  criticism  of  Rousseau's  philosophy  involves 
a  criticism  of  his  doctrine  of  education,  wc 
refer  to  the  article  on  Rousseau  where  his 
theories  are  considered  more  at  length. 

Christian  G\uss. 

EMILIA,  a-mel'e-a,  division  of  Central 
Italy,  comprising  the  provinces  of  Bologna, 
Ferrara,  Forli,  Modena.  Parma,  Piaccnza, 
Ravenna  and  Reggio  nell'Emilia.  The  name  is 
derived  from  thc  ancient  Via.  Emilia  and  was 


built  by  the  censor  jEmiltus  Lepidus  in  ex. 
186.  It  is  a  continuation  of  the  Via  Flaminia, 
which  passed  through  these  territories.  Area 
7,993  square  miles ;  pop.  2,740,316.  Prior  to  its 
inclusion  in  the  kingdom  of  Italy,  in  1860,  it 
consisted  of  the  former  duchies  of  Parma  and 
Modena  and  the  papal  Romagna. 

EMIN  PASHA,  a'men  pash-a,  or  pash'a 
(F.duari)  Schnitzkr),  African  army  surgeon, 
governor  and  explorer:  b.  of  Jewish  parents  at 
Oppeln,  Prussia,  28  March  1840;  d.  October 
1892.  He  was  educated  at  Brcslau.  Berlin  and 
Konigsberg,  going  to  Turkey  in  1S64  and  being 
appointed  surgeon  in  the  Turkish  army  186a. 
In  1875  he  went  to  Egypt,  becoming  surgeon- 
general  of  the  Egyptian  army  under  General 
Gordon,  who  made  him  governor  of  the  equa- 
torial provinces  in  Sudan.  He  made  several 
exploring  expeditions,  his  route  surveys  extend- 
ing to  over  4,000  miles,  and  gave  to  the  world 
much  information  in  reference  to  the  fauna 
and  flora  of  that  region,  together  with  much 
geographical  knowledge.  He  also  showed  him- 
self an  enlightened  ruler,  and  was  strongly  op- 
posed to  the  slave  trade.  He  was  cut  off  from 
relations  with  the  rest  of  the  world  by  the  insur- 
rection of  the  dervishes  under  the  Mahdi  in 
1883,  although  maintaining  his  position.  The 
Egyptian  government  made  him  a  pasha  1887. 
Rescued  by  Stanley  in  1888  he  entered  the 
service  of  the*  German  East  Africa  Company 
in  1890.  He  went  with  Dr.  Stuhlman  to  East 
Africa  upon  an  exploring  expedition  and  was 
assassinated  at  the  instigation  of  Arab  slave 
raiders.  Consult  Schweitzer,  G.,  (Emin  Pasha' 
(2  vols.,  London  1898). 

EMINENCE,  as  a  designation  of  cardinal- 
ittal  dignity,  is  of  comparatively  recent  introduc- 
tion; it  dates  from  the  17th  century.  Down  to 
that  time  the  cardinals  were  addressed  by  the 
titles  Most  Illustrious  (fllustrissimus),  and 
Most  Illustrious  Lordship  (lllustrissima  Domi- 
natio)  ;  but  in  1630  Pope  Urban  VIII  pro- 
mulgated a  decree,  drawn  up  in  accordance 
with  a  report  of  the  Congregation  of  Rites, 
substituting  for  the  previous  formulas  Most 
Eminent  (  Emincntissimus) ,  and  Eminence 
(Eminentia),  respectively.  No  dignitary  but  a 
cardinal  (or  by  exception  the  Grand  Master 
of  the  Knights  Hospitallers  of  the  Order  of 
Saint  John  of  Jerusalem)  was  to  be  addressed 
in  this  form.  Further,  a  cardinal  was  to  ignore 
any  communication  addressed  to  him  in  any 
other  form ;  and  any  prelate  who  assumed  the 
title  Eminence,  or  Most  Eminent,  was  made 
liable  to  penalties.  The  title  was  also  applied 
in  the  Roman  Empire  in  its  later  days  to  the 
emperors  and  the  highest  officials. 

EMINENT  DOMAIN,  the  power  of  the 
State  to  appropriate  private  property  for  pub- 
lic use  on  payment  of  just  compensation  to  the 
owner.  A  superior  right  of  properly  subsists  in 
a  sovereignty,  by  which  private  property  may, 
in  certain  cases,  be  taken,  or  its  use  controlled 
for  the  public  benefit,  without  regard  to  the 
wishes  of  the  owner.  The  highest  and  most 
exact  right  of  property  is  immanent  in  the 
government,  or  in  the  aggregate  body  of  the 
people  in  their  sovereign  capacity,  giving  the 
power  to  resume  the  possession  of  the  property, 
in  the  manner  pointed  out  by  the  constitution 
and.  the  laws  of  the  various  States,  when  the 
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public  good  requires  it.  There  seems  to  be  no 
objection  to  considering  this  right,  theoretically 
at  least,  as  so  much  of  the  original  proprietor- 
ship retained  by  the  sovereign  power  in  grant- 
ing lands  or  franchises  to  individuals  or  corpora- 
tions, wherever  the  common-law  theory  of 
original  proprietorship  prevails.  Extraordinary 
ana  unforeseen  occasions  arise  in  cases  of  ex- 
treme necessity  in  time  of  war,  or  of  immediate 
and  impending  danger,  in  which  private  prop- 
erty mav  be  impressed  into  the  public  service, 
or  may  be  seized  and  appropriated  to  the  public 
use,  or  may  even  be  destroyed,  without  the 
consent  of  the  owner.  The  power  exists  only 
in  cases  where  public  exigency  demands  its 
exercise.  It  makes  no  difference  whether  cor- 
poreal property,  as  land,  or  incorporeal,  as  a 
franchise,  is  to  be  affected  by  the  exercise  of 
the  right.  It  is  part  of  the  constitutional  law 
of  the  United  States  that  no  person  can  be  de- 
prived of  his  property  by  eminent  domain  ex- 
cept it  be  taken  for  public  use,  by  dueprocess 
of  law,  and  for  just  compensation.  The  first 
condition  has  been  held  by  the  courts  to  in- 
clude not  only  public  improvements  carried  on 
directly  by  the  State,  as  the  construction  of 
docks,  fortifications,  etc,  but  also  private  or 
semi-public  undertakings,  as  railroad  bridges, 
etc  There  exists  some  difference  of  opinion 
as  to  what  constitutes  'due  process  of  law.» 
The  usual  method  is  by  condemnation  proceed- 
ings, determined  by  general  law.  These  are 
instituted  before  a  court  of  competent  jurisdic- 
tion, or  a  referee  appointed  for  the  purpose, 
just  as  any  equity  suit.  The  final  step  is  an  or- 
der of  condemnation  and  award.  Tnc  legisla- 
ture may.  however,  substitute  any  other  process, 
provided  the  owner  is  given  notice  of  the  pro- 
ceedings contemplated.  Just  compensation 
means  payment  of  the  full  value  of  the  property 
taken  or  of  any  interest  therein,  whether  vested 
or  contingent,  present  or  future.  (Sec  Sover- 
eignty; Taxation).  Consult  Cooley,  'Treatise 
on  the  Constitutional  Limitations  which  Rest 
upon  the  Legislative  Power  of  the  State'  (7th 
ed.,  Boston  1903)  ;  Kent.  'Commentaries  on 
American  Law'  ;  Lewis,  'Eminent  Domain'  (2d 
cd.,  Chicago  1900);  Mills,  'Eminent  Domain' 
(2d  ed.,  Saint  Louis  1888) ;  Randolph,  'Eminent 
Domain'  (Boston  1894). 

EMINBSCU,  a-men-eVkoo,  Michael,  Ruma- 
nian lyric  poet :  b.  Botuschani  1849 ;  d.  Bu- 
charest, 27  June  1889.  After  receiving  his  edu- 
cation at  Vienna  and  Berlin,  he  returned  to 
Rumania  and  wis  appointed  librarian  at  the 
University  of  Jassy.  He  was  for  a  time  editor 
of  Timpul,  a  strong  Conservative  journal,  and 
the  fierceness  of  political  strife  would  seem  to 
have  spoilt  his  fine  poetical  genius.  He  died 
in  a  madhouse.  His  fame  rests  on  his  first  vol- 
ume of  'Poems'  (1st  ed.,  1834);  they  are 
mostly  elegiosatiric,  and  touch  questions  politi- 
cal, social,  religious  and  moral ;  all  of  his 
thought  being  pervaded  by  the  philosophic  pes- 
simism of  Schopenhauer,  who  influenced  him 
profoundly. 

EMIR,  e'mer.  or  AMEER,  e-mer'  (that  is, 
noble,  princely),  a  title  of  honor  given  in  the 
East  and  in  North  Africa  to  those  who  claim 
descent  from  Mohammed  and  his  daughter  Fa- 
tima.  These  emirs  are  found  in  Arabia,  where 
diey  are  the  chieftains  of  the  Bedouins.  Their 
origin,  Jhowcver,  is  doubtful.     In  Turkey  they 


form  a  land  of  hereditary  nobility,  and  wear  as 
a  badge  a  green  turban,  as  Mohammed  is  said  to 
have  done.  They  have  certain  privileges,  but 
otherwise  no  higher  claims  to  civil  offices  than 
other  Mussulmans.  The  word  emir  is  also  ap- 
plied to  certain  offices  and  employments,  for 
example,  emir  had  it,  conductor  of  the  pilgrims 
to  Mecca ;  emir-tknor,  commander  of  the  Turk- 
ish horse;  emir-bazar,  overseer  of  the  markets; 
emir-alem,  the  Turkish  standard-bearer;  emir- 
ai  Umara,  prince  of  princes.  The  title  emir-al- 
mutnentn,  commander  of  the  faithful,  was  borne 
by  the  caliphs.  In  earlier  times  the  title  emir 
was  much  more  generally  assumed  by  nobles  and 
princes  of  high  lank.  It  was  borne,  for  instance, 
by  the  Thaherids  and  Samanids  in  Persia,  by 
the  Tulunids  in  Egypt  and  by  the  first  seven 
Ommiads  of  Cordova,  Spain.  There  were  also 
Christian  emirs  in  the  Lebanon  region  of  Pales- 
tine, who  represented  Mohammedan  clans  con- 
verted to  Christianity. 

EMMA,  Adelheid  WUhelmine  There**, 

queen  dowager  of  Holland:  b.  .Arolsen,  Ger- 
many, 2  Aug.  1858.  She  was  the  second  daugh- 
ter of  Prince  George  Victor  of  Waldeck  and 
Pyrmont,  and  was  married  7  Jan.  1879  to  King 
William  III  of  Holland  She  is  the  mother  of 
Queen  VVilhelmina  of  Holland,  and  was  queen 
regent  of  the  Netherlands  after  the  death  of 
William  III  23  Nov.  1890  until  6  Sept.  1898, 
when  her  daughter  ascended  the  throne.  She 
took  an  active  interest  in  charities,  especially 
hospitals  for  consumptives. 

EMMA.  From  the  time  of  its  publication  in 
1816,  this  has  been  one  of  the  most  highly  re* 
garded  of  the  novels  that  Jane  Austen  wrote. 
It  is  the  fruit  of  matured  artistry,  meditated 
observation  and  ripened  judgment.  The  plot 
involves  rather  more  strands  than  is  customary 
in  her  work,  but  the  main  line  of  action  is 
simple.  Emma  Woodhouse,  the  youthful  hero- 
ine, is  much  given  to  matchmaking.  Having 
married  off  her  governess  before  the  opening 
of  the  story,  she  sets  herself  to  bring  about 
other  marriages  among  her  friends  and  ac- 
quaintances. But  the  men  and  women  around 
her  are  not  mere  pawns;  they  act  in  unantici- 
pated ways;  unsuspected  factors  alter  situa- 
tions; and  in  the  resulting  comedy  of  errors 
Emma  eventually  awakens  to  the  fact  that  she 
herself  has  fallen  in  love.  Difficulties  and  mis- 
understandings are  smoothed  away  and  she  is 
happily  married.  The  easy,  natural  develop- 
ment of  the  action,  by  means  of  incidents  and 
conversations  so  normal  in  aspect  as  to  con- 
ceal the  artistry  of  their  conception,  is  espe- 
cially noteworthy.  Plot,  however,  is  subsidiary 
to  characterization.  The  book  abounds  in  living 
personalities:  the  aggressive,  vulgar  Mrs.  El- 
ton; the  valetudinarian  father  of  Emma,  with 
his  taste  for  thin  gruel;  the  immortally  loqua- 
cious, tender-hearted  Miss  Bates ;  the  admi- 
rable, thoroughly  sensible  Knightley;  and  Emma 
herself.  It  is  one  of  the  triumphs  of  Miss 
Austen's  art  that,  despite  the  writer's  fears  — 
aI  am  going  to  take  a  heroine  whom  no  one 
but  myself  will  much  like,1*  she  had  observed  — 
Emma  is  one  of  her  most  fascinating  creations- 
the  girl  is  fundamentally  generous,  sincere  and 
affectionate;  her  obvious  faults  but  serve  to 
make  her  more  richly  human  and  appealing. 
In  recounting  the  experiences  of  these  delight- 
fully normal  but  highly  individualized  char- 
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acters,  the  author  has  presented  us  with  an 
account  of  English  village  life  remarkable  for 
vitality,  wholesomencss  and  unassuming  in- 
sight, related  with  amused  tolerance  and  unob- 
trusive irony,  in  a  style  easy,  limpid  and  abso- 
lutely adequate.  The  novel  is  not  a  complete 
picture  of  life.  The  awe  and  mystery  of  the 
world,  the  stormy  passions  of  men,  have  no 
place  here.  But  what  is  done  is  clone  su- 
premely well.  The  ordinary  occurrences  of 
ordinary  lives  are  transmuted  into  the  pure 
gold  of  literature.  Consult  Howells,  \Y.  D., 
'Heroines  of  Fiction*;  Cornish,  Francis  Ware, 
'Life  of  Jane  Austen';  Smith,  Goldwin,  'Life 
of  Jane  Austen';  Scott,  Sir  Walter,  'Review 
of  Emma'  (Quarterly  Review,  Vol.  XIV,  188). 

George  B.  Dutton; 

EMMANUEL  COLLEGE,  founded  in 
connection  with  Cambridge  University  in  1584, 
by  Sir  Walter  Mildmay  as  a  Puritan  institu- 
tion. The  chapel  was  designed  by  Wren.  John 
Harvard,  who  gave  so  liberally  to  education  in 
America,  was  from  this  college.  It  consists  of 
a  master,  16  fellows  and  36  scholars.  In  1913-14 
there  were  74  undergraduates. 

EMMANUEL   MOVEMENT.  The,  so 

named  after  the  Emmanuel  Church,  Back  Bay, 
Boston,  Mass.  The  movement  was  started  by 
the  rector  of  the  church,  Rev.  Ehvood  Wor- 
cester, D.D.,  and  his  associate,  Rev.  Samuel 
McComb,  D.D.  Dr.  Worcester  had  been  re- 
siding in  Philadelphia,  where  he  enjoyed  the 
friendship  of  Dr.  S.  Weir  Mitchell,  one  of  the 
great  nerve  specialists  of  the  country.  Neither 
of  the  leaders  of  the  movement  had  studied 
medicine,  but  Dr.  Worcester  had  not  only 
studied  psychology  under  Wundt  at  Leipzig 
but  for  several  years  had  taught  the  subject 
at  Lehigh  University.  Dr.  McComb  had  studied 
the  subject  at  Oxford  University.  In  1905  work 
was  begun  with  a  tuberculosis  class  and  in  1906 
a  similar  work  was  begun  "among  the  nervously 
and  morally  diseased."  From  the  first,  the 
movement  had  the  co-operation  of  several  lead- 
ing physicians.  Dr.  Cabot  of  Boston,  Dr. 
Barker  of  Johns  Hopkins  University,  Dr.  Put- 
nam and  others  discussed  before  the  class  such 
subjects  as  worry,  anger,  habit,  suggestion,  in- 
somnia, nervousness,  what  the  will  can  do,  what 
prayer  can  do  and  similar  topics.  Patients 
were  given  mental  treatment  along  with  the 
reading  of  Scripture  and  prayer.  For  some 
time  the  movement  attracted  considerable  at- 
tention and  the  Emmanuel  Church  had  many 
imitators  in  nearly  all  denominations.  At  the 
present  time  it  seems  to  have  nearly  passed 
away.  Consult  'Religion  and  Medicine  —  The 
Moral  Control  of  Nervous  Disorders,'  by  El- 
wood  Worcester,  Samuel  McComb  and  Isador 
H.  Coriah,  M.D.  (1908);  'Faith  and  Health/ 
by  Charles  Reynolds  Brown  (1910). 

EMMAUS,  e-ma'us  or  em'ma-us,  Palestine, 
(1)  A  village,  about  eight  miles  from  Jeru- 
salem, the  place  mentioned  in  Luke  xxiv,  13. 
The  exact  location  of  this  village  is  not  known; 
the  modern  El  Kubebc,  60  furlongs  northwest 
of  Jerusalem,  on  the  road  to  Lydda,  has  in  its 
favor  as  the  location  of  Emmaus  its  distance 
from  Jerusalem  and  the  fact  that  in  109"  a.d. 
the  Crusaders  found  the  name  Castellum 
Emmaus  given  to  the  place.  Recently  the  mod- 
ern  Koloniyeh   has  been    favored  by  expert 
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opinion  as  the  site  of  Emmaus.  In  its  favor 
is  cited  the  evidence  of  its  name  to  the  coloniz- 
ing of  the  place  and  the  statement  by  Josephus 
that  Titus  planted  a  colony  of  800  veterans  at 
a  village  called  Emmaus,  30  stadia  from  Jeru- 
salem. (2)  Modern  Amwas,  the  place  men- 
tioned in  Mace,  iii,  iv  and  ix.  In  ancient  times 
and  down  to  the  conquest  of  the  Moham- 
medans, this  Emmaus  was  a  place  of  import- 
ance. Its  position,  about  18  miles  northwest 
of  Jerusalem  and  near  the  Roman  road  from 
Jerusalem  to  Jaffa,  on  the  scacoast,  made  it 
prominent.  It  was  the  capital  of  one  of  the 
10  toparchies  into  which  Juda?a  was  for  a 
time  divided.  It  was  known  as  .Nicopolis  after 
the  3d  century.  Consult  Sanday,  'Sacred  Sites 
of  the  Gospels'  (Oxford  1903),  and  Schiircr, 
'History  of  the  Jewish  People'  (Eng.  trans., 
5  vols.,  New  York  1896). 

EMMENAGOGUES,  e-min'a-gogz,  are 
agents  that  stimulate  the  pelvic  organs  and  are 
used  to  bring  about  a  restoration  or  regulation 
of  the  menstrual  function  if  it  should  be  absent 
or  abnormal.  Occasionally  absence  of  men- 
struation is  due  to  aiucmia  or  lack  of  iron  in 
the  blood,  in  which  case  taking  iron  internally, 
by  overcoming  the  anaemia,  restores  menstru- 
ation and  may  be  thus  termed  an  emmcnagogue. 
More  properly  speaking,  however,  the  term  is 
applied  to  such  drugs  as  ergot,  quinine  and 
hydrastis.  These  bring  about  direct  stimulation 
of  the  unslriped  muscles  of  the  body  and  hence 
act  most  forcibly  on  the  uterus,  it  being  the 
largest  mass  of  unstriped  muscular  tissue  in 
the  body.  Aloes,  myrrh  and  the  active  cathar- 
tics act  as  emmenagogues  by  increasing  the 
amount  of  blood  in  the  large  intestine  and  other 
pelvic  organs,  thereby  increasing  the  nutrition 
of  the  uterus.  Occasionally  massage  and  elec- 
trical applications  are  used  to  bring  about  the 
restoration  of  the  menstrual  flow  and  hence 
may  be  included  in  this  group. 

EMMERAN,  or  EMMERAM,  Sa  nt,  mar- 
tyr, bishop  of  Poitiers:  b.  the  last  of  the  6th 
century;  d.  653.  His  feast  is  kept  on  22  Sep- 
tember, but  the  exact  date  and  place  of  his 
death  is  not  known.  In  his  own  day  he  was  re- 
nowned for  his  piety  and  learning.  His  biogra- 
pher says  of  him  "For  his  great  learning  and 
sanctity  he  was  chosen  bishop  of  Poitiers  in  the 
7th  century;  he  preached  the  pure  maxims  of 
the  gospel  with  indefatigable  zeal,  without 
respect  of  persons."  After  a  time  his  zeal  led 
him  to  ask  permission  to  go  to  Bavaria  to  preach 
to  the  "infidels  and  idolaters."  After  three 
years'  work  in  Bavaria  he  began  a  journey  to 
Rome.  On  the  way  he  was  assassinated  by  men 
who  believed  false  accusations  which  a  wicked 
woman  had  made.  He  is  the  patron  saint  of 
Ratisbon,  where  he  was  buried. 

EMMERICH,  em'mer-lH,  Germany,  towr 
in  Rhenish  Prussia,  on  the  Rhine,  five  miles 
northeast  of  Cleves.  It  is  enclosed  by  walls  and 
ditches,  contains  several  ancient  and  modern 
churches,  a  gymnasium,  ecclesiastical  seminary 
and  orphanage,  and  has  manufactures  of 
woolen  and  linen  cloth,  hosiery,  leather,  ma- 
chinery, oil,  soap,  cigars,  tobacco,  etc.;  some 
shipping  and  a  free  port,  at  which  an  active 
trade  is  carried  on,  chiefly  with  Holland.  Its 
history  dates  from  the  7th  century.  In  1233  it 
came  under  the  dominion  of  the  counts  of 


Digitized  by  Google 


EMMERSON- EMMONS 


Geldcrn,  by  whom  it  was  raised  to  the  rank  of 
a  city,  but  in  1402  it  passed  to  Cleves.  In  1407 
it  belonged  to  the  Hanseatic  League  and  is 
believed  to  have  contained  then  a  population  of 
40,000.  It  subsequently  shared  the  fortunes  of 
the  duchy  of  Cleves.    Pop.  13,418. 

EMMERSON,  Henry  Robert,  Canadian 
lawyer  and  politician :  b.  Maugerville,  N.  B.,  25 
Sept.  1853.  He  entered  the  New  Brunswick 
legislature  in  1888  and  was  Premier  of  the 
province,  1896  to  1900,  when  he  was  elected  to 
the  Dominion  House  of  Commons  and  was 
Minister  of  Railways  and  Canals  in  the  Laurier 
administration,  1900-07. 

EMMET,  Robert,  Irish  patriot:  b.  Dublin 
1778;  d.  20  Sept  1803.  He  intended  to  practise 
law  and  with  that  view  studied  at  Trinity  Col- 
lege, Dublin,  from  which,  however,  in  1798  he 
was  expelled  on  the  ground  of  exciting  re- 
bellion. Subsequently  he  became  an  object  of 
suspicion  to  the  government  and  accordingly 

Juitted  Ireland  and  traveled  on  the  Continent, 
le  interviewed  Napoleon  and  Talleyrand,  the 
former  of  whom  promised  aid  to  the  Irish  revo- 
lutionary movement.  He  returned  to  Ireland 
on  the  repeal  of  the  suspension  of  the  Habeas 
Corpus  Act.  He  now  became  a  member  of  the 
Society  of  United  Irishmen,  whose  object  was 
the  establishing  the  independence  of  Ireland. 
In  July  1803  he  was  the  ringleader  in  the  badly 
planned  rising  which  had  for  its  object  the 
seizing  of  Dublin  Castle,  and  in  which  Lord 
Kilwardcn  and  several  other  persons  were 
killed,  but  which  was  almost  immediately  sup- 
pressed. Emmet  was  arrested  a  few  days  after- 
ward, tried  and  executed  by  the  sentence  of  a 
special  court.  His  fate  excited  considerable  in- 
terest from  the  circumstance  of  his  attachment 
to  Sarah  Curran,  daughter  of  the  celebrated 
barrister.  Moore  has  immortalized  his  memory 
in  <0  breathe  not  his  name,'  and  that  of  Miss 
Curran  in  the  poem  beginning  'She  is  far  from 
the  land  where  her  young  hero  sleeps.8  Con- 
sult Madden,  'Life  and  Times  of  Robert 
Emmet'  (Glasgow  1902)  ;  O'Donoghuc,  'Life' 
(Dublin  1902)  ;  'Robert  Emmet:  Causes  of  the 
Rebellion'  (London  1871). 

EMMET,  Rosina.  See  Sherwood,  Rosina. 

EMMET,  Thomas  Addis,  American  law- 
yer: b.  Cork,  Ireland,  24  April  1764;  d.  New 
York,  14  Nov.  1827.  He  was  a  brother  of 
Robert  Emmet  (q.v.),  and  being  tried  for  the 
crime  of  treason  was  sentenced  to  exile.  He 
came  to  the  United  States  and  became  a  noted 
lawyer  in  New  York.  In  1812  he  was  elected 
attorney-general  of  the  State. 

EMMET,  Thomas  Addis,  American  gyne- 
cologist :  b.  Charlottesville,  Va..  29  May  1828. 
He  is  of  a  distinguished  .Irish  family.  His 
father  was  professor  at  the  University  of  Vir- 
ginia and  his  grandfather,  after  whom  he  was 
named,  was  a  prominent  leader  of  the  Irish 
movement  for  independence  in  1798  and  after 
coming  to  America  served  as  attorney-general 
of  New  York.  He  was  a  brother  of  Robert 
Emmet  (q.v.).  He  was  graduated  at  Jefferson 
Medical  College  1850.  He  served  as  physician 
at  the  Ward's  Island  Hospital  for  Immigrants 
and  established  his  practice  in  New  York  in 
1852.  He  was  successively  assistant  surgeon, 
after  1862,  chief  surgeon  after  1872,  and  visit- 
ing surgeon  after  1900  at  the  Women's  Hos- 


pital. He  was  also  consultant  of  Roosevelt 
Hospital.  He  has  published  'Principles  and 
Practice  of  Gynecology'  and  'Ireland  under 
English  Rule'  (2  vols.,  New  York  1903).  He 
is  inventor  of  several  special  surgical  instru- 
ments and  operations. 

EMMETSBURG,  Iowa,  city,  county-scat 
of  Palo  Alto  County,  on  the  Dcs  Moines  River, 
the  Burlington  and  M.,  the  Chicago,  Milwaukee 
and  Saint  Paul  and  the  Cedar  Rapids  and  other 
railroads,  about  123  miles  northeast  of  Sioux 
City.  It  is  in  an  agricultural  section  of  the  State 
and  it  has  several  grain  elevators.  Some  of  the 
industries  are  the  manufacturing  of  butter, 
cheese,  flour,  brick,  cement  and  tile  works.  It 
contains  a  fine  lake  and  a  Carnegie  library  and 
owns  its  waterworks.    Pop.  2,325. 

EMMETT,  Daniel  Decatur,  American 
song  writer  and  negro  minstrel:  b.  Mount  Ver- 
non, Ohio,  1815.  He  served  in  the  army,  joined 
a  circus  company  1835  and  formed  the  first 
negro  minstrel  company  1842  with  Frank 
Brown,  William  Whitlock  and  Richard  Pclham, 
appearing  at  the  old  Chatham  Theatre,  New 
York,  and  later  in  Boston  and  in  England, 
where  Emmctt  remained  till  1844.  He  was  with 
Dan  Bryant  1854-65,  writing  the  famous  song 
'Dixie'  in  1859.  He  became  a  manager  1865, 
returning  to  his  native  town  1878.  He  was  a 
most  prolific  song  writer  and  among  his  pro- 
ductions were  'Old  Dan  Tucker' ;  'The  Road 
to  Richmond'  and  'The  Boatman's  Dance.' 

EMMITSBURG,  Md.,  town  in  Frederick 
County,  on  a  branch  of  the  Western  Maryland 
Railroad,  about  45  miles  northwest  of  Balti- 
more. The  town  is  known  chiefly  for  its  two 
large  educational  institutions,  Mount  Saint 
Mary's  Theological  Seminary  (q.v.),  just  out- 
side the  town's  limits,  and  Saint  Joseph's  Acad- 
emy, within  the  town.  It  contains  also  the 
mother-house  and  seminary  of  the  Sisters  of 
Charity  of  Saint  Vincent  de  Paul,  from  Paris. 
Emmitshurg  was  the  scene  of  the  labors  of 
Mother  Eliza  Seton  (q.v.)  when  establishing 
the  Sisters  of  Charity  in  the  United  States. 
There  are  about  1,800  sisters  working  in  differ- 
ent parts  of  the  country  who  belong  to  this 
mother-house.  The  city  contains  a  public  library 
and  a  museum.  Its  industries  include  cattle 
raising  and  the  manufacture  of  furniture, 
brooms  and  hosiery.  Settled  about  1757,  Em- 
mitsburg received  its  present  name  in  1785, 
was  incorporated  in  1824,  and  under  a  charter 
of  1911  is  governed  by  a  burgess  and  three 
commissioners.    Pop.  1,054. 

EMMONS,  Ebenezer,  American  geologist: 
b.  Middleficld,  Mass.,  1799;  d.  1863.  He  was 
educated  and  afterward  taught  at  Williams 
College,  later  becoming  geologist-in-chicf,  sec- 
ond district,  New  York  State  Geological  Sur- 
vey. He  introduced  the  new  Taconic  strati- 
graphic  system,  not  now  in  vogue.  He  was 
made  professor  of  chemistry  in  the  medical 
college  at  Albany  1838,  and  had  charge  of  the 
geological  survey  of  North  Carolina  1858.  His 
works  include  'Manual  of  Mineralogy  and 
Geology'  (1826)  ;  and  'American  Geology' 
(1856),  and  the  monographs  published  in  the 
reports  of  the  geological  surveys  of  New  York 
and  North  Carolina. 

EMMONS,  George  Foster,  American 
naval  officer:  b.  Clarendon,  Vt,  23  Aug.  1811; 
d.  Princeton,  N.  J.,  2  July  1884.  He  entered  the 
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navy  as  midshipman  in  1828;  was  promoted 
lieutenant  in  1841;  rear-admiral  1872;  and  was 
retired  the  next  year.  He  was  a  member  of  the 
South  Sea  exploring  expedition  under  Captain 
Wilkes  in  1838-42;  took  part  in  the  Mexican 
War;  and  during  the  Civil  War  captured  Cedar 
Keys,  Fla.,  and  Pass  Christian,  Miss.,  with  20 
prizes,  in  1862.  He  served  as  captain  of  the 
fleet  under  Dahlgren,  off  Charleston,  1863;  and 
raised  the  American  flag  over  Alaska  in  1868. 
He  published  'The  Navy  of  the  United  States, 
1775-1853 >  (1853). 

EMMONS,  Samuel  Franklin,  American 
geologist :  b.  Boston,  Mass,  29  March  1841 ;  d. 
191 1.  He  was  graduated  at  Harvard,  taking  post- 
graduate courses  at  the  Ecole  Imperiale  des 
Mines,  Paris,  and  Freiberg,  Saxony,  Mining 
School,  and  was  a  member  of  several  scientific 
societies,  including  the  National  Academy  of 
Sciences  and  the  Geological  Society  of  Amer- 
ica, of  which  he  was  president  in  1896  and  1903. 
H:  was  in  the  employ  of  the  government  almost 
uninterruptedly  after  1867  and  geologist  upon 
the  United  States  Geological  Survey,  Colorado 
division,  after  1879.  He  made  a  survey  in  1870 
of  Mount  Rainier,  the  loftiest  point  in  the 
State  of  Washington.  Among  his  writings  arc 
'Descriptive  Geology  of  the  Fortieth  Parallel 
Region'  (1877);  "Statistics  and  Technology  of 
the  Precious  Metals'  (1885);  'Geology  and 
Mining  Industry  of  Leadville,  Colorado* 
(1886) ;  < Geology  of  Lower  California*  (18'X)) ; 
'Geological  Distribution  of  the  Useful  Metals 
in  the  United  States'  (1893) ;  'Progress  of  the 
Precious  Metal  Industry  of  the  United  States' 
(1893)  :  'Geology  of  the  Denver  Basin  in 
Colorado'  (1896);  'Ten-mile  District,  Colo- 
rado* (1898)  ;  'The  Downtown  District  of  Lead- 
ville.  Colorado*  (1907);  'Ore-Deposits*  (1913). 

EMODIN,  one  of  the  active  constituents  in 
Cascara  sayrada  and  in  other  species  of  the 
genus  Rhamnus.    Emodin  acts  as  a  cathartic. 

EMORY  COLLEGE,  an  educational  insti- 
tution in  Oxford,  Ga.,  founded  in  1836  under 
the  auspices  of  the  Methodist  Episcopal  Church: 
reported  at  the  close  of  1915:  Professors  ana 
instructors  17;  students,  260;  volumes  in  the 
library,  3S.O0O. 

EMOTION,  a  complex  mental  state  inti- 
mately associated  with  our  actions  and  with 
extensive  and  often  sudden  physiological 
changes.  Among  the  more  familiar  emotions 
are  fear,  anger,  hate,  joy,  love,  pity,  pride, 
shame,  ^ricf,  awe,  contempt  and  surprise.  Thev 
almost  invariably  seem  to  involve  all  the  fol- 
lowing factors:  (1)  an  experiencing  subject; 

(2)  an  object  toward  which  they  are  directed; 

(3)  a  set  of  coexisting  actions  and  physiological 
changes  on  the  part  of  the  experiencing  sub- 
ject; (4)  the  mental  representation  of  a  future 
course  of  action,  together  with  the  intention  to 
pursue  or  to  avoid  it;  (5)  a  general  pleasant- 
ness or  unpleasantness.  The  best-known  theory 
of  the  emotions  is  that  due  to  William  James 
and  C.  Lange.  These  authorities  regard  an 
emotional  state  as  entirely  constituted  by  fac- 
tor (3),  the  set  of  coexistent  actions  and  more 
especially  of  physiological  changes  on  the  part 
of  the  experiencing  subject.  In  their  opinion, 
fear  consists  in  a  feeling  *.  .  .  of  quickened 
heart-beats,  ...  of  shallow  breathing  ...  of 
trembling  lips,  ...  of  weakened  limbs,  ...  of 
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gooseflesh  .  .  .  [and]  of  visceral  stirrings.* 
Rage  is  constituted  by  a.  .  .  ebullition  in  the 
chest,  .  .  .  flushing  of  the  face,  .  .  .  dilatation 
of  the  nostrils,  .  .  .  clenching  of  the  teeth,  .  .  . 
[and  an)  impulse  to  vigorous  action."  Each  of 
our  emotions  is  subject  to  a  similar  analysis 
and  nothing  is  found  beyond  our  awareness  of 
an  active  response  to  some  excitant  object. 

The  consciousness  of  our  own  reactions  is 
indeed  a  factor  of  the  utmost  importance  in  the 
generation  of  an  emotional  state.  Whether 
it  is  the  sole  factor  is  a  disputable  point  Cer- 
tain recent  experiments  as  to  the  nature  of  the 
vascular  and  organic  changes  characteristic  of 
emotional  states  appear  to  tell  verv  strongly 
against  the  James-Lange  theory.  As  Prof.  \V.  B. 
Cannon  writes  in  his  'Bodily  Changes  in  Pain, 
Hunger,  Fear  and  Rage,*  *In  terror  and  rage 
and  intense  elation,  for  example,  the  responses 
in  the  viscera  seem  too  uniform  to  offer  a  sat- 
isfactory means  of  distinguishing  states  which, 
in  man  at  least,  are  very  different  in  sub- 
jective quality.  For  this  reason  I  am  inclined 
to  urge  that  the  visceral  changes  merely  con- 
tribute to  an  emotional  complex  more  or  less 
indefinite,  but  still  pertinent,  feelings  of  dis- 
turbance in  organs  of  which  we  arc  not  usually 
conscious."  The  peculiar  marks  which  separate 
emotion  from  emotion  cannot  always  reside  in 
the  grosser  concomitant  actions,  for  these  arc 
by  no  means  invariably  present,  while  on  the 
basis  of  what  Professor  Cannon  has  shown, 
the  visceral  aspect  of  the  immediate  emotional 
act  is  too  generalized  to  serve  as  a  principle 
of  individuation.  The  main  differentia?  of  the 
emotions  are  to  be  found  in  the  courses  of  pur- 
posive conduct  intended  by  the  subject  and  the 
shadings  of  pleasantness  or  unpleasantness  with 
which  the  emotional  states  are  tinged.  It  is 
not  the  involuntary  organic  preparation  for 
flight  which  makes  fear  distinct  from  rage,  but 
the  conscious  intent  to  flee ;  while  no  state  of 
excitement  can  be  called  elation  unless  it  is 
distinctly  and  intensely  a  state  of  pleasure. 

The  intimate  association  between  emotion 
and  hedonic  tinge  demands  a  more  thorough 
analysis,  for  it  is  closely  connected  with  one 
of  the  most  interesting  features  of  an  emotion 
—  its  dircctedness.  Both  pleasure  and  the  most 
complex  emotion  may  have  an  object  To  be 
pleased  or  angry  or  afraid  is  usually  to  be 
pleased  or  angry  at  something,  or  in  fear  of 
something.  The  relation  between  the  emotion 
and  its  object  is  not  one  of  the  simple  coexist- 
ence of  an  awareness  of  the  object  and  the 
emotion;  it  is  possible,  for  example,  to  be 
conscious  of  many  things  and  to  be  annoyed 
at  but  one  of  them.  The  object,  need  not  be 
the  efficient  cause  of  the  emotional  state  —  one's 
annoyance  may  be  caused  by  indigestion,  but 
directed  toward  those  whom  one  chances  to 
meet.  Furthermore,  the  object  of  an  emotion 
does  not  gain  its  rank  as  object  by  virtue  of  a 
place  in  the  focus  of  attention.  One  may  be 
annoyed  at  the  buzzing  of  a  mosquito  of  which 
he  is  but  dimly  aware,  while  his  main  atten- 
tion is  directed  toward  a  book  which  he  is 
reading.  It  is  by  no  such  extraneous  means 
as  these  that  the  reference  of  mental  states 
can  be  explained.  The  reference  of  one  ex- 
perience to  another  is  due  to  the  fact  that 
the  unity  of  the  content  of  the  mind  is  the 
unitv  of  a  svstem  and  not  the  unity  of  a  mere 
fortuitous  aggregate.   The  definite  directions  of 
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pleasure  or  emotion  can  only  be  explained  on 
the  basis  of  the  existence  at  each  stage  of 
psychological  analysis  of  some  unanalyzed  state 
with  a  definite  reference.  However,  pleasure 
and  emotion  arc  not  themselves  simple  un- 
analyzable  directed  states.  From  what  had  al- 
ready been  shown  of  emotion,  it  is  clear  that  it 
involves  many  undirected  experiences  of  the 
nature  of  organic  and  kinacsthetic  sensations  or 
images.  Pleasure  likewise  appears  to  have  the 
dual  aspect  of  a  mass  of  organic  experiences, 
going  to  make  up  what  may  be  called  a  sense 
of  well-being  and  of  an  attribute  of  other 
mental  states.  Now,  if  we  strip  all  sense  of  well- 
being  from  our  pleasure,  say,  at  a  dinner,  all 
that  remains  is  an  act  of  bare  approval.  This 
approval  docs  not  appear  to  be  qualitatively  dis- 
tinct from  that  involved  in  an  xsthetic  judg- 
ment, an  ethical  judgment  or  a  normative  judg- 
ment of  any  kind.  (Sec  Norm).  Similarly, 
active  displeasure  is  apparently  composed  of  a 
sense  of  ill-being,  accompanied  by,  and  possibly 
forming  a  portion  of  the  object  of,  an  act  of 
disapproval.  The  hedonic  tone  of  an  emotional 
experience  thus  generally  seems  to  involve: 
(a)  a  diffuse  organic  experience  of  well-being 
or  ill-being;  and  (b)  an  act  of  approval  or  dis- 
approval directed  toward  some  definite  object. 
It  is  almost,  if  not  quite,  impossible  to  think  of 
a  case  where  an  emotion  involves  an  act  of 
approval  or  disapproval  of  this  sort,  but  where 
the  objects  of  the  emotion  and  those  of  the 
act  arc  distinct.  There  seems  to  be  no  valid 
objection  to  identifying  the  objective  reference 
of  the  emotion  with  the  objective  reference  of 
the  act.  On  the  basis  of  this  and  of  what  has 
been  said  previously  concerning  the  emotions, 
it  is  easy  to  account  for  the  coexistence  of 
different  emotions  in  the  same  individual :  the 
physiological  excitement  characteristic  of  all 
emotion  is  present;  but  it  is  accompanied  by  a 
background  of  organic  sensations  conforming 
in  its  entirety  neither  to  that  of  well-being  nor 
to  those  of  definite  ill-being  though  sensations 
of  both  sorts  are  present ;  by  the  approval  of 
certain  objects  ana  the  disapproval  of  others; 
or  by  the  intention  of  pursuing  different  courses 
of  conduct  with  regard  to  the  different  emo- 
tional objects. 

The  emotions  are  clearly  indispensable  for 
the  propagation  of  the  species,  the  nurture  of 
young,  the  protection  of  the  individual  in  times 
of  danger,  and  for  many  other  essential  needs 
of  the  race.  They  have  undergone  a  strict 
process  of  natural  selection.  Among  the  emo- 
tions showing  the  deepest  and  most  recent 
effects  of  this  natural  selection  are  those  that 
form  the  basis  of  the  moral  conduct.  In  many 
ways  our  emotions  and  their  modes  of  expres- 
sion show  traces  of  the  needs  of  a  more 
primitive  existence  —  thus  a  sneer  is  a  rudi- 
mentary unfleshing  of  the  teeth  for  combat. 
(  See  Esthetics;  Feeling).  Consult  Cannon,  VV. 
B.,  'Bodily  Changes  in  Pain,  Hunger,  Fear  and 
Rage'  (New  York  1915);  Darwin.  C,  'Ex- 
pression of  the  Emotions'  (London  1873) ; 
James,  W.,  'Principles  of  Psychology'  (New 
York  1890);  Mantcgazza,  'Physiognomy  and 
Expression'  (tr.  London  1904);  Ribot,  'Psy- 
chology des  sentiments'  (Paris  1896);  Stout, 
'Manual  of  Psychology'  (London  1899). 

Norbert  Wiener. 
Editorial  Staff  of  The  Americana. 
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EMPALEMENT,  a  mode  of  executing 
criminals,  mentioned  by  Juvenal,  often  inflicted 
in  Rome,  and  still  used  m  Turkey  and  Arabia. 
In  England  the  dead  bodies  of  murderers  were 
sometimes  staked  in  this  manner,  previous  to 
being  buried;  but  the  custom  was  abolished  in 
1823. 

EMPARAN,  Diego  de,  de-a'g  6  da  5m- 
pa'ran,  Mexican  writer:  b.  Pucbla,  5  April  1718; 
d.  Ravenna,  Italy,  about  1807.  His  book.  'The 
Jesuits  and  the  Pope'  (1746),  published  soon 
after  entering  the  priesthood,  gained  him  five 
years'  imprisonment.  The  year  after  his  re- 
lease he  issued  a  bitter  criticism  of  Church 
dignitaries,  for  which  he  was  deposed  from  the 
priesthood  and  imprisoned  in  the  Castle  of 
Sant'  Angelo,  but  released  later.  His  work 
was  burned  by  the  exerutioner.  His  other 
works  include  'The  Tombs  of  Mohammed  and 
Christ';  'Voltaire  and  His  School';  'Science 
and  Superstition';  and  'Religion  and  Hygiene.' 

EM  PEC  IN  ADO,  em-pa-the-na'dd,  Don 
Juan  Martin  Diazel,  Spanish  patriot :  b.  Ccs- 
trillo  dc  Duoso,  Valladolid.  1775;  d.  1825.  He 
joined  the  army  at  17,  and  for  his  activity  in  the 
war  against  the  French  in  the  Peninsula  was 
appointed  colonel  and  later  made  a  field  mar- 
shal. Losing  favor  with  King  Ferdinand  VII 
on  account  of  his  action  in  petitioning  him  to 
restore  the  Cortes,  he  was  thrown  into  prison, 
his  imprisonment  being  followed  by  banish- 
ment to  Valladolid.  Taking  part  in  the  insur- 
rection 1820  he  saw  much  fighting,  but  was  cap- 
tured 1823,  cruelly  treated  while  a  prisoner  and 
after  two  years  he  was  stabbed  while  resisting 
the  executioners  by  whom  he  was  about  to  be 
hanged. 

EMPECINADO,  BL  See  Diaz,  Don  Juan 
Martin. 

EMPEDOCLES,  Greek  philosopher:  b. 
Agrigentum,  Sicily,  about  460  b.c  His  fellow- 
citizens  csteemea  him  so  highly  that  they 
wished  to  make  him  king;  but  being  an  enemy 
to  all  political  forms  which  elevate  a  few 
above  their  fellows,  he  refused  their  offer, 
and  prevailed  on  them  to  abolish  aristocracy 
and  introduce  a  dcmocratical  form  of  govern- 
ment. Aristotle  states  that  he  died  in  ob- 
scurity at  the  age  of  60  years,  in  the  Pelopon- 
nesus, but  there  arc  various  legends  respect- 
ing the  manner  and  place  of  his  death. 
Empcdoclcs  presented  his  philosophy  in  a  poet- 
ical form.  His  general  point  of  view  is  deter- 
mined by  the  influence  of  the  Eleatic  school 
upon  the  physical  theories  of  the  Ionic  philos- 
ophers. He  assumed  four  primitive  independent 
substances  —  air,  water,  fire  and  earth,  which 
he  designates  often  by  the  mythical  names  Zeus, 
Hera,  etc  These  four  elements,  as  they  were 
called,  kept  their  place  till  modern  chemistry  dis- 
lodged them.  Along  with  material  elements  he 
affirmed  the  existence  of  two  moving  and  oper- 
ating powers,  love  and  hate,  or  affinity  and  an- 
tipathy, the  first  as  the  uniting  principle,  the 
second  as  the  separating.  The  contrast  between 
matter  and  power,  or  force,  is  thus  brought  out 
more  strongly  by  Empedocles  than  by  previous 
philosophers.  His  theory  of  the  universe  seems 
to  assume  a  gradual  development  of  the  perfect 
out  of  the  imperfect  and  a  periodical  return  of 
things  to  the  elemental  state,  in  order  to  be 
again,  separated  and  anew  world  of  phenomena 
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formed.  Of  his  opinions  on  special  phenomena 
may  be  mentioned  his  doctrine  ot*  emanations, 
which,  in  connection  with  the  maxim  that 
e  is  known  only  by  like,  he  thought  to  ex- 
plain the  nature  of  perception  by  the  senses.  He 
attempted  to  give  a  moral  application  to  the  old 
doctrine  of  the  transmigration  of  souls,  his  views 
of  which  resembled  those  of  Pythagoras.  The 
fragments  of  Empedoclcs  have  been  edited  by 
Sturz  (1805);  Karsten  (1838);  and  Stein 
(1852).  Consult  monographs  by  Lommatsch 
(1830)  ;  Raynaud  (1848)  ;  and  Gladisch  (1858)  ; 
also  Windclband.  'Gcschichtc  dtr  gricchischcn 
Philosophic1  (3d  ed.,  Munich  1912). 

EMPEDOCLES  ON  ETNA  is  a  dramatic 
poem  by  Matthew  Arnold,  based  on  legendary 
accounts  of  a  Greek  philosopher  who  lived  in 
Agrigentum,  Sicily,  in  the  5th  century  before 
Christ.  The«interest  of  the  drama  centres  in  the 
philosophical  despair  of  Empedoclcs  and  his 
suicide,  which  he  accomplishes  by  leaping  into 
the  crater  of  the  volcano.  Before  his  death 
he  discourses  at  length  on  the  consolations  of 
philosophy  for  the  benefit  of  his  friend,  the 
physician  Pausanias,  who  accompanies  him  part 
way  to  the  summit.  Dramatic  relief  and  con- 
trast arc  provided  by  Callicles,  a  young  harp- 
player,  who  on  the  lower  slopes  of  the  mountain 
sings  with  unshaken  faith  in  the  traditional 
divinities  and  the  eternal  freshness  and  delight- 
fulness  of  nature. 

Arnold  first  published  this  drama  in  1852, 
but  the  volume  in  which  it  was  contained  was 
withdrawn  from  circulation  before  50  copies 
were  sold.  He  reprinted  fragments  of  it  in  1853, 
'54,  '55,  '57,  and  in  1867  revived  it  in  its  entirety 
at  the  instigation  of  Robert  Browning.  In  an 
interesting  preface  to  a  volume  of  verse  pub- 
lished in  1853  he  explains  both  why  he  wrote 
the  poem  and  why  he  withdrew  it.  He  had  been 
attracted  to  the  theme  because  Empedoclcs,  like 
Arnold  himself,  was  a  troubled  spirit  wander- 
ing between  two  worlds,  one  dead,  the  other 
powerless  to  be  born  — "the  calm,  the  cheerful- 
ness, the  disinterested  objectivity  have  disap- 
peared; the  dialogue  of  the  mind  with  itself  has 
commenced;  modern  problems  have  presented 
themselves ;  w  e  hear  already  the  doubts,  we  wit- 
ness the  discouragement,  of  Hamlet  and  of 
Faust."  He  had  seized  upon  this  parallelism 
between  his  position  in  the  19th  century  and 
that  of  the  Greek  philosopher  in  the  5th  cen- 
tury B.C.  to  express  with  penetrating  power  the 
profound  melancholy  of  religious  disillusion 
which  sorely  afflicted  his  early  manhood.  As  a 
critic,  however,  he  felt  bound  to  condemn  as 
morbid,  monotonous  and  painful  the  representa- 
tion of  a  situation  "in  which  a  continuous  state 
of  mental  distress  is  prolonged,  unrelieved  by 
incident,  hope,  or  resistance;  in  which  there  is 
everything  to  be  endured,  nothing  to  be  done* ; 
and  accordingly  he  suppressed  the  work.  Its 
restoration  was  justified  by  its  poetic  beauty 
and  power,  by  its  importance  to  an  understand- 
ing of  Arnold's  intellectual  development  and  bv 
its  illustrational  value  in  the  history  of  Welt- 
schmers  in  the  Victorian  Age.  For  periodical 
criticism  consult  T.  B.  Smart's  'Bibliography 
of  Matthew  Arnold'  (1892);  books  on  Arnold, 
bv  George  Saintsbury  (1899);  H.  VV.  Paul 
(1902)  ;  G.  W.  E.  Russell  (1904)  ;  W.  H.  Daw- 
son (1904);  J.  M.  Dixon  (1906);  S.  P.  Sher- 
man (1917). 

Stuart  P.  Sherman. 


EMPEROR,  the  title  of  the  highest  rank 
of  sovereigns.  The  word  imperaior,  from  im- 
petarc,  to  command,  had  very  different  meanings 
among  the  Romans  at  different  periods.  It  sig- 
nified one  who  exercised  imperium  authority, 
whether  in  a  civil  or  military  capacity.  In  the 
time  of  the  republic  consuls  were  called  imptr- 
at  ores  before  they  entered  on  their  office.  The 
soldiers  afterward  conferred  the  title  on  their 
general,  after  a  victory,  by  hailing  him  imper- 
aior; the  Senate  also  called  a  victorious  general 
imperaior  until  he  had  celebrated  his  triumph. 
After  the  overthrow  of  the  republic  imperaior 
became  the  title  of  the  rulers  or  emperors  who 
assumed  to  themselves  personally  every  depart- 
ment and  privilege  of  civil  and  military  imfe- 
rium.  Victorious  generals  were  still,  however, 
sometimes  saluted  with  the  title  imperator,  in  its 
original  sense.  With  the  fall  of  Rome  the  title 
was  lost  in  the  West,  but  was  kept  up  in  the 
Eastern  or  Byzantine  empire  for  nearly  10  cen- 
turies. In  800  it  was  renewed  in  the  West  when 
Charlemagne  was  crowned,  by  Leo  III,  as  "Car- 
olus  Augustus,  the  God-sent  and  pious  emperor 
of  Rome,"  which  title  was  borne  bv  his  succes- 
sors until  the  dissolution  of  the  Holy  Roman 
Empire  in  1806. 

The  Eastern  Empire  having  been  finally 
overthrown  by  the  conquest  of  Constantinople 
in  1453,  the  imperial  dignity  in  the  East  became 
extinct.  The  sultans,  who  succeeded  the  emper- 
ors, have  never  received,  in  official  language,  the 
title  of  emperor.  This  title  was  adoptedin  Russia 
by  Peter  I  in  1721.  but  the  right  of  the  Russian 
sovereign  to  its  possession  was  not  acknowledged 
by  the  German  Empire  until  1747,  by  France  in 
1745,  and  by  Spain  1759.  Napoleon  adopted  the 
old  idea  of  an  empire,  as  a  general  union  of 
states  under  the  protection,  or  at  least  political 
preponderance,  of  one  powerful  state.  Napoleon 
crowned  himself  as  emperor  in  1804;  the  title 
fell  into  disuse  at  his  deposition  in  1815,  but 
was  revived  by  his  nephew  in  1852,  with  w  hom  it 
again  ended  on  5  Sent.  1870.  In  1806  the  first 
German  Empire,  1,000  years  old,  became  extinct 
and  the  German  emperor,  Francis  II.  adopted 
the  title  of  Francis  I,  Emperor  of  Austria  In 
December  1870  the  second  German  Empire  was 
formed,  King  William  of  Prussia  having  ac- 
cepted the  imperial  office  and  title  offered  him 
at  Versailles  while  engaged  in  the  siege  of 
Paris. 

Great  Britain  is  considered  as  an  empire,  the 
crown  as  imperial  and  the  Parliament  is  styled 
the  Imperial  Parliament  of  Great  Britain  and 
Ireland;  but  the  sovereign  has  not  the  imperial 
title  in  reference  to  the  home  dominions,  thotieh 
the  king  bears  the  title  of  emperor  of  India. 
The  sovereigns  of  Japan  and  Morocco  arc  aften, 
though  with  little  propriety,  called  emperors. 

EMPEROR,  or  PURPLE  EMPEROR, 

name  of  a  butterfly  of  the  genus  Apatura.  The 
antenna:  are  rather  long,  the  ground  color  of  the 
wifgs  is  rusty  black,  decorated  in  the  male  with 
a  purple  lustre  wanting  in  the  female;  seven 
white  spots  in  the  male;  as  many  faint  yellow 
ones  in  the  female;  on  the  four  wings  above  a 
transverse  white  band ;  an  ocellatcd  spot  and  a 
darker  marginal  bar  on  the  hinder  ones. 

EMPHYSEMA,  em-n-se'ma,  a  disease  of 
the  lungs,  in  which  there  is  a  dilatation  of  the 
air  vesicles  with  lack  cf  elastic  recoil.  It  is 
most  frequently  the  result  of  persistent  high 
intra-alveolar  tension,  acting  upon  weak  lung 
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tissue.  The  most  important  symptoms  are 
bronchitis,  loss  of  breath  with  harsh  and  wheezy 
respirations,  and  a  certain  amount  of  cyanosis 
or  blucness  of  the  face,  due  to  insufficient  oxida- 
tion in  the  lungs. 

EMPHYTEUSIS,  cm-fl-tu'sis  (Gr.  "im- 
planting0), in  Roman  law,  a  perpetual  right  in  a 
piece  of  land,  for  which  a  yearly  sum  was  paid 
to  the  proprietor.  It  was  secured  by  contract 
on  condition  of  improvement,  as  well  as  pay- 
ment of  rent,  and  much  resembled  a  feudal 
holding  in  the  features  of  perpetuity,  etc.  Sec 
Feudal  System. 

EMPIRE  STATE,  a  name  given  to  New 
York  State  because  of  its  predominant  wealth 
and  commerce.  The  expression  "Empire,"  prob- 
ably rendered  more  vivid  by  Berkeley's  proph- 
ecy made  at  Newport,  R.  I.,  a  generation 
previous.  "Westward  the  course  of  empire 
takes  its  way"  was  quite  common  after  the 
Revolutionary  War.  It  was  not  necessarily  of 
political  significance,  as  relating  to  a  form  of 
government,  but  referred  rather  to  the  course 
of  progress  in  civilization ;  or,  as  wc  say  •'ex- 
pansion.* As  such,  it  was  applied  especially  to 
New  York.  When  the  Free  Quakers  of  Phila- 
delphia, led  by  Colonel  Eyre,  built  their  first 
temple,  at  Fifth  and  Arch  streets,  in  Phila- 
delphia, they  dedicated  it,  as  the  stone  inscribed 
and  set  in  the  facade  declared,  "Erected  in  the 
year  of  our  Lord,  1783,  of  the  Empire* 

EMPIRICAL  SCHOOL.  See  Empiricism. 

EMPIRICISM  (Greek,  empeiria.  trial,  ex- 
perience, from  the  adjective  empeiros,  which 
means  expert,  or  experienced  in).  The  philo- 
sophical view  that  experience  is  the  source  and 
the  criterion  of  all  knowledge;  the  theory  that 
all  knowledge  is  derived  from  material  or  data 
existing  in  the  form  of  particular  states  of  con- 
sciousness. As  sense,  outer  and  inner,  is  re- 
garded as  the  source  of  this  material,  empiri- 
cism, as  a  theory  of  the  origin  of  knowledge,  is 
nearly  synonymous  with  Sensationalism  (q.v.). 
Moreover,  since  historically  it  has  been  custom- 
ary for  representatives  of  empiricism  to  explain 
the  connections  and  relations  of  ideas  by  means 
of  the  principle  of  association,  the  theory 
is  closely  connected  with  Associationism. 
Empiricism,  however,  is  not  alone  in  its  appeal 
to  experience;  all  modern  systems  profess  to 
draw  their  conclusions  from  this  source.  But 
as  a  philosophical  theory,  it  is  distinguished  by 
the  particular  way  in  which  it  envisages  the 
mind  and  its  content.  For  it,  the  mind  is  either 
merely  the  place  or  support  of  ideas  (as  for 
Locke),  or  (with  later  writers)  simply  a  general 
.name  that  is  given  to  the  stream  of  conscious 
processes;  it  is  not  itself  a  contributing  factor 
in  experience  and  has  no  power  to  supply  ideas 
or  principles  which  are  not  already  furnished 
to  it  by  the  original  data.  At  birth  the  mind  is 
like  a  blank  sheet  of  paper:  it  contains  no  innate 
ideas,  and  has  no  original  capacity.  In  this 
respect  empiricism  is  opposed  to  Nativism 
(q.v.),  Transcendentalism  (q.v.),  and  all  theo- 
ries which  find  in  experience  some  expression 
cf  the  nature  of  reason  or  intelligence. 

As  a  theory  of  the  origin  of  knowledge,  em- 
piricism has  the  task  of  explaining  how  the  more 
complex  and  general  aspects  of  knowledge  and 
of  concrete  experience  have  been  derived  from 
the  simple  psychological  elements  which  it  as- 
sumes as  its  data.    As  these  elements  are  par- 
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ticular  and  isolated  states  of  consciousness,  the 
most  difficult  problem  for  empiricism  has  been 
to  explain  the  connectedness  of  experience,  and 
more  especially  the  nature  and  validity  of  general 
propositions.  How  can  experience,  which  is  by 
hypothesis  originally  constituted  of  particular 
states,  guarantee  the  truth  of  universal  state- 
ments, such  for  example  as  are  arrived  at  by 
science?  Since  for  this  theory  the  mind 
possesses  no  general  principles  in  the  form  of 
innate  truths  from  which  it  might  deduce  con- 
clusions, it  is  evident  that  empiricism  will  em- 
phasize induction  as  its  method  of  reasoning 
and  seek  to  explain  universal  propositions  as 
derived  in  this  way  from  particular  experiences. 

In  regard  to  the  validity  of  knowledge,  em- 
piricism holds  that  only  those  ideas  arc  valid 
that  have  their  source  in  and  can  be  traced  back 
to  some  original  data  which  can  be  exhibited  in 
the  form  of  actual  impressions  or  contents  of 
consciousness.  In  Hume's  statement,  all  ideas 
are  derived  from  some  original  impression.  If 
then  it  is  impossible  in  any  case  to  point  to  the 
impression  from  which  our  supposed  idea  is  de- 
rived, wc  have  to  conclude  that  the  idea  is  no 
proper  idea  at  all,  but  only  a  "fiction*  of  the 
imagination.  It  is  by  means  of  this  principle 
that  Hume  and  the  empiricists  who  have  con- 
stantly followed  his  lead  discredit  the  idea  of 
the  self  and  all  universal  principles  and  catego- 
ries which  cannot  be  traced  back  to  some  par- 
ticular experience  or  group  of  experiences. 

Empirical  views  regarding  the  origin  and 
criterion  of  knowledge  were  maintained  by  the 
Greek  Sophists,  and  more  systematically  by 
both  Stoic  and  Epicurean  schools.  In  the 
Middle  Ages,  the  doctrine  was  maintained  in 
the  formula,  "Nihil  est  in  intellectu  quol  pritis- 
qtiam  non  fuerat  in  sensu.*  But  it  has  been  in 
the  modern  period  that  empiricism  has  been 
systematically  developed  and  applied  as  a  philo- 
sophical doctrine.  The  name  is  especially  con- 
nected with  the  English  school  that  begins  with 
John  Locke  and  includes  as  its  chief  representa- 
tives, George  Berkeley,  David  Hume,  David 
Hartley,  Joseph  Priestley,  James  Mill.  J.  S. 
Mill  and  A.  Bain.  The  views  of  H.  Spencer 
also  are  very  largely  determined  by  the  influence 
of  this  school,  though  his  application  of  the 
doctrine  of  evolution  leads  him  to  some  new 
conclusions.  It  should  be  recognized,  however, 
that  the  influence  of  empiricism  has  not  been 
confined  to  any  single  group  of  thinkers,  but 
that  it  has  in  a  sense  formed  a  general  platform 
for  the  sciences  of  mind  and  society.  By  pro- 
viding a  set  of  conceptions  through  which  the 
inner  life  can  be  readily  ordered  and  made  com- 
prehensible, empiricism  came  to  be  accepted  as 
a  matter  of  course  by  writers  on  psychology, 
ethics,  sociology  and  education,  oftentimes  with- 
out even  being  aware  that  their  procedure  had 
committed  them  to  any  philosophical  position. 
During  the  past  generation  the  empirical  view  of 
mind  and  experience  has  furnished  the  frame- 
work which  has  largely  determined  the  course 
of  investigations  in  these  fields,  even  when,  as 
in  the  case  of  Spencer,  they  have  been  accom- 
panied by  professions  of  allegiance  to  the  prin- 
ciple of  development.  The  truth  is  that  the 
empirical  way  of  representing  experience,  as 
constituted  out  of  atomic  "states*  or  "elements* 
which  unite  in  accordance  with  certain  prin- 
ciples to  form  "complexes*  is  so  convincing  to 
"common  sense*  and  at  the  same  time  so  suc- 
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cessful  in  rendering  the  mind  picturable  and 
describable  in  terms  of  science  that  it  appears 
to  be  both  natural  and  indispensable.  It  has 
accordingly  happened  that  the  demonstrations 
of  the  shortcomings  of  empiricism  as  a  philo- 
sophical doctrine  which  have  been  furnished 
notably  from  the  point  of  view  of  Kant  and  the 
idealistic  school  (cf.  T.  H.  Green,  'Introduction 
to  Hume')  have  failed  to  overthrow  the  influ- 
ence and  standing  of  this  doctrine  in  popular 
favor.  The  rival  view  of  experience  put  for- 
ward by  Kant  and  his  followers,  being  more 
difficult  to  understand  and  to  envisage,  did  not 
so  readily  form  the  basis  for  investigation  and 
discussion  in  this  field,  and  so  the  dominance  of 
empiricism  remained  almost  unshaken.  In 
recent  years,  however,  there  are  signs  that  in- 
vestigations into  psychological  and  social  phe- 
nomena arc  becoming  more  fully  penetrated 
with  historical  and  developmental  conceptions, 
and  are  being  carried  beyond  the  atomic  and 
mechanical  logic  of  the  older  empiricism  This 
movement  beyond  empiricism  is  illustrated  by 
the  importance  attached  to  studies  of  behavior 
and  function  at  the  present  time,  and  especially 
by  the  tendency  shown  to  interpret  mind  and  its 
various  types  of  experience  in  the  light  of  the 
categories  of  historical  development. 

Radical  Empiricism. —  With  the  movements 
described  in  the  last  sentences  there  may  be 
connected  the  position  outlined  by  William 
James,  to  which  he  gave  the  name  of  "radical 
empiricism.*  James  distinguishes  his  own  em- 
piricism from  that  of  Hume  and  the  English 
school  by  insisting  that  in  addition  to  the  sub- 
stantive states  of  consciousness  to  which  the 
latter  had  called  attention,  there  are  also  cer- 
tain "conjunctive  relations"  given  directly 
through  experience,  and  so  to  be  accepted  as 
equally  real  in  a  true  empirical  theory.  Radical 
empiricism  thus  professes  to  give  a  more  accu- 
rate description  of  experience  than  that  of  the 
earlier  school ;  it  recognizes  the  fact  that  experi- 
ence presents  itself  as  whole  and  continuous  and 
not  as  a  series  of  discrete  substantive  states 
or  atoms.  James'  object  is  to  maintain  the 
wholeness  and  continuity  of  experience,  and  at 
the  same  time  to  avoid  any  appeal  to  rational 
elements  which  cannot  be  themselves  experi- 
enced as  facts.  "Radical  empiricism,*  just  by 
being  thoroughgoing  in  its  empiricism,  believes 
itself  able  to  describe  the  thing  just  as  it  is 
experienced,  without  imposing  upon  it  any  con- 
ceptual form  through  logical  interpretation. 

Empiricism  in  Medicine. —  The  Empiric 
school  of  medicine  arose  in  Alexandria  in  the 
3d  century  B.C,  in  opposition  to  Dogmatism. 
The  latter  supported  itself  by  appeal  to  the 
theories  of  Plato  and  earlier  philosophers,  while 
the  empirics  took  Aristotle  as  their  leader. 
They  avoided  the  one-sided  theorizing  tenden- 
cies of  the  dogmatists  regarding  the  ultimate 
causes  of  disease,  and  emphasized  the  practical 
ends  of  medicine  as  an  art  of  therapeutics. 
Though  the  influence  of  this  school  was  in  many 
respects  beneficial  in  leading  to  the  study  of 
cases  and  to  careful  methods  of  observation, 
it  tended  in  the  end  to  resolve  itself  into  char- 
latanism, and  to  occupy  itself  exclusively  with 
a  search  for  specifics.  Consult  Locke,  J.,  'An 
Essav  Concerning  Human  Understanding* 
(1690)  ;  Mill,  J.,  'An  Analysis  of  the  Phenomena 
of  the  Human  Mind>  (1829);  Hodgson,  S.  H, 
'Metaphysics  of  Experience*  (1898)  ;  Green,  T. 
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H.,  'Introduction  to  Hume'  (1874)  :  James,  W., 
•Essays  in  Radical  Empiricism'  (1912)  ;  Moon, 
R.  O.,  'The  Relation  of  Medicine  to  Philosophy' 
(1909).  James  E  Creighton, 

Professor  of  Logic  and  Metaphysics,  Cornell 
University. 

EMPIRICISM,  in  medicine,  refers  to  at 
least  two  different  things.  In  the  age  of  reno- 
vation, or  the  reform  period  in  medicine,  a 
special  group  of  men,  Pnalinus  and  Serapis  at 
their  head,  founded  what  was  called  the 
Empirical  School.  They  were  disciples  of 
Hcrophilus  and  Erasistratus,  and  from  200  to 
300  a  d.  they  formed  one  of  the  most  important 
Alexandrian  schools.  Their  followers  were 
mostly  opposed  to  the  teaching  of  the  Dogmatic 
School.  Their  chief  point  of  view  was  that  of 
practical  observation,  as  opposed  to  the  theoreti- 
cal speculations  of  the  Dogmatic  School.  Their 
chief  alliances  were  with  the  skeptics.  Anatomy, 
insomuch  as  it  could  teach  nothing  of  phy- 
siology, they  believed  was  of  secondary  im- 
portance. 

At  the  present  day  what  is  meant  by  empiri- 
cism is  the  following  of  accumulated  experi- 
ence independent  of  rational  explanation.  A 
physician  uses  a  drug  empirically  because  he, 
or  others,  believe  it  to  be  of  service,  although 
no  reason  can  be  given  by  him,  nor  by  others, 
why  it  should  be  of  service.  Little  by  little, 
the  real  causes  of  the  action  of  drugs  that  phy- 
sicians have  used  from  time  immemorial  has 
been  revealed  by  students  of  medicine  and  the 
reproach  that  medicine  is  an  empirical  science 
has  little  weight  at  the  present  time.  See 
Empiricism,  in  philosophy. 

EMPLOYERS'  ASSOCIATIONS,  com- 
binations of  business  establishments  for  the  pur- 
pose of  dealing  with  or  fighting  labor  organiza- 
tions. They  are  a  special  form  of  capitalistic 
organization,  exclusive  of  those  general  com- 
binations (sec  Combination.  Industrial) 
which  have  been  formed  to  advance  the  political, 
commercial  or  legal  interests  of  employers. 
Their  history  follows  the  history  of  trade 
unions  —  they  have  been  weak  or  strong  ac- 
cording to  the  strength  of  the  unions.  Two 
distinct  types  of  employers'  associations  prevail 
(1)  bargaining  associations;  (2)  hostile  asso- 
ciations. The  former  recognize  the  unions 
while  the  latter  are  opposed  to  every  form  of 
collective  bargaining. 

The  bargaining  associations  aim  to  check  the 
abuses  and  excesses  of  organized  labor  by  en- 
deavoring through  deliberation  and  discussion 
to  work  out  some  system  of  agreement  with 
their  employees.  The  employment  of  labor  is 
treated  as  a  simple  business  proposition.  The 
first  employers'  association  of  national  im- 
portance of  this  type  was  the  United  States 
Totters'  Association  formed  in  1875.  The 
Stove  Founders'  Association  formed  in  1886 
stimulated  similar  organizations  in  all  branches 
of  that  industry.  By  1905  national  employers' 
associations  representing  the  stove  and  furnace 
making,  metal  foundry  work,  lake  transporta- 
tion, machine  construction,  publishing  and  print- 
ing, marble  cutting  and  ready-made  clothing 
industries  were  successful  in  making  working 
agreements  with  employees.  Employers'  asso- 
ciations have  been  steadily  on  the  increase. 
Their  organization  is  essentially  similar  to  that 
of  the  unions.   They  have  local  bodies  with 
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national  federations,  and  nearly  all  maintain 
employment  agencies,  secret  service  depart- 
ments (analogous  to  the  walking  delegate  sys- 
tem) ;  control  the  members  who  are  forced  to 
agree  to  measures  adopted  by  the  central  or- 
ganization- issue  publications;  and  have  a  de- 
fense fund. 

The  class  of  hostile  employers'  associations 
is  a  comparatively  recent  development  and 
represents  the  counteraction  of  the  forces  of  ag- 
gressive industrial  unionism  In  many  cases 
the  associations  were  first  formed  for  the  pur- 
pose of  negotiating  joint  agreements  with  the 
unions,  but  after  the  failure  of  negotiations  or 
the  breakdown  of  an  agreement,  they  assumed 
their  present  form.  In  some  cases  associations 
which  have  been  hostile  have  resumed  rela- 
tions with  unions. 

But  there  is  a  strong  tendency  for  an  or- 
ganization of  this  type  to  develop  exclusive 
principles  and  policies  which  make  an  agree- 
ment with  the  unions  impossible.  Their  plat- 
form shows  absolute  disagreement  with  unionist 
principles.  They  insist  that  the  conditions  of 
employment  shall  be  determined  by  the  indi- 
vidual workman  and  the  individual  employer. 
This  generally  means  that  employers,  either  as 
an  association,  or,  in  many  cases,  as  individuals, 
have  the  right  to  dictate  the  terms  of  employ- 
ment and  of  discharge.  Discrimination  is 
made  either  against  all  union  workers,  or  else 
their  number  is  so  limited  as  to  prove  in- 
effective in  agitation.  Any  indication  of  spread 
of  unionist  principles  is  watched  for  and  in- 
stantly suppressed.  They  deny  the  privileges 
of  boycott,  strike,  etc.,  but  do  not  hesitate  to 
seek  redress  in  event  of  such  crises  by  em- 
ploying strike  breakers  and  spies.  This  extreme 
form  of  hostility  takes  on  a  highly  anti-social 
aspect.  But  the  more  enlightened  employers  of 
the  hostile  as>ociations_have  begun  to  realize 
the  vast  psychological  problems  underlying  un- 
rest and  opposition  of  laborers;  and/ they  at- 
tempt to  change  conditions  where  there  is  evi- 
dence of  dissatisfaction.  They  also  endeavor 
to  ameliorate  affairs  by  profit-sharing  and  wel- 
fare systems,  safety  devices  and  offering  op- 
portunities for  advancement.  This  minimizes 
the  advantages  of  unionism  and  secures  satis- 
factory results.  A  striking  example  of  this 
type  of  reform  was  evinced  by  the  voluntary 
introduction  of  the  eight-hour  law  into  the 
Western  Union  Telegraph  Company  in  1917. 
Among  noteworthy  hostile  employers'  associa- 
tions may  be  mentioned  the  National  Associa- 
tion of  Manufacturers  (q.v.)  and  the  Citizens' 
Industrial  Association  of  America. 

The  weakness  of  the  first  type  of  employers' 
association  lies  in  the  fact  that  a  considerable 
number  of  employers,  though  accepting  results 
of  collective  bargaining,  do  not  belong  to  the 
associations  and  thus  lessen  the  force  of  bar- 
gaining power.  The  United  States  government 
through  its  Board  of  Mediation  and  Concilia- 
tion recognizes  the  fact  that  agreements  made 
between  employers'  associations  and  trade 
unions  form  a  basis  for  settling  trade  problems 
which  is  equitable,  elastic  and  intrinsically 
democratic.  Consult  Hollander  and  Barnctt. 
'Studies  in  American  Trade  Unionism*  (Chap. 
12.  1912);  Mitchell,  'Organized  Labor*  (Chap. 
22.  Philadelphia  1903) ;  Gitman,  N.  P.,  'Methods 
of  Industrial  Peace*  (Chap.  3,  1904).  The  'Re- 
ports of  the  United  States  Industrial  Commis- 


sion* contain  valuable  studies  in  mediation  and 
conciliation  which  are  pertinent  to  the  workings 
of  these  associations.  Consult  especially 
•Senate  Documents*  (Vol.  XIX,  Washington 
1916). 

EMPLOYERS'  LIABILITY,  a  term  gen- 
erally used  to  denote  the  liability  of  employers 
for  injuries  inflicted  upon  workmen  in  their  em- 
ploy. In  many  States  workmen  injured  in  the 
course  of  their  employment  can  recover  damages 
from  their  employers  only  if  the  employers  be 
proved  guilty  of  negligence  and  if  such  negli- 
gence resulted  in  the  injury.  Employers  are 
not  liable  for  injuries  resulting  from  the  obvious 
occupational  risks  or  for  accidents  that  arc  in- 
evitable or  for  which  blame  cannot  be  fixed. 
Since  an  employer  is  responsible  for  injuries 
due  to  his  own  negligence  or  that  of  his  serv- 
ants, an  employee  thus  injured  supposedly  would 
be  entitled  to  recover  damages  from  the  em- 
ployer. But  under  the  common-law  relation  of 
master  and  servant,  as  interpreted  in  foreign 
countries  until  recently,  and  now  discarded  in 
nearly  all  civilized  countries  save  the  United 
States,  an  employee,  on  entering  service,  agrees 
to  run  all  the  ordinary  risks  of  the  service,  in- 
cluding injuries  that  might  befall  him  through 
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igence  on  the  part  of  fellow-employees.  The 
so-called  absolute  duties  of  the  employer  arc  to 
furnish  a  reasonably  safe  and  proper  place  in 
which  employees  may  engage  in  their  work, 
suitable  appliances,  reasonably  competent  em- 
ployees, such  as  superintendents,  foremen  and 
other  servants,  and  rules  and  instructions  when 
they  are  reasonably  necessary.  The  employer  is 
liable  for  gross  negligence,  for  risks  of  an  ex- 
traordinary nature  involved  in  the  service,  and 
for  all  acts  of  negligence,  whether  committed 
by  himself  or  by  employees,  occurring  outside 
the  regular  service.  Modern  industrial  condi- 
tions necessitated  a  modification  of  these  com- 
mon-law rules,  especially  in  England,  where  the 
liabilities  of  employers  has  been  greatly 
extended  by  such  acts  as  the  Employers'  Lia- 
bility Act  of  1880  (43  and  44  Vict.  c.  42)  and 
the  Workmen's  Compensation  Acts  of  1897, 
1900  and  1906  (60  and  61  Vict.  c.  37;  63  and  64 
Vict.  c.  22;  and  6  Edw.  VII  c.  58  .  Under 
this  legislation  employees  are  virtual  y  insured 
by  the  employer  against  injury  wh  le  in  his 
employ,  the  employer  being  compelled  to  pay  a 
limited  sum  to  the  injured  or  to  the  families  of 
employees  killed  by  such  accidents,  whether  or 
not  due  to  the  negligence  of  the  employer  or  to 
that  of  fellow-employees. 

In  the  United  States  the  employee  must 
prove  that  in  a  given  instance  the  master  has 
failed  to  fulfil  one  of  the  above-mentioned 
absolute  duties.  In  contesting  such  an  action 
the  employer,  in  general,  may  rely  on  three  de- 
fenses: (1)  that  the  injury  sustained  by  the 
employee  was  among  the  ordinary  occupational 
risks  which  he  assumed  when  entering  the  em- 
ploy of  the  master,  or  was  caused  by  a  danger 
of  which  the  employee  either  was  or  should 
have  been  cognizant,  but  in  spite  of  which  he 
continued  to  work;  (2)  that  the  injury  inflicted 
upon  the  employee  was  not  due  to  negligence 
on  the  employer's  part  but  on  the  part  of  a 
fellow-servant  of  the  plaintiff,  wherefore  the 
employer  is  not  liable  since  the  employee  as- 
sumed this  risk,  too;  (3)  that  the  injured  em- 
ployee  failed  to  use   reasonable  precautions 
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against  accident  and  that  this  contributory  neg- 
ligence had  resulted  in  his  injury.  During  the 
past  few  years  several  of  the  United  States 
have  enacted  laws  of  a  very  diverse  character 
which  differ  widely  from  the  general  principles 
of  the  American  system  as  above  set  forth 
and  considerably  extend  the  liability  of  em- 
ployers. Attempts  have  been  made  to  offset 
the  liability  laws  by  compelling  employees  to 
sign  contracts  waiving  the  benefits  of  such 
legislation,  but  subsequent  enactments  have 
overcome  this  evasion  of  the  law  by  forbidding 
such  contracts  or  rendering  them  null  and  void. 
The  liability  laws  should  be  studied  in  connec- 
tion with  the  new  compensation  laws  which 
have  been  enacted  to  replace  the  former  in 
order  to  provide  a  system  of  definite  compen- 
sation for  accident  without  litigation.  Some  of 
these  laws  have  been  attacked  as  unconstitu- 
tional on  the  ground  that  the  forcible  grant  of 
compensation  to  an  employee  injured  through 
no  fault  of  the  employer  was  confiscation  of 
property  for  no  public  purpose  and  without  due 
process  of  law.  Where  the  courts  have  sus- 
tained such  contentions  the  tendency  has  been 
to  amend  the  constitutions  so  as  to  permit  such 
legislation,  and  acts  passed  under  such  amend- 
ments have  been  upheld  in  the  court  of  last 
resort.  The  rapid  advancement  of  the  move- 
ment to  compel  compensation  to  injured  work- 
men led  to  the  extension  of  the  field  of 
insurance,  some  companies  now  issuing  employ- 
ers' liability  policies,  under  which,  for  a 
stipulated  premium,  the  employer  is  insured 
against  loss  resulting  from  accidents  to  em- 
ployees, any  damages  for  which  the  employer 
may  be  legally  liable  being  paid  by  the  insur- 
ance company.  The  most  recent  laws  make 
such  insurance  compulsory,  while  State  insur- 
ance funds,  placed  on  a  sound  actuarial  basis, 
have  been  created  in  some  States,  since,  as  the 
New  Jersey  commission  on  employers'  liability 
reported  in  1915,  previous  laws  have  not  ensured 
the  payment  of  compensation  in  case  the  em- 
ployer should  become  insolvent.  Most  of  the 
States  have  compensation  laws  which  apply  to 
public  as  well  as  to  private  employees,  while 
the  Canal  Zone  order  and  the  Federal  statute 
apply  to  public  employees  and  to  persons  en- 
gaged in  interstate  commerce.  In  general  either 
compensation  or  insurance  is  provided  and 
cither  type  of  law  may  be  elective  or  compul- 
sory. Alaska,  Colorado,  Connecticut,  Illinois, 
Indiana,  Iowa,  Kansas,  Louisiana,  Maine,  Mich- 
igan, Minnesota,  Montana,  Nebraska,  New 
Hampshire,  New  Jersey,  Pennsylvania,  Rhode 
Island,  Vermont  and  Wisconsin  provide  elective 
compensation;  while  in  Arizona,  California. 
Canal  Zone,  Hawaii,  Maryland,  New  York  ana 
Oklahoma  the  compensation  is  compulsory  as 
it  is  under  the  Federal  statute.  Massachusetts, 
Nevada,  Oregon,  Texas  and  West  Virginia  have 
elective  insurance  laws,  while  Ohio,  Washington 
and  Wyoming  have  compulsory  insurance  laws. 
See  Accidents;  Workmen's  Compensation; 
Labor;  Family  Law;  Factories  and  Factory 
Inspection;  Diseases,  Occupational. 
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EMPLOYMENT  BUREAUS,  establish- 
ments, whether  private  or  public,  at  which  those 
seeking  employment  are  put  into  communication 
with  those  who  are  offering  it.  Private  em- 
ployment bureaus  are  found  in  every  large  city, 
but  they  arc  often  conducted  without  judgment, 
sometimes  have  been  accused  of  dishonesty,  in 
many  cases  are  mercenary,  and  their  usefulness 
is  at  least  problematical.  In  order  to  correct 
the  evils  arising  from  the  practice  of  these 
bureaus,  much  remedial  legislation  has  been 
passed.  No  agency  is  now  allowed  to  charge 
a  fee  before  informing  an  applicant  of  a  situa- 
tion that  is  actually  open  to  him,  and  should 
such  position,  through  no  fault  of  the  applicant, 
be  found  not  open  to  him  as  understood  when 
the  fee  was  paid,  such  fee  is  required  to  be 
returned  promptly.  All  employment  bureaus 
are  under  the  supervision  of  some  State  bureau, 
while  some  cities  impose  license  fees  and  bonds 
of  varying  amounts  and  limit  the  amounts  of 
the  fees  to  be  charged  for  registration,  also 
requiring  the  return  of  fees  should  applicants 
fail  to  secure  positions  within  a  prescribed  time, 
Public  bureaus,  opened  by  the  national  or 
city  government,  are  non-mercenary  and  the 
motive  that  has  prompted  their  establishment  is 
a  sound  humanitarian  and  political  motive.  Such 
bureaus  have  two  practical  objects.  They  are 
a  means  of  communication  between  employer 
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and  employee  —  labor  exchanges,  as  they  are 
called  in  France.  In  the  second  place  they  do 
something  toward  settling  the  wage  question, 
by  giving  quotations  of  the  amount  offered  and 
asked  Ohio  was  the  pioneer  in  the  movement 
for  free  public  employment  offices  in  the  United 
States,  instituting  hers  in  1890,  and  the  move- 
ment has  spread  so  that  19  States  now  have 
more  or  less  effective  systems  of  public  employ- 
ment offices  in  about  60  different  cities,  the 
offices  usually  being  under  the  supervision  of  a 
superintendent  of  free  employment  offices,  or 
some  other  State  official,  such  as  the  commis- 
sioner of  labor  or  the  chief  of  the  bureau 
of  statistics.  These  offices  find  employment 
annually  for  about  300,000  wage-earners  at 
exceedingly  low  cost,  ranging  from  four  cents 
for  unskilled  workers  in  Seattle  to  $2  or  more 
in  some  small  offices.  With  two  exceptions  the 
various  laws  stipulate  that  there  shall  be  no 
charge  to  employer  or  employee  for  the  service 
rendered.  Municipal  bureaus  are  operated  in- 
dependently in  seven  States.  In  1914  the  United 
States  Department  of  Labor,  through  a  bureau 
called  the  Federal  Employment  Bureau,  began 
the  establishment  of  38  branch  offices  in  various 
parts  of  the  country  and  subsequently  broad- 
ened the  scope  of  the  work  so  as  to  include  a 
woman's  division.  The  country  is  divided  into 
18  zones  of  distribution,  each  with  head- 
quarters in  a  large  city;  besides  the  station 
headquarters  there  arc  80  sub-branches. 

The  public  governmental  employment  bureau 
originated  in  France.  In  1848  one  such  bureau 
was  established  in  each  of  the  mairies  of  Paris. 
The  institution  lamruishcd  and  in  1851  a  meas- 
ure submitted  to  the  legislative  assembly  for 
the  establishment  of  a  comprehensive  system  of 
employment  bureaus  throughout  the  country 
failed  to  be  adopted  and  nothing  of  importance 
was  accomplished  until  1888  when  the  Bourse 
dc  Travail  was  opened  at  Paris,  which  institu- 
tion received  a  subsidy  of  150,000  francs  from 
the  government.  In  1892  a  large  building  was 
erected  and  became  the  headquarters  of  labor 
syndicates,  but  a  year  later  this  was  closed 
because  of  a  dispute  between  the  government 
and  the  labor  syndicates.  In  1896  it  was  re- 
opened under  the  management  of  a  commission 
appointed  jointly  by  the  government  and  the 
labor  syndicates.  There  arc  also  numerous  bu- 
reaus in  France  operated  and  managed  by 
unions  of  labor  syndicates  whose  chief  endeavor 
is  to  place  members  of  syndicates  but  who  may 
aid  other  workmen  in  the  hope  that  they  will 
join  the  syndicate.  In  order  to  equalize  the' 
supply  of  labor  in  the  various  sections  of  the 
country,  a  national  bureau  was  established,  but 
though  this  received  government  aid  in  1900, 
such  aid  has  since  been  withdrawn  because  the 
bureau  endeavored  to  restrain  workers  from 
entering  districts  wherein  strikes  were  in  prog- 
ress. About  50  cities  have  labor  bureaus  of 
some  sort.  Belgium  established  such  a  system 
in  1870;  Switzerland  followed  suit  with  a  labor 
bureau  at  Bern  in  1888  and  with  another  at 
Basel  in  1889;  and  since  that  time  Italy  has 
developed  a  system,  the  most  important  ex- 
change being  at  Milan. 

The  first  cmplovment  bureau  in  England  was 
opened  at  Egham,  near  London,  in  1885,  but 
when  the  Local  Government  Act  of  18°4  went 
mto  effect  this  was  discontinued.  From  1885  to 
1906  a  voluntary  bureau  was  in  operation  at 
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Ipswich  but  in  the  latter  year  the  Distress  Com- 
mittee took  over  its  work  and  within  a  short 
time  numerous  municipal  and  private  bureaus 
were  taken  over  by  the  Distress  Committees 
under  the  local  governments.  In  1909  an  act 
became  law  making  the  establishment  of  em- 
ployment bureaus  or  labor  exchanges  compul- 
sory throughout  the  United  Kingdom,  and  there 
are  now  more  than  425  such  exchanges  with 
about  1,100  local  agencies,  all  under  the  control 
of  a  central  office  at  London  and  eight  divisional 
offices  in  various  cities.  This  federated  system 
of  labor  exchanges  is  chiefly  for  unskilled  labor 
but  it  works  in  conjunction  with  the  trade 
union  bureaus  for  skilled  labor  and  has  been 
very  successful. 

Germany's  first  municipal  bureau  grew  out 
of  a  private  bureau  established  at  Freiburg  in 
1892,  and  the  movement  has  been  taken  up 
enthusiastically  by  almost  every  city  of  im- 
portance. Ordinary  commercial  bureaus  in 
Germany  concern  themselves  chiefly  with  se- 
curing positions  for  domestic  servants.  The 
trade  unions  have  their  own  bureaus.  The 
Berlin  public  employment  bureau  is  under  the 
charge  of  various  united  societies  but  it  Is 
granted  a  subsidy  by  the  city  government  and 
is  also  strictly  supervised.  A  nominal  fee  is 
charged  to  workmen  who  register  but  it  is  free 
to  all  employees.  The  management  is  equally 
divided  between  employers  and  employees  and 
prominent  citizens  arc  in  charge  of  the  im- 
portant committees.  The  best  system  is  that  of 
Munich.  The  Bavarian  communes  are  held 
legally  responsible  for  the  conduct  of  the  em- 
ployment bureaus;  the  separate  municipal  bu- 
reaus are  federated  into  a  complete  system  with 
central  bureaus  in  the  largest  Bavarian  cities. 
No  charge  is  made  for  services,  the  municipality 
defraying  the  entire  cost  with  the  aid  of  appro- 
priations by  the  Bavarian  government.  In 
almost  every  German  city  of  50,000  or  more 
inhabitants  a  municipal  bureau  will  be  found, 
and  such  bureaus  are  particularly  successful  in 
southern  Germany,  but  in  the  northern  part  of 
the  country  the  work  of  the  municipal  bureau 
is  performed,  to  a  great  extent,  by  voluntary 
associations,  aided  by  the  municipalities.  See 
Labor  Legislation  in  the  United  States. 
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EMPLOYMENT  MANAGER.   The  new 

profession  of  employment  manager  has  within 
the  past  few  years  come  to  be  recognized  as 
one  of  me  most  vital  factors  in  industry.  Ten 
years  ago,  workmen  were  hired  by  foremen 
or  clerks  simply  because  they  happened  to  apply 
for  jobs  that  were  vacant  but  without  regard 
for  any  particular  fitness  for  the  work  to  be 
performed.  Naturally,  there  was  general  dis- 
satisfaction, both  on  the  part  of  employer  and 
employee,  and  as  this  greatly  increased  the 
labor  cost  and  tended  to  reduce  production,  a 
closer  study  of  the  question  of  the  human  ele- 
ment in  the  industrial  organization  was  made, 
with  the  result  that  many  manufacturing  con- 
cerns have  placed  rhcir  employment  work  in  the 
hands  of  a  trained  executive,  with  the  power 
to  hire,  place  and  handle  the  working  force  with 
a  view  to  more  efficient  labor  management. 

The  employment  manager  occupies  the  posi- 
tion of  the  representative  of  his  company  in 
the  labor  market.  He  must  be  familiar  with  all 
sources  of  labor  supply  and  be  capable  of 
selecting  the  men  and  women  needed  for  the 
different  positions  in  his  plant  in  accordance 
with  their  fitness  for  the  jobs,  for  the  duties  of 
the  employment  manager  are  not  only  to  keep 
the  machines  running  out  to  see  that  they  are 
operated  by  workers  who  are  able  to  maintain 
a  high  standard  of  efficiency  in  the  quality  and 
quantity  of  the  goods  produced. 

As  the  connecting  link  between  the  manage- 
ment and  the  worker,  the  employment  manager 
is  entrusted  with  all  matters  of  personnel  con- 
nected with  the  company.  The  hiring  of  the 
help,  their  assignment  to  tasks  that  they  are 
fitted  to  perform,  their  change  of  jobs  or  trans- 
fer from  one  department  to  another,  and,  when 
necessary,  their  discharge,  are  matters  that  rest 
in  his  hands.  He  is  the  "friend  at  court"  to 
whom  all  requests  for  assistance  are  made  and 
it  is  he  who  must  sit  as  a  judge  upon  all 
grievances  that  arc  brought  to  his  attention, 
separating  the  imaginary  from  the  real. 

The  employment  manager  must  not  only  en- 
force the  policies  of  his  company  and  see  that 
all  rules  for  the  management  of  the  help  arc 
understood  and  obeyed,  but  he  must  also  see 
that  there  is  effective  co-operation  between  his 
office  and  the  heads  of  other  departments,  for 
his  duties  require  that  he  keep  as  fully  in 
accord  with  the  various  foremen  as  with  the 
workers.  The  successful  maintenance  of  these 
varied  relations  requires  both  intelligence  and 
executive  ability  of  a  high  type. 

This  plan  of  delegating  all  personnel  prob- 
lems to  a  skilled  employment  manager  has 
proved  so  successful,  both  in  improving  pro- 
duction and  in  promoting  an  esprit  de  corps, 
that  it  has  been  adopted  in  nearly  all  important 
industrial  concerns  and  in  many  financial  and 
mercantile  establishments. 

Employment  Managers'  Associations. — 
The  development  of  the  profession  of  employ- 
ment manager  has  resulted  in  the  organization 
of  associations,  or  clubs,  where  the  employ- 
ment managers  could  meet  to  discuss  the  prob- 
lems arising  in  their  work,  exchange  experiences 
and  otherwise  fit  themselves  to  handle  more 
efficiently  the  human  element  so  vital  to  the 
success  of  an  industrial  enterprise.  The  first 
employment  management  society  was  organized 
in  Boston,  about  five  years  ago.  and  soon  proved 
so  helpful  to  its  members  that  similar  cmploy- 
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mcnt  executives'  organizations  have  since  been 
formed  in  nearly  all  of  the  industrial  centres 
of  the  country.  Three  conventions  have  been 
held,  Minneapolis,  Minn.,  1916;  Philadelphia, 
Pa.,  in  1917,  and  Rochester,  N.  Y..  in  1918. 
At  the  latter,  on  11  May  1918.  the  several 
organizations  formed  a  permanent  association 
to  be  known  as  the  National  Association  of 
Employment  Managers. 

Employment  Manager's  Course.— The  suc- 
cess of  the  employment  manager  in  promoting 
production  and  stabilizing  industrial  employ- 
ment came  to  be  so  generally  recognized  that, 
in  1918,  as  one  of  its  war  measures,  the  United 
States  government  established  an  intensive 
course  in  employment  management,  under  the 
direction  of  the  employment  management  divi- 
sion of  the  War  Industries  Board.  The  first 
course  was  inaugurated  at  the  University  of 
Rochester,  where  the  first  class  graduated  on 
9  May  1918,  and  courses  have  since  been  estab- 
lished at  Harvard,  in  connection  with  the  Massa- 
chusetts Institute  of  Technology ;  Boston  Univer- 
sity, Boston  ;  Columbia  University,  New  York ; 
Camegie  Institute  of  Technology  and  the  Uni- 
versity of  Pittsburgh,  Pittsburgh;  the  Case 
School,  Cleveland;  the  University  of  Washing- 
ton, Seattle,  and  the  University  of  California, 
at  Berkeley.  The  courses  of  instruction  occupy 
from  six  weeks  to  two  months,  and  the  classes, 
which  arc  conducted  by  the  foremost  employ- 
ment executives  and  industrial  authorities  in 
the  country*,  devote  themselves  to  such  subjects 
of  study  as  the  following: 

Functions  and  organization  of  an  employ- 
ment department ;  labor  turnover,  its  causes  and 
how  to  reduce  it ;  character  analysis ;  science  of 
hiring;  transfer  and  promotion:  discharge;  fol- 
lowing employees'  progress  in  the  plant ;  educa- 
tional work  for  employees;  recreational  work 
for  employees;  safety  and  sanitary  engineering; 
method  of  wage  pavmcnt ;  bonuses  and  profit 
sharing;  hours  of  labor  and  fatigue;  industrial 
organization;  sources  of  labor  supply;  public 
employment  offices  and  methods  of  co-operating 
with  them;  labor  statistics;  causes  of  labor  un- 
rest; employers'  liability  and  compensation; 
history  of  the  labor  movement,  etc. 

In  outlining  this  course  of  study,  the  War 
Industries  Board  stated  that  the  introduction  of 
the  employment  manager  into  industry'  and  the 
standardization  of  the  services  of  an  employ- 
ment department  is  one  of  the  greatest  move- 
ments taking  place  in  the  manufacturing  indus- 
try in  this  country,  and  employers  of  labor, 
particularly  those  having  war  contracts,  were 
urged  to  suggest  men  or  women  from  their 
organizations  as  candidates  for  the  government 
courses. 

John  R.  Meaher. 

EMPLOYMENT  MANAGEMENT.  Em- 
ployment management  embraces  the  work  of  re- 
cruiting, placing,  retaining  and  discharging  the 
working  force.  This  modern  method  of 
handling  personnel  problems  was  inaugurated 
lry  one  or  two  employers  of  labor  a  compara- 
tively few  years  ago,  but  the  plan  quickly  dem- 
onstrated its  value  so  clearly  that  it  has  now 
come  to  be  quite  generally  adopted,  not  only 
in  important  industrial  plants  but  by  many  large 
mercantile  establishments  and  financial  institu- 
tions as  well. 

The  development  of  the  present  system  of 
employment  management  began  when  large  em- 
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ployers  commenced  to  realize  the  fact  that  the 
greatest  labor  problem  confronting  industry 
was  that  of  the  proper  handling  of  the  working 
organization.  The  studies  of  the  efficiency 
engineer  proved  conclusively  that  a  plant,  to 
operate  effectively,  must  have  something  more 
than  the  number  of  hands  required  to  run  the 
machinery.  If  the  highest  possibilities  of  pro- 
duction were  to  be  reached  it  was  necessary  to 
obtain  and  retain  the  goodwill  and  active  co- 
operation of  the  operatives. 

This  was  a  problem  that  had  steadily  been 
assuming  more  serious  proportions  for  many 
>ears.  In  the  old  days  of  industry,  when 
master  and  man  worked  side  by  side  at  the 
bench  the  spirit  of  co-ordination  in  the  average 
shop  was  similar  to  that  in  the  family,  but  with 
the  growth  of  industry  came  the  development 
of  the  impersonal  corporation  and  the  loss  of 
the  human  touch  that  had  been  so  largely  the 
source  of  the  loyalty  and  friendship  existing 
between  the  "boss*  and  the  worker.  The  great 
industries,  therefore,  found  themselves  face 
to  face  with  the  necessity  of  finding  a  substi- 
tute for  the  human  relations  which  they  had 
sacrificed  and  employment  management,  under 
a  trained  director  of  personnel,  is  their  solution 
of  this  problem. 

The  primary  purpose  of  employment  man- 
agement is  to  stabilize  the  working  organization 
by  reducing  the  number  of  men  employed  to 
maintain  the  necessary  average  working  force, 
or,  in  other  words,  by  reducing  the  "labor  turn- 
over.* To  accomplish  this  end,  employment 
management  includes  many  and  varied  func- 
tions, ranging  from  the  preliminary  work  of 
securing  the  help  to  the  larger  social  problems 
involved  in  guiding  and  protecting  them. 

The  functions  of  the  department  devoted  to 
employment  management  begin  with  the  selec- 
tion of  the  right  type  of  person  for  the  "jobs* 
to  be  performed  and  this  naturally  includes  an 
analysis  and  classification  of  the  various  tasks, 
as  it  is  necessary  that  all  prospective  employees 
shall  conform  as  closely  as  possible  to  the 
specifications  of  the  "job-analysis."  Once  em- 
ployed, the  new  operative,  if  he  is  a  "learner,* 
must  be  placed  under  competent  instruction, 
preferably  in  a  segregated  school  under  a  spe- 
cially trained  teacher.  Close  watch  must  be 
kept  upon  his  progress,  not  only  during  this 
period  of  instruction,  but  during  the  length  of 
his  stay  with  the  concern,  in  order  that  he  may 
find  no  occasion  for  discontent  or  discourage- 
ment in  the  fact  that  he  does  not  profit  in  pro- 
portion to  the  degree  of  efficiency  which  he 
attains.  The  performance  of  these  functions, 
as  well  as  those  of  a  so-called  "welfare*  char- 
acter (which  are  almost  as  closely  allied  to  the 
•work  of  employment  management),  require 
close  personal  contact  with  the  workers,  the 
ability  to  inspire  confidence  in  the  genuineness 
of  the  firm's  intentions  to  deal  justly  with  its 
individual  employees  and  the  careful  mainte- 
nance of  a  system  of  records  through  which 
thorough  supervision  may  be  kept  over  the 
development  of  the  plant  personnel. 

Broadly  stated,  these  are  the  functions  of 
an  employment  department.  Described  in  de- 
tail, the  scope  of  employment  management  em- 
braces : 

1.  Maintaining  a  Constant  Survey  of  the 
Labor  Market  and  a  List  of  Available  Ap- 
plicants for  Positions.— Both  are  necessary 
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if  the  organization  is  to  be  maintained  at  its 
normal  standard.  It  is  assumed  that  an  em- 
ployment department  will  receive  advance  notice 
from  foremen  of  places  to  be  filled  and  the 
men  to  take  these  "jobs*  must  come  from  one 
of  two  sources  of  supply:  the  outside  labor- 
market  or  prospect  files  built  up  from  informa- 
tion obtained  from  voluntary  applicants  or 
from  inside  the  organization,  through  personal 
recommendations  by  operatives  already  cm- 
ployed.  To  accomplish  this  purpose,  however, 
the  data  must  be  easily  available,  which  means 
that  the  information  must  be  secured  and 
properly  filed  in  anticipation  of  every  possible 
demand. 

2.  Hiring  the  Right  Type  of  Employees. — 

To  meet  this  demand,  the  employment  depart- 
ment must  not  only  be  familiar  with  the  char- 
acter of  every  operation  to  be  performed  but 
must  employ  new  operatives  in  conformity  with 
technically  correct  "job  specifications*  for  all 
classes  of  help  required.  To  assure  the  best 
results  in  hiring,  all  applicants  should  be  care- 
fully interviewed  as  to  domestic  relations  and 
individual  responsibilities  as  well  as  to  records 
of  previous  employment.  While  employment 
managers  differ  in  their  opinions  regarding  the 
value  of  references,  the  data  supplied  by  a 
statement  of  previous  employment  usually  af- 
fords an  illuminative  record  of  the  man's  ac- 
complishments and  most  authorities  arc  agreed 
that  knowledge  regarding  an  applicant's  per- 
sonal responsibilities  is  important  in  preventing 
the  possible  hiring  of  men  for  "jobs*  paying 
a  smaller  wage  than  that  on  which  they  are 
accustomed  to  live,  as  men  employed  at  less 
than  they  have  previously  earned  are  likely  to 
regard  the  place  as  a  make-shift  rather  than  a 
permanent  position.  The  opinions  of  employ- 
ment men  also  differ  regarding  the  value  of 
character  analysis  based  upon  personal  appear- 
ance or  psychological  tests,  although  there  is  a 
general  agreement  that  tests  arc  advantageous 
in  the  case  of  operatives  who  arc  to  perform 
tasks  requiring  certain  well-established  quali- 
fications. 

3.  Examination  of  Applicants. —  Many  im- 
portant concerns  now  require  a  physical  exami- 
nation of  applicants  before  actual  employment, 
not  only  as  a  safeguard  against  conditions  for 
which  the  firm  might  be  held  responsible  under 
the  compensation  laws  (such  as  hernia,  etc.), 
but  also  as  a  protection  for  other  employees 
against  possible  infection. 

4.  Introduction  of  New  Employees. —  The 
introduction  of  the  newly  employed  worker  also 
devolves  upon  the  employment  department.  If 
the  employee  is  a  "learner,*  he  is  introduced 
both  to  the  instructor  and  to  other  members 
of  the  "school*;  if  a  skilled,  or  semi-skilled, 
operative,  to  the  foreman  and  the  operatives 
working  near  him.  An  "introduction*  must 
also  include  an  explanation  of  the  policies  and 
regulations  of  the  concern,  a  description  of  its 
welfare  activities  and  full  information  regard- 
ing the  location  of  such  important  points  as  the 
emergency  hospital,  lunchroom,  lockers,  wash- 
rooms and  toilets,  stockroom,  etc.  Lasting  im- 
pressions of  a  plant  are  frequently  gained  dur- 
ing the  first  days  of  employment  and  an  intro- 
duction which  shows  a  personal  interest  in  the 
welfare  of  a  new  employee  is  of  incalculable 
value. 
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5.  Following  up  Employees'  Performances. 

—  The  work  of  following  up  the  performances 
of  new  employees  is  one  of  the  most  import- 
ant functions  of  employment  management.  In 
the  schools,  it  assumes  the  responsibility  of 
determining  when  the  "learner"  has  attained  a 
sufficient  degree  of  efficiency  to  graduate  as  a 
skilled  operative;  with  all  operatives,  the 
•follow-up"  covers  such  tangible  evidences  of 
efficiency  as:  (a)  General  conduct;  (b)  Earn- 
ing capacity  from  week  to  week;  (c)  Absences 
and  tardiness;  (d)  General  health  and  acci- 
dents ;  (e)  Regular  ratings  as  to  efficiency  in : 

(1)  Workmanship,  covering  both  quantity  and 
quality  of  product  as  well  as  record  of  waste; 

(2)  Reliability  and  industry;  (3)  Attitude  to- 
ward work. 

A  record  of  this  character  is  of  great  value 
to  the  employment  director  in  many  ways.  It 
enables  him  to  see  that  "learners*  are  trans- 
ferred to  regular  'jobs*  as  soon  as  they  are 
capable  of  assuming  greater  responsibilities;  it 
supplies  the  information  from  which  a  careful 
study  of  the  average  earnings  of  the  employees 
can  be  made,  both  as  a  check  upon  possible 
decreases  in  productive  ability  of  the  individual 
worker  and  as  an  indication  of  rate-changes, 
transfers  or  promotions  that  may  have  become 
desirable.  From  this  record  may  be  secured  the 
facts  regarding  tendencies  toward  absences  and 
tardiness  that  require  further  investigation. 

6.  Investigations. —  Much  of  the  success 
in  employment  management  depends  upon  the 
thoroughness  of  the  department's  investigations. 
All  instances  of  chronic  tardiness  should  be 
investigated  and,  if  possible,  a  means  should 
be  found  to  remedy  this  defect.  Absences  must 
also  be  investigated  and  in  each  case  a  record 
should  be  made  of  the  causes.  In  cases  where 
the  absence  is  due  to  illness,  injury  or  personal 
troubles,  advice  can  often  be  given  and  material 
assistance  afforded,  and  where  the  failure  to 
report  is  the  effect  of  a  misunderstanding  that 
has  inspired  the  desire  to  'quit,*  a  personal  in- 
terview at  this  early  stage  in  the  withdrawal 
is  frequently  the  means  ot  adjusting  the  differ- 
ences and  saving  a  valuable  employee. 

7.  Arrangement  of  Transfers. —  Transfers 
in  an  industrial  plant  usually  are  made  for  one 
of  two  reasons:  (1)  Because  an  operative  has 
been  found  capable  of  assuming  greater  re- 
sponsibilities, and  (2)  because  an  operative  has 
failed  to  'make  good*  in  one  "job*  but  is  to 
be  given  a  chance  to  perform  a  different  task 
for  which  he  seems  to  be  better  fitted.  The 
practice  of  filling  the  higher  positions  by  pro- 
motion has  proved  so  valuable  in  developing  an 
espirit  de  corps  that  this  rule  should  never  be 
violated  except  in  cases  where  there  is  no  mate- 
rial available  within  the  plant,  while  the  plan 
of  transferring  the  more  inefficient  operatives 
instead  of  discharging  them  has  been  proved 
to  he  a  valuable  change  in  practice  by  many 
important  concerns.  It  is  one  of  the  vital  func- 
tions of  employment  management  to  see  that 
promotions  are  Riven  to  those  deserving  them 
and  that  the  "misfit,*  who  may  be  nothing 
worse  than  a  round  peg  in  a  square  hole,  is 
put  where  he  may  perform  effective  service. 

8.  Power  of  Discharge.— Tn  plants  where 
the  hiring  and  placing  of  workers  is  delegated 
to  an  employment  department,  the  final  dis- 
charge of  an  operative  becomes  one  of  the  func- 
tions of  employment  manag:rr.:r.t.   In  concerns 


where  this  rule  is  in  force  the  authority  to  dis- 
charge unconditionally  does  not  rest  with  the 
foreman.  A  foreman  usually  is  given  the  privi- 
lege of  saying  when  a  man  shall  not  continue 
to  work  in  his  department  but  the  authority  to 
decide  that  an  operative  shall  not  be  permitted 
to  work  in  any  other  part  of  the  plant  is  dele- 
gated to  the  employment  manager,  subject,  of 
course,  to  the  approval  of  the  plant  manager. 

To  perform  these  duties  successfully  and 
without  weakening  departmental  discipline  re- 
quires that  all  cases  shall  be  handled  diplo- 
matically and  each  case  upon  its  own  merits. 
In  fact,  where  these  methods  are  pursued,  the 
employment  manager  becomes  a  man  who  sits 
in  judgment  upon  all  questions  of  differences 
between  the  employees  and  their  superiors,  who 
is  entrusted  with  the  important  duty  of  seeing 
that  the  foreman  is  protected  in  the  exercise 
of  all  just  methods  of  directing  his  help  and 
that  every  employee  is  assured  a  square  deal. 

9.  Maintaining  the  Reputation  of  the  Firm. 
—  If  a  desirable  class  of  employees  is  to  be 
obtained  and  retained  it  is  necessary  that  the 
concern  should  have  a  'good  name"  among  the 
workers.  While  the  wages  paid,  the  hours  of 
labor  and  other  conditions  that  depend  upon 
the  policy  of  the  management,  have  a  great 
deal  to  do  with  the  development  of  the  reputa- 
tion of  the  firm,  fully  as  much  depends  upon  the 
character  of  the  employment  management,  as 
it  is  essential  that  both  applicants  for  *jobs* 
and  those  actually  working  in  the  plant  shall 
be  pleasantly  impressed  by  the  treatment  they 
receive  at  the  hands  of  the  employment  depart- 
ment. This  means  (1)  All  applicants  must  he 
handled  promptly  and  treated  courteously,  ap- 
plications being  taken  and  filed  for  future  ref- 
erence where  there  are  no  positions  to  be  filled; 
(2)  Employees  shall  invariably  be  treated  cour- 
teously and  justly  and  shall  be  advised  and 
assisted  jn  every  way  practicable;  (3)  Even 
those  who  are  discharged,  or  who  are  leaving 
the  concern  because  of  dissatisfaction,  shall  be 
treated  so  fairly  and  courteously  that  they  will 

o  away  with  as  agreeable  an  impression  of  the 
rm  as  possible. 

10.  Management  of  Welfare  Activities. — 
The  various  welfare  activities  of  the  firm,  in- 
cluding those  of  a  social  and  educational  char- 
acter, also  come  under  the  direction  of  the  em- 
ployment department.  Sec  Industrial  Welfare. 

11.  Keeping  Labor  Records. —  In  order 
that  these  various  functions  may  be  performed 
effectively,  it  is  necessary  that  a  system  of  de- 
partment records  shall  be  adopted  and  care- 
fully kept.  These  include  records  of  (1)  Ap- 
plications for  employment  and  data  regarding 
condition  of  labor-market.  (2)  Employment 
cards,  containing  such  information  as:  ^ame 
and  address,  date  of  application,  place  and  date 
of  birth,  date  of  arrival  of  foreign-born  immi- 
grant, degree  of  education,  1anguage>  spoken, 
domestic  condition  and  record  of  previous  em- 
ployment. (3)  Physical  examination.  (4) 
Daily  report  of  those  tardy  and  absent,  with 
causes.  (5)  Industrial  progress  of  the  indi- 
vidual worker,  with  special  attention  to  progress 
of  "learners.*  (6)  Labor  turnover  sheet,  de- 
tailing the  number  "quitting*  or  discharged  both 
by  departments  and  "jobs*  with  stich  facts  as 
(a)  reasons  for  withdrawal,  (M  length  of  serv- 
ice, etc.   See  Labor  Turnover. 

Tn  plants  where  these  methods  have  been 
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adopted  there  has  been  a  marked  improvement 
in  the  personnel,  a  reduction  of  the  labor  turn- 
over and  general  stabilizing  effects  that  have 
been  clearly  reflected  both  in  the  quality  and  the 
quantity  of  product. 

John  R.  Meadol 

EMPORIA,  Kan.,  city  and  county-seat  of 
Lyon  County;  on  the  Neosho  River  near  its 
junction  with  the  Cottonwood,  in  the  central 
part  of  the  State,  and  on  the  Missouri,  Kansas 
and  Texas,  and  a  division  point  of  the  Atchi- 
son, Topeka  and  Santa  Fe  and  other  railroads ; 
60  miles  southwest  of  Topeka.    It  is  the  com- 
mercial centre  for  a  large  section  of  country 
devoted  to  farming  and  dairying  and  to  the  fat- 
tening of  western  range  cattle  for  the  eastern 
market.    Eniporia  has  a  thriving  jobbing  and 
export  trade  and  some  manufactures,  including 
marble  and  iron  works,  carriage  and  canning 
factories,  woolen  mills,  corrugated  metal  works, 
and  flour  and  grist  mills.    It  has  three  banks, 
with  a  combined  capital  of  over  $250,000  and 
doing  a  large  annual  business  and  dairy  and 
weekly  newspapers.    Gas  is  served  by  a  private 
company,  and  the  waterworks  and  electric- 
lighting  plant  arc  owned  and  operated  by  the 
city.    Emporia  is  the  seat  of  the  State  Normal 
School  (2,000  students),  and  of  the  College  of 
Emporia  (Presbyterian),  and  the  Western  Con- 
servatory of  Music,  and  has  a  business  college, 
railroad  and  public  libraries,  nine  school  build- 
ings, 11  churches,  and  many  handsome  busi- 
ness buildings  and  private  residences.   It  is  the 
largest  town  in  Kansas  that  never  has  permitted 
a  saloon  to  open  within  its  limits  since  the  pas- 
sage of  the  prohibitory  law  in  1880.   The  city 
adopted  the  commission  form  of  government  in 
1910.    Emporia  was  founded  in  1856  by  P.  B. 
Plumb,  afterward  United  States  Senator,  and  a 
group  of  pioneers  from  the  Middle  States;  it 
was  incorporated  in  1870.    Pop.  9,328. 

EMPYEMA,  em-pi-e'ma,  a  collection  of  pus 
consequent  on  pleurisy.  True  empyema  is  pus 
secreted  from  the  pleura;  the  false,  when  an 
abscess  of  the  lung  bursts  into  the  cavity  of 
the  chest.  When  the  quantity  of  fluid  is  so 
large  as  to  cause  great  dyspnoea  and  endanger 
life,  it  must  be  let  out  by  tapping  the  chest. 

EMPYREAN,  a  word  used  by  the  ancient 
Greek  philosophers  to  designate  the  highest 
region  of  the  heavens,  where  the  purest  and 
most  rarefied  elements  of  fire  and  light  exist; 
and  by  mediaeval  poets  to  indicate  the  ninth 
heaven,  the  home  of  the  blessed.  In  modern 
poetry  the  empyrean  is  merely  the  over-arching 
dome  of  the  heavens. 

EMPYRETJMA,  em-pl-roo'ma  (Gr.  "a  live 
coal  preserved  in  ashes" ),  the  smell  acquired 
by  organic  matter  when  subjected  to  the  action 
of  fire,  but  not  enough  to  carbonize  it  entirely. 
The  products  of  imperfect  combustion,  as  from 
wood  heated  in  heaps  or  distilled  in  close  ves- 
sels, are  frequently  distinguished  as  cmpyreu- 
matic. 

EMS,  Jfmz.  Germany,  a  celebrated  water- 
ing place  in  the  Prussian  province  of  Hesse- 
Nassau ;  on  the  river  I.ahn.  The  environs  are 
beautiful.  As  early  as  1583  it  was  a  town  of 
resort  as  a  watering-place.  The  mineral  waters 
at  Ems  are  warm  —  from  TO'  to  133°  F. ;  they 
are  of  the  saline  class,  containing  large  quanti- 
ties of  carbonic  acid  gas,  and  arc  used  with 
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much  effect  in  chronic  catarrhs,  pulmonary 
complaints  and  some  other  diseases.  The  his- 
tory of  the  town  dates  back  to  the  9th  century, 
and  the  lead  and  silver  mines  have  been  worked 
a  number  of  years.  Since  1865  the  fame  of 
the  springs  has  overshadowed  its  industrial  and 
trade  advantages.  It  was  here  that  the  memor- 
able interview  between  the  king  of  Prussia  and 
the  French  ambassador,  Benedetti,  took  place 
which  formed  the  prologue  to  the  Franco-Prus- 
sian war  of  1870-71.   Pop.  6,519. 

EMS,  river  of  Germany,  which  rises  at  the 
southeast  extremity  of  the  Tcutoburgcr-Wald, 
in  Lippe-Detmold,  flows  northwest  through 
Rhenish-Prussia  and  Hanover,  and  into  the 
Dollart,  near  Emden;  length  about  210  miles. 
It  drains  an' area  of  about  4,600  square  miles. 
Its  chief  affluents  are  the  Aa,  the  Haase,  the 
Hessel,  and  the  Lcda,  all  from  the  east.  It 
is  navigable  as  far  as  Papenburg  for  light  ves- 
sels, but  it  supplies  water  to  numerous  canals, 
which  are  used  for  both  irrigation  and  naviga- 
tion. In  1818  it  was  connected  by  a  canal  with 
the  Lippc,  and  thus  with  the  Rhine,  and  its  im- 
portance has  been  greatly  increased  py  the  open- 
ing of  the  Dortmund- Ems  and  other  canals. 

EMS  DISPATCH.  The  historical  designa- 
tion of  the  communication  which  precipitated 
the  Franco-German  War  of  1870-71.  The  his- 
tory of  the  famous  Ems  telegram,  with  the 
texts  of  the  original  dispatch,  is  as  follows: 

Isabella,  Queen  of  Spain,  deposed  in  1868, 
formally  abdicated  25  June  1870,  and  the  Span- 
ish throne  was  thus  left  vacant.  On  5  July  the 
foreign  governments  were  notified,  and  the  fact 
was  generally  made  known  that  Prince  Leopold 
of  Hohenzollcrn  evidently  with  the  approval 
of  the  King  of  Prussia,  had  consented  to  be- 
come a  candidate  for  the  vacant  throne.  The 
announcement  created  intense  excitement  '  in 
France.  Seven  days  later  the  withdrawal  of 
Prince  Leopold's  candidacy  was  made  public. 

The  next  day,  13  July,  the  French  ambassa- 
dor, Count  Benedetti,  forced  himself  upon  the 
presence  of  the  King  of  Prussia  at  Ems  and 
insisted  that  the  king  make  a  formal  and  spe- 
cific declaration  that  no  Hohenzollern  Prince 
would  be  permitted  to  accept  the  throne  of 
Spain.  The  king  declined  to  listen  to  such  de- 
mands and  broke  off  the  interview.  When  the 
account  of  what  happened  was  sent  to  Bis- 
marck, it  was  with  permission  to  "use1'  it  Bis- 
marck used  it  by  giving  to  the  press  abridged 
features  of  the  French  demand,  with  the  result 
that  the  Germans  were  inflamed  against  France, 
France  declared  the  nation  insulted,  and  war 
was  declared.  The  details  arc  shown  in  the 
texts,  which  follow : 

This  is  Abekcn's  telegram  of  13  July  1870 
to  Bismarck : 

"His  Majesty  the  King  writes  to  me: 
'Count  Benedetti  caught  me  on  the  Promenade 
and  importunately  requested  me  to  authorize 
him  to  send  a  telegram  at  once  saying  I  bound 
myself  not  to  consent  to  the  Hohenzollcrn  can- 
didature should  they  recur  to  it  at  any  future 
time  ;  this  I  declined,  and  rather  sternly  at  last. 
One  cannot  enter  a  tout  jamais  into  such  an  en- 
gagement. I,  of  course,  told  him  that  I  had 
no  news,  but  as  he  got  his  from  Paris  and 
Madrid  sooner  than  I  did,  he  must  understand 
that  my  government  was  taking  no  part  in  the 
matter.' 
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"Since  then  his  Majesty  has  received  a  letter 
from  Prince  Karl  Anton.  His  Majesty  had  in- 
formed Count  Bcnedctti  that  he  was  expecting 
news  from  the  Prince,  but,  having  regard  to  the 
above  reasonable  demand,  his  Majesty  resolved, 
on  the  advice  of  Count  Kulenburg  and  myself, 
not  to  receive  Count  Bencdctti  again,  but  merely 
to  send  him  a  message  by  an  adjutant  to  the 
effect  that  his  Majesty  had  now  received  from 
the  Prince  the  confirmation  of  the  news  which 
Bencdetti  had  already  received  from  Paris,  and 
that  his  Majesty  had  nothing  further  to  say 
to  the  ambassador.  His  Majesty  leaves  it  to 
the  decision  of  your  excellency  whether  this 
new  demand  of  Benedctti  and  our  refusal  to 
comply  therewith  should  not  be  forthwith  com- 
municated to  our  ambassadors  and  to  the  press.* 

As  issued  by  Bismarck,  the  telegram  read 
as  follows: 

•After  the  news  of  the  renunciation  of  the 
Prince  of  Hohenzollern  had  been  officially  com- 
municated by  the  Spanish  government  to  the 
French  government,  the  French  ambassador  in 
Ems  nevertheless  demanded  that  his  Majesty 
should  authorize  him  to  telegraph  to  Paris  that 
his  Majesty  pledged  himself  for  all  future  time 
never  again  to  give  his  consent  to  the  Hohcn- 
zollerns  resuming  their  candidature.  His 
Majesty  has  thereupon  declined  to  receive  the 
ambassador  again  and  has  informed  him 
through  the  adjutant  that  he  has  nothing  further 
to  communicate  to  the  ambassador." 

Consult  Barrctt-Lcnnard  (Mrs.)  and  Hoper 
(M.  M.),  Bismarck's  Pen:  "The  Life  of  Hein- 
rich  Abekcn>  (London  1911). 

EMSER,  em'zer,  Hieronymus,  German 
Roman  Catholic  theologian:  b.  Ulm,  26  March 
1472;  d.  Dresden,  8  Nov.  1527.  In  1502  he  be- 
came professor  at  the  University  of  Erfurt, 
where  Luther  is  said  by  him  to  have  been 
among  his  pupils.  In  1504  he  established  him- 
self at  Leipzig,  where  he  also  lectured  at  the 
university.  He  served  as  secretary  to  Duke 
George  of  Saxony,  who  sent  him  on  a  mission 
to  Rome,  in  order  to  obtain  the  canonization  of 
Bishop  Bcnno  of  Meissen.  With  Luther  and 
the  theologians  of  Wittenberg  generally  he  was 
on  good  terms  until  the  disputation  of  Leipzig 
in  1519,  from  which  time  he  made,  in  union 
with  Dr.  Eck,  incessant  endeavors  to  oppose  the 
increasing  influence  of  Luther  and  the  progress 
of  Protestantism.  The  German  translation  of  the 
Bible  by  Luther  was  attacked  by  him  as  errone- 
ous, whereupon  it  was  forbidden  in  Saxony  by 
Duke  George.  Emser  then  himself  published  a 
translation  of  the  New  Testament  into  German, 
made  from  the  Vulgate  (1527).  He  also  wrote 
'Vita  S.  Bcnnonis,'  as  he  ascribed  to  Saint 
Benno  his  recovery  from  a  severe  sickness. 

EMU,  the  only  representative  of  the  fam- 
ily Dromaiidte,  and  with  the  cassowaries  the 
Australian  representatives  of  the  order  Struth- 
iones.  In  size  the  emu  ranks  between  the 
African  ostrich  and  the  rhca  of  South  America, 
the  African  bird  being  seven  feet  in  height  and 
the  emu  five.  In  general  appearance  and  form 
it  is  more  bird-like  than  either  of  the  others. 
Like  the  cassowary  of  northern  Australia,  its 
head  and  neck  are  feathered  and  the  back  is 
gracefully  arched.  Its  body  is  covered  with  a 
rich  brownish  plumage.  With  the  rhca  and  cas- 
sowarv,  it  has  three  toes  on  the  foot,  while  the 
African  ostrich  has  but  two.    The  emu  is  a  bird 


of  the  plains,  where  it  feeds  upon  fruits,  herbs, 
and  roots.  The  nest  is  scooped  in  the  sand, 
and  the  number  of  eggs  is  six  or  seven,  of  an 
attractive  green,  each  measuring  five  inches  in 
length.  The  feathers  have  no  ornamental  value, 
and  the  flesh  is  eaten  only  by  the  natives. 
Coursing  the  emu  has  been  carried  to  such  an 
extent  that  the  birds  of  New  Holland,  once 
spread  throughout  the  whole  continent,  are  now 
in  many  parts  exterminated.  It  is  valued  by 
the  natives  chiefly  for  the  fat  beneath  the  skin 
which  contains  great  quantities  of  oil.  The  emu 
utters  a  faint  booming  noise  and  sometimes  a 
shrill  piping  note.  In  confinement  it  is  found 
to  be  tractable,  and  is  readily  tamed. 

EMUCKFAW  AND  ENOTACHOPCO, 
Battles  of,  in  the  War  of  1812.  After  the 
battle  of  Talladega  (q.v.),  the  volunteers 
mutinied  and  on  10  Dec.  1813  demanded  their 
discharge,  but  on  14  Jan.  1814  Jackson  was  re- 
inforced by  900  sixty-day  militia  and  therefore 
decided  to  co-operate  with  Gen.  John  Floyd 
(who  had  recently  won  the  battle  of  Autessee, 
aiming  at  Emuckfaw,  a  town  40  miles  north 
of  Tuckaubatchce  (q.v.).  On  20  January 
with  930  militia  and  about  200  Creeks  and 
Cherokees,  he  camped  on  Enotachopco  Creek, 
12  miles  from  Emuckfaw,  where  on  the  morn- 
ing of  the  22d  he  was  attacked  by  the  Indians 
but  repulsed  them  with  great  slaughter  and 
drove  them  nearly  two  miles  from  the  field 
On  the  23d  Jackson  began  the  return  journey  to 
Fort  Strother  but  the  next  day,  while  crossing 
Enotachopco  Creek,  the  Indians  attacked  and 
threw  his  force  into  disorder,  many  of  the 
troops  fleeing.  But  Colonel  Carroll  with  25 
men  maintained  their  ground  and,  rallying  the 
fugitives,  Jackson  soon  turned  defeat  into  vic- 
tory. His  loss  in  the  two  fights  was  24  killed 
and  71  wounded,  and  that  of  the  Indians  200 
dead  and  many  wounded  On  27  January  he 
returned  to  Fort  Strother  where  he  remained 
until  the  battle  of  Horseshoe  Bend  (q.v.), 
Floyd  in  the  meanwhile  having  fought  the  bat- 
tle of  Tuckaubatchce  (q.v.).  Consult  Adams, 
Henry,  'United  States'  (Vol.  VII,  pp.  247- 
249) ;  Fay,  H.  A,  < Official  Accounts >  (pp.  170- 
178);  Lossing,  <War  of  1812>  (pp.  773-777); 
Wiley  and  Rines,  'The  United  States*  (Vol.  V. 
pp.  452-453)  ;  biographies  of  Jackson  by  Parton 
(Vol.  I,  pp.  487-194).  Buell  (Vol.  I,  pp.  318- 
321),  Frost  (pp.  205-223). 

EMULSIN  (0 — glucase),  a  mixture  of 
closely  related  enzymes  which  hydrolyze  the  Q- 
glucosides.  It  contains  a  jg-glucase  proper,  a 
cyanase,  an  amygdalase  and  a  lactase.  It  is 
found  in  many  seeds  and  especially  in  the  bitter 
almond,  but  also  in  the  sweet  almond  and  the 
kernel  of  the  cherry  pit.  The  addition  of  a 
small  amount  of  water  to  this  seed  develops  the 
characteristic  reaction  and  the  formation  of  the 
oil  of  bitter  almonds,  containing  the  deadly 
poison  prussic  acid  in  solution.  Emulsin  is  ex- 
ceptionally wide  in  its  action,  owing  probably 
to  its  compound  nature.  But  it  is  commonly  con- 
sidered as  a  unit,  and  a  specific  enzyme  for  Q- 
alkvl  glucosides ;  and  all  glucosides  which  are 
hydrolyzcd  bv  it  are  regarded  as  derivatives  of 
|3-glucose.  Some  of  its  properties  are  erratic: 
it  hydrolyzes  isomaltosc,  but  synthesizes  glucose 
to  maltose.  Emulsin  hydrolyzes  the  natural 
glucosides:  aesculin  amygdalin,  androsin,  arbu- 
tin,  aucubin,  bankankosin,  calmatambin,  coni- 
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EMULSION  —  EN  AMI 

ferin,  daphnin,  dhurrin,  gentiopicrin,  bclicin,  in- 
carnatrin,  indican,  mandelonitrile  glucoside, 
mcliatin,  oleuropein,  picein,  prulaurasin,  salicin, 
samhiinigrin,  syringin,  taxicatin  and  vcrbcnalin, 
and  the  synthetic  fl-glucosides. 

Emulsin  is  prepared  by  digesting  the  oil-free 
pulp  of  ground  sweet  almonds  with  a  little  tolu- 
ene or  chloroform  for  several  hours,  generally 
overnight.  The  whole  is  then  put  into  a  cloth 
bag  and  the  liquid  pressed  out.  This  is  treated 
with  acetic  acid,  drop  by  drop,  until  the  protein 
has  been  all  precipitated.  The  clear  liquid  is 
treated  with  alcohol  in  repeated  small  quanti- 
ties until  no  more  precipitate  falls.  Pouring 
off  the  liquid  the  precipitate  is  hurriedly  washed 
with  absolute  alcohol  and  ether  to  remove  all 
moisture.  It  is  then  thoroughly  dried  in  a 
vacuum  to  a  soft  white  powder.  Consult  Arm- 
strong, E.  F.t  'Lactase,  Maltase  and  Emulsin* 
(London  1912). 

EMULSION,  the  term  applied  to  those 
preparations  in  pharmacy  in  which  oily  sub- 
stances are  suspended  in  water  by  means  of  gum, 
sugar,  carrageen,  etc,  called  emulsifiers.  In 
general  it  will  be  found  that  the  bulk  of  the 
cmulsifier  must  first  be  taken,  while  the  oil 
should  only  be  added  little  by  little,  rubbing 
together  in  a  mortar,  and  taking  care  that  it  is 
completely  absorbed  or  emulsified  before  further 
additions.  Should  too  much  be  added,  the  effect 
is  to  throw  out  most  of  what  has  already  been 
incorporated;  it  is  then  practically  impossible  to 
remedy  the  error.  The  emulsion  of  cod-liver 
oil  is  familiarly  known.  Milk  and  the  yolk  of 
eggs  are  natural  emulsions.  The  name  is  also 
given  to  suspensions  in  water  of  certain  in- 
soluble substances,  such  as  resins.  These  be- 
ing reduced  to  impalpable  form  are  mixed  with 
a  syrup  of  gum  or  sugar,  or  other  viscid  fluid 
thick  enough  to  prevent  their  settling.  A 
familiar  instance  of  this  form  of  emulsion  is 
common  coal  tar,  which  appears  black  because 
of  the  particles  of  free  carbon  suspended  in 
the  colorless  pitch. 

ENAMBUC,  a-n5n-buk,  or  ESNAMBUC, 
Pierre,  French  navigator  :  b.  Dieppe  about  1570; 
d.  Saint  Christopher,  W.  I.,  December  1636. 
Being  of  an  adventurous  spirit,  he  sailed  from 
Dieppe  in  1625  in  a  brigantine  of  eight  guns, 
for  the  Antilles.  He  landed  in  the  island  of 
Saint  Christopher  on  the  same  day  with  a  party 
of  English  colonists,  with  whom  he  divided  the 
island,  and,  until  his  death,  held  the  French 
half  of  the  colony  with  extraordinary  tenacity. 
In  1635  he  took  possession  of  Martinique  in  the 
name  of  the  king  of  France,  and  founded  the 
town  of  Saint  Pierre  (q.v.). 

ENAMELS  AND  ENAMELING.  The 

term  enamel  is  Used  for  certain  siliceous  com- 
pounds employed  for  coating  metals.  They  are, 
in  every  sense  of  the  word,  glass,  either  trans- 
parent, opaque,  white  or  colored.  The  art  is  a 
very  ancient  one,  some  claiming  it  originated 
with  the  Scvthians,  who  are  said  to  have  in- 
troduced it  into  China  during  the  reign  of  a 
certain  Emperor  Thaiwonti,  but  India  was  ac- 
quainted with  the  art  before  China.  Extant 
evidence  exists  that  the  ancient  Egyptians, 
Phoenicians  and  Assyrians  used  enamel  coating 
in  the  decoration  of  jewelry,  and  of  the  clay 
beads  and  scarabs  of  the  Nile-dwellers  in  our 
museums  many  arc  covered  with  colored  glass. 
The  subject  of  enamel  work  on  the  precious 
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metals  is  discussed  in  another  article  (see  Art 
Enamels),  so  we  will  confine  this  article  to  the 
technical  side  of  enamel  production  and  the 
industrial  utilization  of  enamel. 

Raw  Materials. —  The  ingredients  used  in 
the  production  of  the  different  kinds  of  enamels 
are  felspar,  quartz,  fluorspar,  borax,  boric  acid, 
soda,  potash,  saltpetre,  cryolite,  clays,  ammo- 
nium carbonate,  stannic  oxide  and  water.  The 
coloring  agents  used  are  cobalt  oxide,  limonite, 
iron  oxides,  chromic  oxide,  cupric  oxide,  etc 
The  felspar  composition  most  desirable  con- 
sists of  siliceous  earth  65  per  cent,  alumina  18 
per  cent,  alkalis  16  per  cent.  For  the  creation 
of  white  enamels  it  is  essential  that  the  felspar 
shall  be  as  free  from  iron  oxide  especially,  as 
possible.  Quartz  must  be  pure  but  it  is  fre- 
quently replaced  beneficially  with  a 'fine  white 
nver  sand,  which  is  pure  quartz.  Fluorspar  or 
calcium  fluoride  of  the  purest  quality  only  can 
be  used,  for  white  enamels  especially.  The 
borax  needed  for  enamels  is  of  the  monoclinic 
system  of  crystallization  (containing  10  mole- 
cules water  of  crystallization)  not  the  octahe- 
dral crystals  regular  sj'Stcm,  _  which  contain 
only  five  molecules  water.  It  is  used  as  a  flux 
or  accelerator  of  fusion.  Boric  acid  functions 
the  same  as  borax  but  the  former  is  more  fre- 
quently used  than  the  latter.  Soda  and  potash 
nave  identical  action  in  enamels  and  their  pres- 
ence heightens  the  lustre  if  it  is  not  used  too 
freely.  The  soda  of  commerce,  being  cheaper, 
is  mostly  employed;  it  is  first  calcinedto  obtain 
its  anhydrous  condition,  then  finely  powdered. 
Saltpetre  (nitre)  used  is  the  sodium  variety,  be- 
ing cheaper  than  the  potassium  salt.  It  is  used 
chiefly  to  decolorize ;  little  or  none  at  all  is 
needed  in  the  blue  enamels.  Cryolite  used  in 
the  enamel  industry  may  be  cither  the  natural 
or  the  artificial.  This  sodium-aluminum-fluoride 
is  utilized  for  its  double  reaction  of  acting  as 
flux  and  creating  opalescence.  Ammonium  car- 
bonate is  supposed  by  some  to  be  a  valuable  in- 
gredient to  inhibit  cracking  or  crazing  of  the 
enamel  in  firing  on  account  of  its  making  the 
substance  more  uniform.  Some  authorities, 
however,  declare  its  use  a  waste  of  money  and 
useless.  Stannic  oxide  is  expensive  with  the 
present  prices  of  tin  but  its  use  continues  as  a 
necessity  after  many  attempts  with  substitutes. 
Care  must  be  taken  in  maintaining  the  purity  of 
the  metal  while  in  the  oxidizing  process  or 
small  black  spots  will  appear  in  the  baked 
enamel  from  impurities  or  may  occur  from 
particles  of  metal  not  having  become  oxidized. 
This  chemical  produces  perfect  opacity,  which 
antimony  substitutes  do  not,  unless  sufficient  be 
used  to  cause  'other  defects.  The  poisonous 
character  of  antimony  has  also  caused  its  use  to 
be  forbidden  in  many  countries.  Lead  oxide 
lends  a  wonderful  brilliance  to  enamels;  it  acts 
also  as  a  flux  of  great  power.  The  lead  oxides 
were  formerly  used  considerably  on  earthen- 
ware utensils  to  assist  the  glaze,  but  long  since 
they  have  been  eliminated  by  law  on  account  of 
their  poisonous  nature,  their  solubility  render- 
ing them  extremely  injurious  when  used  on 
vessels  for  cooking,  or  even  containing,  food- 
stuffs. The  use  of  the  lead  oxides  is,  there- 
fore, restricted  to  the  glazes  of  ornaments  and 
art  work. 

Coloring  Matters.—  Cobalt  oxide  affords  an 
intense  blue  color  when  used  in  strength  and 
can  be  reduced  in  tone  in  lesser  proportions. 
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Aside  from  its  use  in  pigment  cobalt  oxide  has 
the  physical  value  of  adhesiveness  to  sheet  iron 
through  its  coefficient  of  expansion  being  the 
same  as  sheet  iron.  It,  therefore,  forms  an 
ideal  ingredient  for  the  enamels  used  in  cooking 
utensils.  Perhaps  it  is  here  necessary  to  the 
uninitiated  to  state  that  one  of  the  first  require- 
ments in  an  efficient  enamel  body  is  that  it  shall 
adhere  to  the  metal  under  the  stress  of  changes 
of  temperature.  On  account  of  the  high  cost  of 
cobalt  nickel  oxide  is  much  used,  through  its 
considerably  lower  price.  Limomtc  is  a  per- 
oxide of  manganese  (called  also  pyrolusite)  and 
is  used  in  enamels  to  bleach  out  any  impurity  of 
tone  in  the  white  enamels.  Additional  propor- 
tions will  produce  dark  violet  (the  noted 
manganese  violet  of  the  ceramist)  and  mix- 
ing a  proportion  of  iron  oxide  with  the  limonite 
gives  beautiful  brown  to  black  effects.  Limo- 
nite in  small  proportions  is  sometimes  blended 
with  the  more  costly  cobalt,  producing  a  red- 
dish blue  of  much  brilliancy.  Ferric  oxide  may 
be  prepared  to  produce  either  a  bright  red  or  a 
reddish  violet  pigment  according  to  the  amount 
of  heat  applied  in  its  manufacture.  Chromic 
oxide  produces  a  green  enamel  and  cupric  oxide 
gives  a  dark-green  and  a  bluish-green;  again  a 
bluish-green  can  be  obtained  by  a  combination 
of  copper  and  cobalt  salts  or  chromium  and 
copper  salts,  varying  from  bluish-green  to 
greenish-blue  according  to  their  equivalents  in 
the  mixture.  The  salts  of  chromium,  cadmium, 
uranium  and  titanium  can  each  be  used  in  ob- 
taining yellow  enamels.  Ferrous  chromate 
produces  a  lovely  brown ;  it  is  called  Brongniart's 
brown,  after  the  great  French  ceramic  chemist. 
Nickel  is  used  in  obtaining  a  gray  enamel.  The 
salts  of  gold  produce  a  oeautiful  rose  enamel 
as  well  as  the  loveliest  pink.  But  a  far  less 
expensive  pink  is  produced  bv  chalk,  quartz, 
stannic  oxide,  borax  and  bichromate  of  potash 
mixed  and  heated  to  a  frit,  the  pigment  being 
dissolved  in  water  to  separate  it  from  the 
solids.  Antimony  produces  several  yellows  in- 
cluding the  noted  Naples  yellow  (lead  anti- 
monate)  of  the  art  porcelains;  they  are,  how- 
ever, poisonous  and  forbidden  in  food  utensils. 

Enamel  Manufacture. —  In  the  mixing  oper- 
ations only  absolutely  trustworthy  operators 
arc  employed.  The  working  formulae  are  kept 
strictly  secret  from  all  but  the  highest  officials. 
From  this  point  our  description  will  be  devoted 
to  practices  applied  in  the  sheet  iron  and  steel 
enamel  industry.  Every  ingredient  has  to  be 
dry  and  the  degree  of  pulverization  cannot  be 
too  fine  to  obtain  a  homogeneous  enamel.  The 
same  care  and  time  has  to  be  given  to  the 
process  of  mixing  the  different  ingredients. 
The  French  machine  (mflangeur)  does  very 
effective  work.  The  various  chemicals  are  kept 
in  separate  bins,  and,  in  order  to  maintain 
secrecy,  each  ingredient  is  known  only  under  a 
letter  or  number.  ^  Taking  the  raw  material 
from  the  bins  it  is  loaded  into  small  cars 
termed  "dollies,*  which  are  loaded  to  a  height 
approximating  the  quantity,  then  run  on  to  a 
scale  and  weighed  and  the  excess  shoveled  back 
or  fresh  added.  The  precaution  is  taken  to  have 
the  scale  beam  and  its  graduation  marks  invisible 
to  all  but  the  person  presiding  over  the  work. 
With  the  completion  of  loading  all  the  dif- 
ferent materials  in  correct  proportions  in  their 
individual  "dollies*  the  material  is  mixed  on  a 
hard  maple  floor  of  the  machine.    First  comes 


the  coarser  material  at  bottom,  the  finest  on  top. 
The  mixture  made,  it  is  hoisted  by  an  electric 
elevator  and  run  to  its  bin  and  the  process  is 
renewed  in  preparing  the  next  kind  of  enamel, 
again  to  be  stowed  in  its  special  bin.  By 
means  of  a  traveling  buckd:  holding  the  cor- 
rect amount  for  a  melt  the  mixed  raw  material 
(about  1,200  pounds)  is  carried  to  the  Wan 
furnace  (rarely  a  crucible  furnace).  The  kind 
of  furnace  common  in  American  use  is  the 
same  that  is  used  in  the  manufacture  of  glass 
and  is  heated  with  natural  gas  or  crude  oil  as 
the  most  economical  fuel,  though  coal  is  used 
in  the  older  factories.  The  furnace  temperature 
has  to  be  very  carefully  regulated  as  insufficient 
heat  produces  a  slow  melt  liable  to  create  a  de- 
composition, whereas  too  high  a  degree  may 
create  combustion  or  some  chemical  reaction 
injurious  to  the  outcome.  Some  authorities 
place  1.000°  C.  for  a  glaze  heat  and  about 
1,300°  C.  for  a  ground  coat.  Control  over  the 
heat  is  permitted  by  the  installation  of  pyrome- 
ters. A  furnace  can  afford  from  seven  to  eight 
melts  in  24  hours.  As  the  ingredients  fuse 
separately  according  to  their  different  melting 
points  great  care  has  to  be  taken  that  the  mixed 
mass  be  kept  stirred  lest  they  separate.  The 
length  of  time  needed  for  the  smelt  differs  ac- 
cording to  the  enamels,  a  white  fusing  well  at 
two  hours  while  ground  enamels  and  blues  take 
from  two-and-a-half  to  three  hours,  and  so 
forth.  The  enamel  is  now  a  liquid  glass,  in 
which  state  it  is  drawn  off  by  releasing  a  fire- 
clay plug  located  in  the  front  of  the  furnace. 
The  molten  body  flows  into  a  tank  of  cold 
water  and,  with  noisy  reaction,  the  vitreous 
liquid  is  torn  into  shreds  and  small  pieces  with 
explosive  violence,  leaving  minute  fissures 
throughout  the  substance.  Besides  toughening 
the  enamel  body  this  so-called  "quenching*  as- 
sists in  easing  the  next  process,  which  is  grind- 
ing. This  grinding  cannot  be  too  fine,  in  fact 
the  finer  the  resulting  impalpable  powder  the 
brighter  the  resulting  lustre  of  the  enamel.  The 
suddenly  quenched  glassy  mass  is  known  as  a 
•frit.*  During  the  grinding  other  materials  are 
added,  such  as  stannic  acid  for  creating  an 
opaque  white,  or  pigments  for  the  different 
colors.  About  30  hours  is  required  for  grind- 
ing in  the  large  ball  mills.  The  latter  are 
cylindrical,  about  five  feet  in  length  and  have 
a  diameter  of  about  six  feet,  and  are  lined  with 
porcelain  bricks.  To  the  frit,  which  should  re- 
tain about  50  per  cent  of  water,  is  added  a 
small  percentage  of  white  ball-clay.  About  2 
per  cent  zinc  oxide  improves  a  white.  The  day 
addition  is  made  to  help  hold  the  other  ingredi- 
ents in  suspension,  hindering  them  from  sub- 
siding according  to  their  specific  gravities;  it 
also  creates  opacity,  increasing  at  the  same  time, 
the  needed  quality  of  elasticity  of  the  enamel. 
Other  additions  arc  added  in  proportions  in  ac- 
cord with  the  secret  formula;,  such  as  sal:am- 
moniac,  ammonium-carbonate,  magnesium- 
chloride,  burnt  magnesia,  chloride  of  sodium 
(table  salt),  borax,  soda,  etc.  The  ground  mass 
should  reach  the  consistency  of  a  rich  cream, 
when  it  is  poured  into  tanks  and  left  to  mature 
for  a  week  or  more. 

Formulas. — A  German  formula  for  a  white 
enamel  is  (in  kilogram  equivalents)  borax, 
132;  quartz,  152;  felspar,  130;  soda,  26;  salt- 
petre, 6;  cryolite,  78;  fluorspar,  3j  magnesia.  6. 
An  a«id-rcsisting  enamel  white  is  borax,  74; 
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felspar,  100;  quartz,  115;  cryolite,  47;  stannic 
oxide,  40;  fluorspar,  6;  soda.  20;  saltpetre,  10; 
magnesium  carbonate,  1 ;  pure  powdered  glass- 
meal,  53;  clay,  12;  calcspar,  6.  A  blue  enamel 
formula  is  borax,  60.0;  alumina,  3,6;  felspar, 
101.0;  soda,  62;  natural  cryolite,  24.0;  salt- 
petre, 3.0;  fused  enamel  fragmentary,  40.0; 
cobalt  oxide,  3.0;  limonite,  0.3;  ferric  oxide, 
0.1.  A  black  fused  enamel  formula  is  borax, 
62;  felspar,  120;  soda,  14;  ferric  oxide,  8;  cobalt 
oxide,  2;  smalt,  16;  limonite,  16. 

The  Metal  and  Treatment. —  In  the  pro- 
duction of  steel  enameled  kitchen  utensils  the 
metal  should  be  as  free  as  possible  from  sul- 
phur, carbon,  silicon  or  phosphorus  and  with  a 
general  manganese  content  of  about  0.2  per 
cent.  The  sheets  (oblong  or  square)  run  from 
27  to  20  gauge.  Applying  as  little  heat  as  pos- 
sible, they  are  circled,  stamped  and  spun,  using 
a  lubricant  that  is  easily  eliminated.  A  pick- 
ling process  must,  of  course,  cleanse  the  metal 
from  impurities  before  the  shaping  is  done. 
The  additional  trimmings  (ears,  handles,  etc) 
should  be  welded  on  because  the  enameling  of 
riveted  parts  is  a  difficult  process. 

The  Enameling  Process. —  The  operation 
as  carried  on  in  American  factories  is  clearly 
described  by  R.  D.  Landrum,  an  expert.  This 
work  starts  in  the  "dipping  room,"  where  the 
liquid  enamel  is  placed  in  tanks  of  dish-pan 
form  sunk  into  tables.  The  operator,  called  a 
"slusher,"  dips  the  stamped  steel  vessel  (which 
has  been  previously  cleansed  of  all  grease' and 
impurities)  into  the  enamel.  Coming  out  of 
the  immersion  the  vessel  is  covered  with  a  film 
of  the  wet  enamel,  any  drip  or  excess  is  elimi- 
nated by  the  slusher  gently  swinging  the  object, 
when  it  is  placed,  bottom  down,  on  three  metal 
points  that  project  from  a  board.  .After  several 
vessels  arc  placed  on  the  board  it  is  set  in  a 
rack,  and,  when  dry  and  the  rack  full,  they  are 
conveyed  to  the  furnace  room,  where  a  hank  of 
muffle  ovens  receives  them.  The  temperature 
(about  1,000°  C.)  here  fuses  the  minute 
powdered  particles  of  enamel  together  into  a 
glass  coating  covering  the  entire  vessel,  a  proc- 
ess requiring  but  three  to  five  minutes.  Other 
coats  are  added,  as  needed,  over  this  ground 
coat.  In  a  three-coat  piece  we  wish,  perhaps, 
three  coats  of  white  on  the  inside  and  turquoise- 
blue  outside.  The  ground  coat  enamel  having 
dried  and  been  passed  thro-igh  the  oven  comes 
out  almost  black,  from  the  cobalt  and  nickel 
oxides,  and  the  piece  is  left  to  cool.  The  slush- 
ing room  operator  now  gives  the  vessel  an  im- 
mersion in  white  enamel  and  adds  a  black  "bead* 
or  edge  on  the  rim.  This  second  coat  still  shows 
up  grayish  as  the  first  coat  penetrates  through 
after  firing,  so  it  is  subjected  to  another  dip 
at  the  hands  of  the  slusher  in  the  white  enamel. 
A  spray  of  bluc-green  enamel  is  applied  to  the 
outside,  before  drying,  with  the  aid  of  a  wire 
brush,  or  the  more  up-to-date  machine  which 
acts  as  an  atomizer.  The  vessel  is  next  dried 
and  fired  again  in  the  oven,  leaving  turquoise 
blue  spots  outside  on  the  white  background. 
The  next  process  is  the  assorting  of  the  finished 
wares  into  "firsts,"  "seconds"  and  "thirds*  or 
job  lots,  according  to  their  perfection  or  de- 
fects. Imperfection  in  the  cleaning  of  the 
original  vessel  may  have  caused  minute  spots  to 
appear  on  the  surface,  due  to  rust  or  dirt.  This 
defect  can  sometimes  be  remedtcd  by  filing  the 
spots  off,  or  subjecting  them  to  a  sand-blast, 
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and  giving  the  vessel  another  coat  of  enamel 
The  discovery,  or  invention,  of  applying  enamel 
coatings  to  metal  ware  such  as  kitchen  utensils, 
bathtubs,  etc.,  in  the  same  manner  as  the  bath 
tiles  and  earthen  utensils  which  had  been  used 
by  our  fathers  was  indeed  opportune,  for  the 
rising  price  of  the  metal  had  made  the  process 
of  tinning  so  exorbitant  that  the  industry  was 
in  real  distress,  with  the  certain  prospect  of 
the  price  of  tin  advancing  to  much  higher  pro- 
portions. The  iron-enamel  industry  has  ex- 
tended its  lines  into  sanitary  ware,  hygienic  im- 
plements, chemical  apparatus  and  numerous 
other  branches.  The  growth  of  the  industry, 
starting  principally  in  France  and  Germany  on 
a  large  scale,  has  extended  to  the  United  States, 
all  in  the  course  of  about  25  years.  The  Ger- 
man output,  by  1909  already,  was  90,000,000 
kilos,  employing  a  capital  of  near  $15,000,000. 
In  1914  the  industry  in  Germany  and  Austria- 
Hungary  employed  in  the  neighborhood  of  60,- 
000  wage  earners.  In  the  United  States  the 
*  Census  of  Manufactures'  (1914),  gives  us  the 
following  interesting  statistics  of  the  sheet  iron 
and  steel  enamel  industry.  There  were  270 
factories,  employing  28,731  operators.  They 
produced  goods  valued  at  $68,979,005,  and  had  a 
payroll  of  $15,242,586.  Consult  Gruenwald,  J., 
'The  Theory  and  Practice  of  Enameling  on 
Iron  and  Steel >  (translation  by  H.  H.  Hodgson, 
London  1909)  ;  id.,  'The  Raw  Materials  for  the 
Enamel  Industry  and  their  Chemical  Technol- 
ogy'' (London  1914)  ;  Landrum,  R.  D., 
•Enamels'  (Cleveland  1918);  Millenct,  L.  E., 
'Manuel  pratique  de  l'emaillerie  sur  metaux' 
(Paris  1917). 

Clement  W.  Coumue. 
ENARA,  a-na'ra,  or  EN  ARE,  a-na'ra.  a 
lake  in  Finland;  areaf  about  145  square  miles. 
The  outlet  is  Fatsjoki  River,  which  flows  into 
the  Arctic  Ocean.  A  town  of  the  same  name,  at 
the  southwest  extremity,  is  inhabited  chiefly  by 
fishermen. 

ENAREA,  e-na're-a.  a  country  of  the  Gallas, 
south  from  Abyssinia,  between  fat.  7"  and  8° 
N.,  and  long.  35°  and  37°  E.  In  the  valley  of 
the  Gibbi,  immediately  beyond  Sakha,  the  chief 
town  of  the  country,  arc  extensive  plantations 
of  coffee,  which,  along  with  ivory,  is  largely 
exported.  The  inhabitants  are  the  most  civil- 
ized of  the  Gallas,  and  show  much  skill  in 
manufactures.   Pop.  about  40,000. 

ENARGITE,  en-ar'jit,  a  native  sulphars- 
enate  of  copper,  of  which  it  contains  48.3  per 
cent.  It  constitutes  an  important  ore  of  copper 
and  is  found  in  clcavable-granular  masses,  also 
in  orthorhombic  crystals.  It  has  eminent  pris- 
matic cleavage,  a  brilliant  metallic  lustre,  and 
grayish-black  color  and  streak.  Its  hardness  is 
3  and  specific  gravity  4.44.  It  is  common  in 
Chile.  Peru,  Mexico,  South  Carolina,  Colorado, 
Utah,  California  and  Montana. 

ENAULT,  a'no,  Louis,  French  novelist: 
b.  Isigny,  Calvados,  1824;  d.  Paris  1900.  He 
used  the  pen-name  "Louis  Vcrmond."  He 
wrote  many  novels  and  books  of  travel,  includ- 
ing among  them,  'Promenade  en  Belgiquc  ct 
sur  les  bords  du  Rhin'  (1852);  'La  terre 
sainte'  (1854);  'Constantinople  ct  la  Turquie' 
(185?);  'Voyage  en  Paponie  et  en  Norvege' 
(1857)  ;  'La  Mediterranee.  ses  eles  et  ses  bords' 
(1862)  ;  'L'Amerique  rcntrale  et  meridionalc* 
(1866)  ;  'Paris  brule  par  la  Commune'  (1871)  ; 
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<Valncigc»  (1887);  <Le  Chateau  des  anges' 
(1891);  'Tragiques  amours'  (1891);  <Jours 
depreuve'  (1894);  'La  tresse  blcuc'  (18%); 
•Myrto*  (1898);  and  a  French  translation  of 
< Uncle  Tom's  Cabin'  (1853). 

ENOffiNIA,  en-se'ni-a,  or  ENCENIA,  a 
name  given  to  the  feast  in  commemoration  of 
the  dedication  or  consecration  of  Christian 
churches.  In  early  times  it  was  applied  to  the 
feast  in  honor  of  the  founding  of  a  city  as  well 
as  in  honor  of  the  founding,  or  taking  pos- 
session by  dedication  or  consecration,  of 
churches.  The  custom  of  observing  the  anni- 
versary of  the  consecration  of  a  church  or 
cathedral  dates  from  the  time  of  Constantine, 
when  Christians  were  permitted  more  freedom 
of  worship  in  the  Roman  territory;  but  the 
Jews  before  the  coming  of  Christ  solemnly  ded- 
icated their  tabernacles;  and  in  a  certain  sense, 
consecrated  their  houses  of  worship.  The 
Christian  ceremonies  became  very  elaborate  on 
these  occasions  and  were  disapproved  and 
finally  modified.  The  name  is  applied  also 
to  commemorating  festivals  in  honor  of  the 
founders  and  benefactors  of  Oxford  and 
Cambridge  universities.  At  Oxford  University 
•Commemoration,"  or  "Encaenia,"  usually  takes 
place  the  third  Wednesday  after  Trinity  Sun- 
day. The  oration  in  honor  of  the  founders  and 
benefactors  is  given  in  Latin. 

ENCALADA,  an-sa-la'da,  Manuel  Blanco, 

Chilean  soldier  and  statesman:  b.  Buenos 
Aires,  Argentina,  1790;  d.  Santiago,  Chile,  5 
Sept.  1876.  He  studied  at  Madrid,  and  in  the 
Naval  Academy  at  Leon,  and  after  deserting 
from  the  Spanish  ranks  joined  the  Chilean  rev- 
olutionary party,  and  served  with  distinction 
both  in  the  artillery  and  in  the  navy.  He  be- 
came rear-admiral  in  1819,  and  major-general 
of  infantry  in  1820;  and  in  1825  was  appointed 
head  of  the  army  of  Chile.  He  was  for  two 
months  President  of  the  republic  in  1826,  gov- 
ernor of  Valparaiso  1847-52,  and  Minister  to 
France  1853-58. 

ENCAMPMENT,  the  military  camp  in  its 
more  comprehensive  sense,  including  the  occu- 
pants of  the  camp  proper,  as  well  as  the  phys- 
ical equipment  collected  and  arranged  to  shel- 
ter and  provide  for  them.  In  military  parlance 
the  shorter  term  "camp*  is  used  to  embrace  the 
whole  significance  of  the  term  encampment  — 
which  therefore  has  lapsed  to  a  greater  or  less 
degree  into  disuse,  except  among  the  romantic 
writers.    See  Camp. 

ENCAUSTIC.    Sec  Mural  Painting. 

ENCAUSTIC  PAINTING.  Sec  Paint- 
ing, Technique  of. 

ENCAUSTIC  TILES,  a  species  of  orna- 
mental tiles  made  of  a  finer  kind  of  clay  than 
the  ordinary  tiles,  but  not  so  fine  as  porcelain. 
These  arc  of  two  sorts:  plain  and  figured.  The 
plain  tiles  are  sometimes  square,  but  more  fre- 
quently triangular  and  of  different  colors;  the 
latter  shape  renders  possible  a  greater  number 
of  designs  when  the  tiles  arc  employed  in  a  sort 
of  mosaic  work  for  the  paving  of  churches, 
halls,  etc.  They  are  made  by  putting  the  col- 
ored clay  into  strong  steel  molds  and  subjecting 
it  to  a  pressure  of  several  hundred  tons,  by 
means  of  a  plunger  fitting  accurately  into  the 
mold.  The  under  surface  of  the  tile  is  usually 
ribbed  in  order  to  afford  a  better  hold  for 
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mortar.  The  clay  for  figured  tiles  is  pressed 
into  an  iron  mold,  the  bottom  of  which  is 
formed  of  a  plaster  of  Paris  pattern,  bearing 
the  desired  design.  The  pattern  being  removed, 
the  depressions  on  the  surface  of  the  tile  arc 
filled  with  colored  clays,  and  the  surface  is  then 
shaved  to  remove  all  superfluities  and  rugged- 
ncss,  leaving  the  pattern  intact.  The  tile  is 
then  dried  for  two  or  three  weeks  and  finally 
fired  by  being  exposed  to  an  intense  heat  for  60 
hours. 

ENCEINTE,  6n-sarit,  in  military  engineer- 
ing and  in  fortification,  the  continuous  line  of 
works  which  forms  the  main  enclosure  of  a 
town  or  fortress.  The  term  is  also  applied  to 
the  area  within  this  line. 

ENCELADUS,  son  of  Tartarus  and  Gara 
in  Greek  mythology;  one  of  the  hundred- 
handed  Titans  who  made  war  against  the 
gods.  Jupiter  slew  him  with  a  thunderbolt  and 
burned  him  under  Mount  /Etna.  The  name 
Enceladus  was  given  to  the  second  satellite  of 
Saturn,  discovered  by  Herschel  28  Aug.  1789. 

ENCEPHALITIS,  an  inflammation  of  the 
brain  proper  which  may  be  localized  or  dif- 
fused, and  results  from  coexistent  intoxications, 
or  following  any  acute  affection  such  as  ulcer- 
ative endocarditis,  rheumatism,  mumps,  etc.  It 
is  quite  probable  that  many  cases  of  acute 
encephalitis  occur  in  children,  resulting  in  the 
wellrknown  picture  of  infantile  hemiplegia. 
The  symptoms  are  very  indefinite.  There  is 
headache,  vomiting,  somnolence.  There  may  be 
coma  or  delirium,  the  symptoms  all  pointing  to 
acute  inflammation  of  the  brain.  Acute  enceph- 
alitis is  usually  fatal.  In  many  of  the  insani- 
ties, as  acute  mania,  delirium,  dementia  para- 
lytica, there  is  a  form  of  encephalitis  usually 
present  Localized  encephalitis  usually  results 
in  abscess.    Sec  Brain,  Diseases  of  the. 

ENCEPHALOCELE,  en-sefa-UVsel.  a 
hernia  or  a  protrusion  of  a  portion  of  the  con- 
tents of  the  cavity  of  the  brain  through  an 
opening  in  the  skull  beneath  the  skin.  At  least 
three  different  forms  arc  described :  Menin- 
gocele, when  the  dura  mater  alone  protrudes 
from  the  cavity,  forced  out  by  the  pressure  of 
the  cerebrospinal  fluid;  hydrocephalocelc,  in 
which  the  tumor  consists  of  an  internal  hydro- 
cephalus ;  and  enccphalocele,  which  is  made  up 
of  true  brain-tissue  with  more  or  less  fluid  sur- 
rounding it.  Most  of  these  tumors  are  of  con- 
genital origin,  due  to  insufficient  union  of  the 
bones  of  the  skull ;  a  few  are  acquired  later  in 
life.  Surgical  procedure  is  the  only  efficient 
mode  of  treatment. 

ENCEPHALON,  the  contents  of  the  ?kull. 
See  Brain. 

ENCHANTER'S     NIGHTSHADE,  a 

name  common  to  plants  of  the  genus  C'xrceea, 
belonging  to  the  family  Onagract.ee,  of  which 
there  are  three  American  species,  C,  lutttiana, 
C.  pacifica  and  C.  alpina.  The  first  is  about 
a  foot  and  a  half  high,  and  has  delicate  ovate 
leaves,  small  white  flowers  tinged  with  pink, 
and  small  roundish  seed-vessels  covered  with 
hooked  bristles.  It  abounds  in  woods  from 
Nova  Scotia  to  western  Ontario,  south  to  Geor- 
gia and  we«t  to  Nebraska.  It  is  also  called  the 
bindweed  nightshade.  C.  alpina.  which  is  simi- 
lar but  smaller  and  more  delicate,  is  found  in 
cold,  moist  shady  woods  throughout  the  north- 
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crn  hemisphere.  Both  plants  are  common  in 
Europe  and  Asia.  Neither  has  any  affinity 
with  the  true  nightshades. 

ENCHASING,  or  CHASING,  the  art  of 

enriching,  beautifying  and  finishing  ornamental 
designs  in  raised  work  upon  metal  surfaces, 
especially  gold  and  silver.  When  these  designs 
have  received  their  general  form  by  casting  or 
hammering  they  are  ready  for  the  skilled  hand 
of  the  artisan  and  his  chasing  tools.  These  are 
of  a  great  variety  of  shapes  and  sizes,  fitted  to 
correspond  with  the  minute  details  of  the  most 
complex  work.  Some  arc  grooved  or  checkered 
at  the  ends,  and  some  of  the  gravers  and  burins 
are  curved  and  blunt,  while  others  taper  to  a 
needlepoint.  The  worker  possesses  a  set  of 
hammers,  big  and  little,  graded  in  size  to  suit 
any  kind  of  tool.  To  offset  his  alternating  task 
of  punching  and  carving  he  employs  sand  bags 
upon  which  to  rest  his  work  In  order  that 
the  form  of  hollow  articles  may  not  suffer  in- 
jury during  the  operations  they  are  filled  with 
a  composition  of  melted  pitch  and  brick  dust 
or  rosin.  Articles  in  copper  and  brass  are 
sometimes  filled  with  lead  to  give  them  firm 
support  within.  Fine  steel  blocks  are  often  used 
to  the  same  end.  Excellent  specimens  of  chased 
work  are  seen  in  pieces  of  ancient  armor,  and 
in  vases  and  other  ornaments  in  gold  and  silver- 
plate.  Among  the  most  beautiful  are  those  exe- 
cuted by  Benvenuto  Cellini  (q.v.)  in  the  16th 
century.  Bronze,  richly  wrought,  has  taken  its 
place  beside  gold  and  silver  work. 

ENCINA,  en-thf'na,  Juan  del,  Spanish 
dramatist:  b.  La  Encina,  Spain.  1469;  d.  there 
1534.  Little  is  known  of  his  life;  the  probable 
facts  are  that  he  was  educated  at  Salamanca, 
and  in  1492  became  a  member  of  the  household 
of  the  Duke  of  Alba,  under  whose  patronage  he 
began  to  write  his  plays.  He  was  appointed 
maestro  di  cappclla  to  Leo  X  at  Rome,  took  or- 
ders and  was  ordained  prior  at  Le6n.  His  first 
volume  of  poems,  'The  Song- Book,*  contained 
also  a  dissertation  on  'The  Art  of  Castillian 
Poesy.'  His  lyrics  are  full  of  charm  and  lively 
wit.  He  wrote  14  dramas,  eight  of  which  are 
shepherd-plays  or  eclogues ;  the  rest  are  pieces 
for  church  holy  seasons.  It  is  to  the  former  that 
he  owes  his  position  in  Spanish  literature,  for 
these  homely  scenes  were  the  first  secular  plays 
in  Spain.  He  made  the  Jerusalem  pilgrimage, 
and  described  it  in  the  poem  'Tnbagia;  or, 
the  Sacred  Way  of  Jerusalem  *  (1521).  He 
has  been  styled  *The  father  of  the  Spanish 
drama*  His  dramatic  works  were  edited  by 
Asenjo  Barbieri,  in  'Teatro  Completo'  (Ma- 
drid 1893)  ;  his  lyrics  by  Francisco  Asenjo  Bar- 
bieri in  'Cancioncro  musical  de  los  siglos  XV 
y  XVI »  (Madrid  1894).  Consult  Diaz  Jimenez 
y  Molleda  'Juan  del  Encina  en  Le6n>  (Madrid 
1909). 

ENCISO,   en-rhe'so,   Martin  Fernande* 

de,  Spanish  geographer :  b.  Seville,  about  1470; 
d.  after  1528.  He  came  to  America  in  1500: 
practised  law  in  Santo  Domingo  and  supplied 
funds  to  Alonso  de  Ojeda  for  the  colonization 
of  Tierra  Firmc,  the  region  about  the  Isthmus 
1509.  Encisco  followed  in  1510  and  founded 
the  city  Santa  Maria  la  Antiqua  del  Darien. 
His  soldiers  revolting,  he  was  arrested  by  Vasco 
Nunez  de  Balboa,  and  went  to  Spain,  returning 
to  Darien  1514  as  alcalde,  and  opposing  Balboa 


till  the  latter' s  unjust  execution  by  Pedrarias 
Davila  at  Darien  1517.  He  was  the  author  of 
'Suma  de  Geographia,  que  trata  de  todas  las 
pallidas  del  mundo,'  the  first  Spanish  descrip- 
tion of  America  which  touched  upon  the  dif- 
ference in  level  of  the  two  oceans. 

ENCKE,  eng'ke,  Erdmann,  German  sculp- 
tor: b.  Berlin,  20  Jan.  1843;  d.  1896.  He  was  a 
pupil  of  the  Berlin  Academy  and  of  Albert 
Wolff,  his  first  piece  being  a  group  entitled  (A 
German  Struggling  With  Two  Gauls.'  He 
took  a  prize  for  the  statue  of  Jahn  in  1872,  and 
was  made  professor  at  the  Berlin  Academy  in 
1883.  His  art  was  related  to  the  school  of 
Rauch,  his  temperament  being  at  the  same  time 
realistic  and  poetical.  Among  his  prominent 
works  are  a  statue  of  the  Great  Elector,  Fred- 
erick I  of  Brandenburg  (Town  Hall,  Berlin)  ; 
a  colossal  statue  of  Queen  Louise  of  Prussia 
(Thicrgarten,  Berlin)  ;  and  the  sarcophagi  of 
Emperor  William  I  and  Empress  Augusta  in 
the  mausoleum  at  Charlottenburg. 

ENCKE,  Johann  Franc,  German  astrono- 
mer :  b.  Hamburg  23  Sept.  1791 ;  d.  Spandau, 
26  Aug.  1865.  He  studied  under  the  astrono- 
mer Gauss,  at  Gdttingcn ;  during  the  war  of 
liberation  (1813-15)  served  as  artillerist  in  the 
German  army,  and  on  the  conclusion  of  peace 
was  appointed  assistant  in  the  observatory  of 
Scebcrg,  near  Gotha.  Here  he  calculated  the 
orbit  of  the  comet  observed  by  Mechain,  in 
1786,  by  Miss  Hcrschcl  in  1795,  and  by  Pons 
in  1805-18.  He  predicted  its  return  in  1822- 
25-28,  and  with  each  reappearance  more  data 
were  afforded  for  computing  its  exact  orbit, 
which,  it  was  calculated,  required  three  and  a 
quarter  years  to  complete.  By  comparison  of 
the  times  of  its  earlier  and  later  appearances, 
Encke  was  subsequently  led  to  detect  a  gradual 
acceleration  of  its  movement,  amounting  to 
about  two  and  a  half  hours  on  each  revolution. 
This  acceleration  he  ascribed  to  a  resisting  me- 
dium, which  sensibly  affects  the  body  of  the 
extreme  rarity  of  this  comet,  which  is  trans- 
parent to  its  centre.  The  fame  of  his  two  pub- 
lications 'Die  Entfernung  der  Sonne'  (1822), 
and  <Der  Venusdurchgang  von  1769'  (1824),  led 
to  his  appointment  as  director  of  the  observa- 
tory of  Berlin  (1825),  a  position  which  he  held 
till  his  death.  Many  of  his  works  are  contained 
in  the  'Astronomische  Jahrbiicher'  (183CM66), 
a  publication  during  these  years  issued  under 
his  direction.  His  various  scientific  publica- 
tions were  collected  and  published  as  'Gesam- 
mclte  mathematische  una  astronomische  Ab- 
handlungen'  (3  vols  Berlin  1889)  ;  and  'As- 
tronomische Abhandlungcn'  (3  vols.,  Berlin 
1868). 

ENCLOSURE,  or  conventual  seclusion  of 
nuns  who  have  taken  solemn  lifetime  vows,  is 
guarded  very  strictly  by  the  laws  of  the  Roman 
Catholic  Church.  The  conventional  seclusion 
of  monks  is  less  strict,  the  prohibition  of  con- 
verse with  the  outer  world  being  in  their  case 
limited  to  the  exclusion  of  women  from  the 
interior  of  the  monasteries  and  rigid  rules  on 
the  observance  of  silence.  The  Council  of 
Trent  forbids  nuns  to  leave  their  convents,  even 
for  a  short  time,  on  any  account  whatever  save 
for  a  legitimate  cause  —  a  cause  specified  in  the 
law  —  with  the  approval  of  the  local  bishop. 
And  no  person  from  outside,  male  or  female, 
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young  or  old,  high  or  low,  lay  or  clerical,  is  to 
be  admitted  within  the  clausura  of  a  nunnery 
unless  with  leave  in  writing  from  the  bishop  or 
superior.  By  violation  of  this  rule  excommuni- 
cation is  incurred  ipso-facto.  These  rules, 
however,  apply  to  regularly  cloistered  nuns,  who 
take  solemn  life-vows  of  detachment  from  the 
world:  they  do  not  apply  to  the  houses  or  con- 
vents of  religious  women  whose  work  brings 
them  in  contact  with  the  outside  world,  such  as 
Sisters  of  Charity,  of  Mercy,  Little  Sisters  of 
the  Poor  and  the  like.  In  such  religious  insti- 
tutes the  spirit  of  the  Tridentine  law  governs, 
not  the  letter. 

ENCRATITES,  en-kra'tl-tcs  (continentcs, 
abstainers),  a  Gnostic  sect  of  the  2d  century, 
disciples  of  Tatianus,  who  was  himself  a  dis- 
ciple of  Justin  Martyr,  and,  like  him,  author  of 
an  Apologia  on  behalf  of  Christian  believers. 
Tatianus  held  that  the  material  world  is  essen- 
tially evil,  proceeding  from  the  evil  principle. 
For  him  marriage  was  sinful  and  animal  food 
an  abomination ;  he  employed  water  instead  of 
wine  in  the  eucharistic  rite. 

ENCRINITES,  en-kri-nftez,  a  division  of 
fossil  crinoids  or  so-called  "stone-lilies*  distin- 
guished from  the  more  common  forms  with 
angular  stems  (pentacrinites)  by  having  stems 
whose  cross  section  was  circular  or  oval.  The 
Derbyshire  "birdscyc"  marble  is  noted  for  the 
vast  numbers  of  encrinital  remains  it  contains, 
the  silicon  skeletons  appearing  in  the  polished 
stone  as  if  in  relief.   See  Crinoid. 

ENCYCLICAL  {liter*  encyclic*),  a  cir- 
cular letter.  The  word  used  in  an  ecclesiastical 
sense  means  a  letter  addressed  by  the  Pope  to 
all  the  bishops  in  the  world  who  are  in  com- 
munion with  him,  in  which  he  condemns  errors 
prevalent  in  the  world,  or  explains  the  line  of 
conduct  which  Christians  ought  to  take  in  ref- 
erence to  practical  questions  pertaining  to  faith 
and  morals.  Pius  IX  was  the  author  of  a  re- 
nowned encyclical  which  noted  80  prime  errors 
in  current  thought  Leo  XIII  issued  a  large 
number  of  encyclicals  on  such  questions  as, 
rights  of  labor,  education,  marriage,  Bible 
study,  etc.,  and  Pius  X  in  1907  condemned 
certain  trends  of  modern  thought  and  actions. 
An  encyclical  differs  from  a  bull  or  brief,  in 
that  the  encyclical  is  to  the  bishops  of  the  whole 
world,  treats  of  matter  of  universal  interest 
and  is  of  concern  to  the  entire  Church.  A  bull 
or  brief  is  determined  by  circumstances,  is  of 
a  special  nature  and  may  be  of  particular  value 
only  to  some  locality.  There  is  a  difference  in 
the  form  of  an  encyclical  from  that  of  a  bull  or 
brief. —  that  is,  in  the  seals  used,  the  signatures 
and  the  introductory  words. 

ENCYCLOPEDIA,  CYCLOPEDIA,  or 
CYCLOPEDIA.  This  word,  formed  from 
the  Greek  cn,  in,  kuklos,  a  circle,  and  poideia, 
instruction,  but  not  a  native  Greek  compound, 
originally  denoted  the  whole  circle  of  the  vari- 
ous branches  of  knowledge  which  were  compre- 
hended by  the  ancients  in  a  liberal  education 
(the  artes  liberates  of  the  Romans).  The  dis- 
tinction between  the  words  encydopxdia  and 
cyclopaedia  is  almost  too  trifling  to  be  compre- 
hended. At  a  later  period  the  word  was  ap- 
plied to  every  systematic  view,  cither  of  the 
whole  extent  of  human  knowledge  or  of  par- 
ticular depattments  of  it.    The  want  of  such 


general  surveys  was  early  felt;  and  as  knowl- 
edge increased  they  became  still  more  desirable, 
partly  for  the  purpose  of  having  a  systematic 
arrangement  of  the  sciences  in  their  mutual  re- 
lations, partly  for  the  readier  finding  of  particu- 
lar subjects;  and,  for  these  two  reasons,  such 
works  were  sometimes  philosophically,  some- 
times alphabetically,  arranged.  The  spirit  of 
compiling,  which  prevailed  in  the  Alexandrian 
School,  soon  led  to  attempts  remotely  allied  to 
this,  and  Varro  and  Pliny  the  Elder,  among 
the  Romans,  composed  works  of  a  similar  kind. 

The  honor  of  undertaking  encyclopaedias  on 
a  regular  plan  belongs  to  the  Middle  Ages, 
which  produced  not  only  a  large  number  of 
cyclopaedias  of  particular  sciences,  called  Sum- 
ma  or  Specula  (for  example,  the  '  Sum  ma  The- 
ologix>  of  Thomas  Aquinas),  but  also  a  Uni- 
versal Encyclopaedia,  such  as  had  never  been 
seen  before.  The  indefatigable  Dominican, 
Vincent  of  Beauvais,  about  the  middle  of  the 
13th  century,  exhibited  the  whole  sum  of  the 
knowledge  of  the  Middle  Ages  in  a  work  —  or 
rather  three  works  —  of  considerable  size  —  a 
real  treasure  to  the  inquirer  into  #the  literary 
history  of  the  Middle  Ages.  An  'exceedingly 
popular  work  was  the  'De  Proprietatibus 
Kerum'  of  Bartholomeus  de  Glanvilla,  an  Eng- 
lish Franciscan  friar,  which  maintained  its  repu- 
tation from  the  year  1360  to  the  middle  of  the 
16th  century.  In  the  17th  century  various  en- 
cyclopaedic works  were  compiled,  such  as  the 
Latin  one  of  John  Henry  Alsted,  '  Encyclopaedia 
vii  Tomis  distincta*  (Herborn  1620),  a  work 
in  which  the  subjects  are  divided  into  7  classes, 
and  treated  in  35  books.  In  1674  appeared  the 
first  edition  of  Moreri's  (Le  Grand  Dictionnaire 
Historique.'  In  1677  John  Jacob  Hoffman  pub- 
lished at  Basel  his  •Lexicon  Universale,'  the 
first  work  of  the  kind  in  which  a  summary  of 
art  and  science  was  presented  in  dictionary 
form.  In  1697  appeared  Bayle's  famous  'Dic- 
tionnaire Historique  et  Critique*  (Rotterdam,  4 
vols.),  a  work  which  is  still  of  great  value. 
Among  the  greatest  works  of  earlier  date  would 
have  been  reckoned  the  'Biblioteca  Universale* 
of  Coronclli,  had  it  been  completed  according 
to  the  original  plan.  It  was  to  have  appeared 
in  45  folio  volumes,  of  which  only  seven  were 
published  (Venice  1701-06).  More  successful, 
especially  in  being  brought  to  a  completion,  was 
the  'Grosses  vollstandiges  Universallexicon  aller 
Wissenschaftcn  und  Kunste'  (Grand  Universal 
Lexicon  of  all  the  Arts  and  Sciences),  com- 
monly called  Zedler's,  from  the  person,  a  book- 
seller, who  conducted  it  (Halle  and  Leipzig 
1732-50,  64  vols.;  Supplement  1751-54,  4  vols, 
folio).  It  has,  on  the  whole,  much  merit.  Lives 
of  living  men  were  included  after  volume 
XVIII. 

The  transition  from  the  ancient  type  to  the 
modern  occurred  about  the  middle  of  the  17th 
century  and  originated  in  the  desire  to  make 
books  of  this  kind  more  easy  of  consultation. 
This  changed  the  arrangement  of  the  material 
by  classified  subjects  to  its  alphabetical  arrange- 
ment by  key  words,  names  or  special  topics. 
The  encyclopaedia  thus  approached  and  was  as- 
similated to  the  dictionary.  The  change  was  not 
confined  to  the  form,  for  the  alphabetical  ar- 
rangement inevitably  led  to  a  change  in  the 
purpose  and  character  of  encyclopaedic  compila- 
tion, viz.,  that  from  the  exposition  of  the  system 
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of  human  knowledge  to  the  mechanical  arrange- 
ment of  its  contents.  In  this  line  of  its  develop- 
ment the  encyclopaedia  became  a  work  of 
reference  in  the  strict  sense  of  that  word  —  a 
work  for  occasional  use,  in  which  any  particular 
topic  or  item  of  information  desired  can  be 
found  under  the  proper  word  in  an  alphabetical 
vocabulary.  This  practical  aim  and  this  method 
have,  however,  been  adopted  by  modern  encyclo- 
paedists in  varying  degrees.  On  the  one  hand, 
there  has  been  a  tendency  to  approach  more 
and  more  closely  to  the  dictionary  type  by  in- 
creasing the  number  and  variety  of  the  vocabu- 
lary words,  and  correspondingly  subdividing  the 
material  contained  in  the  book;  and,  on  the 
other,  a  tendency  (traceable  to  the  ancient  sys- 
tematic type)  to  restrict  the  vocabulary  and 
combine  the  material  as  much  as  possible  under 
comprehensive  titles.  In  its  extreme  form  the 
former  tendency  has  given  rise  to  the  modern 
Encyclopaedic  dictionary,*  and  the  latter  to  en- 
cyclopaedias which  are'  little  or  nothing  but 
aggregations  of  monographs. 

In  practice,  however,  encyclopaedia  makers 
incline  more  and  more  toward  the  adoption  of 
the  dictionary  type,  as  better  suited  to  the  prac- 
tical needs  of  scientific  and  literary  workers 
and  as,  in  fact,  essential  to  the  adequate  presen- 
tation of  the  vast  accumulations  of  modern 
science,  history  and  biography.  An  important 
characteristic  of  modern  methods  is  the  em- 
ployment of  a  large  corps  of  specialists,  both  as 
compilers  and  as  editors.  In  general  it  may  be 
said  that  no  good  general  encyclopaedia  is  now 
possible  which  does  not  include  in  its  editorial 
staff  a  small  army  of  men  of  science,  historians, 
theologians,  lawyers,  and  so  on.  The  aim  is  to 
collect  at  first  hand  the  special  knowledge  of 
the  time  and  to  present  it  in  a  manner  that  is 
acceptable  to  specialists.  Lastly,  the  use  of  pic- 
torial illustrations  —  plates  and  diagrams  and 
pictures  in  the  text,  which  found  a  place  in 
encyclopaedias  at  an  early  date  —  has  been  ex- 
tended and  their  quality  improved. 

The  first  encyclopaedia  written  in  English 
and  with  the  articles  alphabetically  arranged 
was  the  'Lexicon  Technicum,'  or  a  "Universal 
English  Dictionary  of  Arts  and  Sciences'  (Lon- 
don 1704,  1  vol.  folio),  by  John  Harris,  a  Lon- 
don clergyman.  This  was  a  useful  and  popular 
work,  though  it  omitted  from  its  scope  theology, 
biography,  antiquity  and  poetry.  It  was  re- 
printed in  1708  and  a  second  volume  was  added 
in  1710.  Among  other  important  encyclopaedic 
works  in  English  the  following  may  be  men- 
tioned: Ephraim  Chamber's  'Cyclopaedia';  or 
a  'Universal  Dictionary  of  Arts  and  Sciences' 
—  a  work  published  in  1728,  in  two  volumes 
folio.  A  second  and  improved  edition  came 
out  in  1738.  Latterly  it  was  revised  and  en- 
larged by  Abraham  Recs,  in  which  form  it  was 
several  times  reprinted,  being  finally  known  as 
'Rees'  Cyclopaedia,  *  and  published  in  a  number 
of  volumes.  Then  was  published  the  'Encyclo- 
paedia Britannica.'  Of  this  there  have  been 
11  editions.  The  first  edition  was  completed  in 
1771,  in  three  volumes  and  the  11th  edition  was 
completed  in  1910-11  in  29  volumes  and  an  index 
volume.  The  'Edinburgh  Encyclopaedia*  (1810- 
30,  18  vols.)  was  devoted  particularly'  to  the 
sciences  and  technology  and  was  conducted  by 
Sir  David  Brewster.  The  'Encyclopaedia  Mct- 
ropolitana'  (London,  begun  1815,  completed 
1845,  in  25  vols.,  was  published  in  four  divi- 


sions,  according  to  a  plan  devised  by  the  poet 
Coleridge).  The  'London  Encyclopaedia,'  by 
Thomas  Curtis  (22  vols.)  and  the  'Penny  Cy- 
clopaedia' (29  vols.),  appeared  in  1833-4o. 
Chambers'  'Encyclopaedia'  (in  10  vols.)  was 
published  in  1860  and  a  new  edition  appeared 
in  1902. 

During  the  19th  century,  the  various  branches 
of  science  and  technology,  history,  biography, 
theology,  commerce,  politics,  law,  the  fine  arts, 
etc.,  are  all  admirably  represented  in  special 
works;  the  growth  of  the  special  encyclopaedia 
having  kept  pace  with  the  advance  of  knowl- 
edge and  of  industry.  Among  the  most  import- 
ant are  the  encyclopaedias  of  biography.  Some 
excellent  examples  of  the  special  encyclopaedia 
date  from  the  17th  and  18th  centuries;  but  those 
produced  in  the  19th  century  arc  much  more 
numerous  and,  in  several  cases,  far  more  com- 
prehensive. The  most  notable  of  these  later 
biographical  works  arc  the  'Biographic  uni- 
versale anciennc  et  modcrne'  (85  vols.,  1811-62, 
including  supplement ;  2d  ed.,  45  vols..  1842-65) 
of  Joseph  and  Louis  Gabriel  Michaud;  and  the 
'Dictionary  of  National  Biography'  (66  vols., 
1st  supplement,  3  vols.,  1885-1901;  2d  supple- 
ment, 3  vols.,  1901-11;  republished  in  22  vols., 
1913). 

In  the  United  States  an  earlv  work  in  the 
general  field  was  the  'Encyclopaedia  Ameri- 
cana,' edited  by  Francis  Lieber  and  published 
1st  ed.,  13  vols.,  1829.  'The  American  Cyclo- 
paedia,' edited  by  George  Ripley  and  Charles  A. 
Dana,  appeared  in  1858-76  in  16  volumes.  The 
publishers  of  this  work  have  since  1861  pub- 
lished the  'American  Annual  Cyclopaedia,'  de- 
signed to  record  the  progress  of  science  and  the 
arts,  and  the  world's  history  from  year  to  year, 
and  to  serve  as  supplements  to  the  'American 
Cyclopaedia.'  It  is  in  the  same  form  as  that 
work,  octavo,  and  comprises  about  800  pages 
per  volume.  'Johnson's  New  Universal  Cyclo- 
paedia' first  appeared  in  1874-77,  in  four  im- 
perial octavo  volumes.  It  was  especially  strong 
in  the  departments  of  natural  science  —  phys- 
ics, chemistry,  mechanics,  etc. —  and  American 
gazetteer  matter.  In  its  later  form,  'John- 
son's Universal  Cyclopaedia'  (1893-95,  8  vols.), 
with  a  change  of  publishers,  the  work  was  thor- 
oughly revised,  bv  a  corps  of  36  editors,  under 
the  direction  of  Charles  Kendall  Adams.  Then 
followed  'The  International  Cyclopaedia'  (New 
York  1884),  which  was  succeeded  by 'The  New 
International  Encyclopaedia'  in  2X)  volumes 
(1902  ;  2d  ed.,  24  vols.,  1914),  and  later  by  the 
'Encyclopedia  Americana'  (1st  ed.,  16  vols., 
1903  ;  2d  ed,  20  vols.,  1906;  3d  ed.,  22  vols 
1910;  new  and  enlarged  edition,  revised 
throughout,  30  vols.,  1918). 

Of  the  French  cyclopaedias  the  most  famous 
is  the  great  'Encyclopedic,  ou  Dictionnaire  Rai- 
sonne  des  Sciences,  des  Arts,  et  des  Metiers,' 
by  Diderot  and  D'Alcmbert.  This  was  pub- 
lished in  35  volumes  1751-80.  Not  only  infor- 
mation was  given  in  these  volumes,  but  opin- 
ions of  the  most  radical  character,  hostile  to 
the  Church,  subversive  of  religion,  intensely 
antagonistic  toward  everything  in  the  old  order 
of  things.  The  clergv  and  the  court  had  fought 
the  work,  had  even  broken  into  it  with  altera- 
tions secretly  made  at  the  printers',  and  left  no 
stone  unturned  to  prevent  its  circulation.  Yet 
Europe  was  filled  with  it  and  shaken  with  the 
effects  of  it.  It  was  an  immense  burst  of  evcry- 
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thing  which  journalism  to-day  means;  a  fierce 
prophecy  of  changes  which  are  still  pending;  a 
wild  proclamation  of  the  problems  of  human 
aspiration  and  desire.  Not  only  were  the 
sciences  pushed  to  the  utmost  by  Diderot,  but 
he  made  industry,  labor,  human  toil  in  the  shop, 
an  interest  unceasingly  cherished.  It  was  an 
explosion  heralding  the  Revolution  a  quarter 
of  a  century  later.  Still  more  comprehensive 
is  the  'Encyclopedic  Methodique,  ou  par  Ordre 
des  Matieres'  (Paris  1781-1832,  in  166«/a  vols.), 
an  aggregate  of  dictionaries  rather  than  a  sin- 
gle work.  The  French  have  also  the  'Encyclo- 
pedic Modcrnc,'  begun  in  1824,  finished  in  1832, 
26  volumes,  and  subsequently  republished;  the 
'Encyclopedic  des  Gens  du  Monde'  (1835-44), 
22  volumes;  Larousse's  more  recent  and  valu- 
able 'Grand  Dictionnairc  Univcrscl  du  XIX 
Siecle,'  16  volumes  folio  (with  two  supple- 
mentary volumes) ;  'La  Grande  Encyclopedic,' 
an  extensive  and  excellent  work  which  was 
completed  in  1903,  and  'Dictionnaire  encyclo- 
pedique  univcrscl,  illustre  de  20,000  figures,' 
edited  by  E.  Flammarion  and  begun  in  1895. 
Of  works  published  in  Germany  the  most  fa- 
mous is  'Brockhaus'  Conversations-Lcxikon,' 
now  in  its  14th  edition.  It  is  equaled,  if  not 
surpassed,  by  the  similar  work  of  Meyer.  The 
huge  'Allgemcinc  Encyklopadie  dcr  Wisscn- 
schaften  und  Kiinste,'  originally  edited  by 
Profs.  J.  S.  Ersch  and  J.  G.  Grubcr,  begun 
1818,  is  not  yet  completed.  To  1916  168  volumes 
have  been  issued.  Three  sections  of  the  alpha- 
bet arc  carried  on  simultaneously.  Other  Ger- 
man encyclopaedias  deserving  mention  arc 
those  of  Pierer  and  Spamcr. 

In  Italian,  the  'Nuova  Enciclopcdia  popo- 
lare'  (14  vols.,  Turin.  1841-51)  ;  the  'Diziona- 
rio  universale  di  scienze,  lettere  ed  arti' 
(Milan  1874),  by  Lessona  and  Valle;  the  'En- 
ciclopcdia popolare  italiana'  (ib.  1872),  ed- 
ited by  Giovanni  Bern,  and  'Nuova  enciclopc- 
dia italiana'  (25  vols.,  Turin  1875-88),  are  the 
principal.  In  Spanish  Mcllando  published  the 
'Enciclopcdia  moderna'  (34  vols.,  with  an 
atlas)  at  Madrid  in  1848-51.   Another  Spanish 
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ario  enciclopedico  Hispano-Americano  de  lit- 
erature, ciencias,  y  artcs'  (25  vols.,  Barcelona 
1887-99)  ;  the  greatest  of  all  such  works  in 
Spanish  is  the  new  'Enciclopcdia  Segui.'  begun 
at  Barcelona  in  1907  and  of  which  nine  vol- 
umes had  appeared  up  to  1916.  The  'Diccion- 
ario  popular  historico,  geographico,  mytholog- 
ico,  etc.'  (16  vols.,  Lisbon  187o-90),  by  Chaga; 
'Diccionario  universal  portuguez  illustrado,'  by 
Zcforina,  arc  the  standard  works  in  Portu- 
guese. Other  works  deserving  of  notice  are 
Salmonscn's  'Store  illustrcrcdc  Konversations- 
lcksikon'  (19  vols.,  Copenhagen  1891-1911)  in 
Danish;  the  'Geillustrccrde  encyclopedic: 
woordenbock  for  wetenschap  en  kunst'  (2d  ed., 
16  vols.,  Rotterdam  1884-88)  ;  'Nordisk  Fam- 
ilyebok'  (Stockholm  1904-  15  vols,  to  1011)  ; 
'  Entisiklopeditchcsky  Slovar'  (41  vols.,  Petro- 
Rrad  1890-1904)  and  '  Encyclopedya  Pows- 
zeehna,  etc'  (16  vols.,  Warsaw  1898-1904). 

The  rapid  advancement  of  the  sciences  and 
arts  and  the  proportionately  rapid  communica- 
tion between  all  civilized  nations,  have  made  a 
general  acquaintance  with  many  different 
branches  uf  knowledge  more  necessary  than 
ever  before.  This  is  one  of  the  chief  causes 
which  have  produced  in  our  time  so  many  en- 


cyclopaedias of  various  kinds,  some  very 
learned  and  others  more  adapted  for  the  gen- 
eral reader-  some  embracing  all  the  sciences 
and  arts,  others  only  single  branches. 

END-BRAIN,  a  name  given  to  the  front 
part  of  the  brain,  which  corresponds  to  the 
fore-brain  or  telencephalon.    Sec  Brain. 

END-ORGANS,  important  nerve-struc- 
tures specially  designed  for  particular  purposes. 
Thus  the  taste-buds  in  the  mouth  and  tongue, 
the  touch-bulbs  in  the  fingers  and  the  muscle- 
plates  in  the  muscles  arc  special  forms  of  nerv- 
ous end-organs.  There  is  a  vast  variety  of 
nervous  end-organs  found  in  the  special  glands, 
such  as  the  secretory  glands  of  tlx-  skin,  of  the 
mucous  membranes,  in  the  liver,  the  spleen,  the 
kidneys,  etc. 

ENDE,  en'de',  Hermann,  German  architect : 
b.  Landsberg  1830;  <L  1907.  He  studied  at  the 
Academy  of  Architecture  at  Berlin ;  made  a 
tour  of  Europe,  during  which  he  studied  all  the 
great  models.  At  Berlin,  with  Bockmann,  he 
erected  the  Red  Palace,  Royal  York  Lodge,  the 
Bank  of  Commerce,  the  Ethnological  Museum 
and  the  buildings  of  the  Zoological  Gardens.  In 
1866  he  designed  several  public  buildings  for 
the  city  of  Tokio,  Japan,  at  the  behest  of  the 
Japanese  government.  From  1885  to  1901  he 
was  chief  professor  in  the  High  School  for 
Technical  Arts  at  Berlin.  He  was  a  member 
of  the  Berlin  Academy  of  Arts  and  honorary 
member  of  those  of  Vienna  and  Saint  Peters- 
burg. 

ENDEMAN.  en'de  man,  Wilhelm,  German 
jurist:  b.  Marburg.  Hesse,  24  April  1825.  He 
studied  at  Heidelberg  and  was  professor  of 
law  at  Jena  1862-66  and  at  Bonn  in  1867.  He 
was  a  member  of  the  Reichstag  1871-73.  His 
writings  on  German  commercial  law  arc  highly 
esteemed.  Among  his  works  are  'Die  Bcweis- 
lehre  des  Civilprozcsscs'  (1860)  ;  <Der  deutsche 
Civilprozess'  (1878-79);  'Die  Entwicklung  des 
Bcweisverfahrens  im  deutschen  Civilprozess* 
( 1895). 

ENDEMIC  (Gr.  *prevailing  among  the 
people*),  a  name  often  applied  to  diseases  which 
attack  the  inhabitants  of  a  particular  district  or 
country,  and  have  their  origin  in  some  local 
cause,  as  the  physical  character  of  the  place 
where  they  prevail,  or  in  the  employments,  hab- 
its and  mode  of  living  of  the  people.  Even."  part 
of  the  world,  every  climate  and  every  country 
has  its  peculiar  endemics.  Thus  the  tropical  and 
warm  climates  are  subject  to  peculiar  cutaneous 
disorders,  eruptions  of  various  kinds,  because 
the  constant  heat  keeps  up  a  strong  action  of  the 
skin.  In  northern  climates  eruptions  of  the  skin 
occur,  but  they  are  of  a  different  kind.  Thus  in 
all  the  north  polar  countries,  especially  in  Nor- 
way, a  kind  of  leprosy,  the  raaesyge,  is  preva- 
lent, arising  from  the  coldness  and  humidity  of 
the  climate,  which  dispose  the  skin  to  such  dis- 
orders. Hot  and  moist  countries  generate  the 
most  violent  typhoid  and  putrid  fevers;  the 
West  Indies  and  some  of  the  South  American 
coasts,  for  instance,  produce  the  yellow  fever. 
In  different  parts  of  the  United  States  inter- 
mittent fevers,  arising  from  local  malarial  con- 
ditions, arc  common,  as  they  are  in  countries 
generally  in  places  that  are  damp  and  not  warm, 
on  marshes  and  large  rivers,  etc.  Places  in  a 
more  dry  and  elevated  situation,  northern  coun- 
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tries  particularly,  are  peculiarly  subject  to  in- 
flammatory disorders.  In  countries  and  districts 
very  much  exposed  to  currents  of  wind,  espe- 
cially in  mountainous  places,  we  find  at  all 
seasons  of  the  year  rheumatism,  catarrhs  and 
the  whole  train  of  complaints  which  have  their 
origin  in  a  sudden  stoppage  of  the  functions  of 
the  skin.  In  large  and  populous  towns  we  meet 
with  the  most  numerous  instances  of  pulmonary 
consumption.  In  cold  and  damp  countries  like 
England,  Sweden  and  Holland  the  most  frequent 
cases  of  croup  occur. 

Diseases  which  are  endemic  in  one  country 
may  also  appear  in  others  and  become  epidemic 
if  the  weather  and  other  physical  influences  re- 
semble those  which  are  the  causes  of  the  en- 
demic in  the  former  place ;  the  climate  being  for 
a  time  transferred,  as  it  were,  from  one  to  the 
other.  Endemic  disorders  in  some  circumstances 
become  contagious,  and  thereby  spread  to  other 
persons,  and  may  be  transplanted  to  other 
places,  the  situation  and  circumstances  of  which 
predispose  them  to  receive  these  disorders.  This 
is  known  by  the  migrations  of  diseases,  the 
spreading  of  leprosy  from  Oriental  countries  to 
Europe,  and  the  like. 

It  is  favorable  to  the  cure  of  obstinate  dis- 
orders for  the  invalid  to  remove  to  a  climate 
where  his  particular  complaint  is  rare.  Thus  it 
is  customary  for  people  attacked  with  pulmonary 
complaints  to  remove  to  localities  where  the 
air  is  pure  and  dry  and  sunshine  abundant.  So 
it  is  of  advantage  to  the  consumptive  to  ex- 
change unwholesome  city  air  for  pure  air  in  the 
country.  Modern  sanitation  is  learning  to  deal 
with  conditions  which,  alike  in  populous  and 
sparsely  peopled  places,  have  hitherto  bred  dis- 
eases; so  that  immunity  from  fatal  disorders 
may  be  said  to  show  the  good  results  of  sanitary 
science,  as  do  also  the  improved  statistics  of 
longevity. 

ENDER,  Edtiard,  Austrian  painter:  b. 
Vienna  1824.  He  is  the  son  of  Johann  Ender 
(q.v.)  and  is  noted  alike  for  his  historical  and 
genre  works,  among  which  are  'Francis  I  in  the 
Studio  of  Cellini' ;  'Shakespeare  Reading  "Mac- 
beth* before  the  Court  of  Elizabeth* ;  'La  Cor- 
beille  de  Manage';  and  'A  Game  of  Chess.' 

ENDER,  Johann,  Austrian  artist:  b.  Vi- 
enna. 4  Nov.  1793;  d.  16  March  1854.  As  a 
portrait  painter  he  was  successful  at  an  early 
age.  In  1818-19  he  made  a  tour  of  Italy,  Turkey 
and  Greece,  remaining  in  Rome  1820-26.  Upon 
his  return  to  Venice  he  devoted  his  attention  to 
miniature  and  historical  paintings,  being  pro- 
fessor at  the  Academy  from  1829  to  1850. 
Among  his  works  are  'Madonna  with  Slumber- 
ing Christ-Child'  (Vienna  Museum);  'Marcus 
Aurelius  on  His  Death  Bed'  (1814.  Esterhazy 
Gallery)  ;  his  masterpiece,  'The  Crucifixion'  (a 
fresco  in  the  Vienna  Cathedral)  ;  'Orestes  Pur- 
sued by  the  Furies'  (1815)  ;  'Minerva  Showing 
Ithaca  to  Ulysses'  (1816);  'Assumption'; 
'Sleeping  at  Christ's  Sepulchre'  (1817);  <  lu- 
dith';  'Bacchus  Finding  Ariadne';  and  many 
portraits. 

ENDER,  Thomas,  Austrian  artist:  b.  Vi- 
enna. 4  Nov.  1793;  d.  there.  28  Sept.  1875.  He 
was  twin  brother  of  Johann  Ender  (q.v.).  He 
also  studied  at  the  Vienna  Academy,  becoming  a 
noted  landscape  painter.  He  won  the  grand 
prize  at  the  Vienna  Academy  1816.  Going  to 
Brazil  in  1817,  he  brought  back  nearly  a  thou- 


sand drawings  and  water  colors.  He  visited 
Italy,  Palestine,  Greece  and  Paris.  In  1836  he 
became  corrector  and  later  professor  at  the 
Vienna  Academy,  filling  that  chair  until  1849. 
Among  his  works  are  'View  of  Grossglockner' ; 
'Castle  Tyrol';  'Coast  of  Sorento' ;  'View  of 
Rio  dc  Janeiro'  (Vienna  Academy)  ;  Chapel  in 
the  Woods>  (National  Gallery,  Berlin). 

ENDERBY  LAND,  a  region  in  lat.  65°  57' 
S.,  long.  47°  20*  E.,  named  by  John  Briscoe  in 
1831,  when  on  a  whaling  voyage,  in  honor  of  his 
employer,  Samuel  Endcrby.  Briscoe  could  not 
approach  within  20  or  30  miles,  and  was  unable 
to  say  whether  it  was  an  island  or  a  strip  of 
continental  coast.  It  was  first  discovered  by 
Dirk  Gherritoz,  in  1599,  and  named  for  him. 

ENDERMIC,  a  term  designating  a  form 
of  medication  once  much  in  vogue,  but  now  al- 
most abandoned,  consisting  in  raising  a  blister 
upon  the  affected  part  and  applying  to  the  raw 
surface  the  remedy  to  be  absorbed.  It  has  been 
superseded  by  the  hypodermic  method.  See 
Hypodermic  Injection. 

ENDICOTT,  Charles  Moses  ("Junius 
Americanus").  American  historical  writer:  b. 
Danvers,  Mass.,  1793;  d.  Northampton,  Mass., 
1863.  He  contributed  to  the  'New  England 
Historical  and  Genealogical  Register'  and  to 
the  Boston  Gazette.  He  wrote  a  'Life  of  John 
Endicott';  'The  Persian  Poet,  a  Tragedy'; 
'Essays  on  the  Rights  and  Duties  of  Nations' ; 
and  *Th  ree  Orations. ' 

ENDICOTT,  John,  American  colonial  gov- 
ernor: b.  Dorchester,  England,  1589;  d.  Boston, 
Mass.,  15  March  1665.  He  was  sent  out  to  this 
country  by  the  "Massachusetts  Company19  to 
carry  on  the  plantation  at  Naumkeag.  or  Salem, 
where  he  arrived  6  Sept.  1628.  In  April  1629  he 
was  chosen  governor  of  "London's  plantation1*; 
but  in  August  it  was  determined  to  transfer  the 
charter  of  the  colony  to  New  England,  and 
Winthrop  was  appointed  governor.  Endicott 
was  deputy-governor  of  the  Massachusetts 
colony  1641-44,  in  1650  and  1654;  and  was  gov- 
ernor in  1644  and  1649,  1651-54  and  1655-65. 
He  was  bold  and  energetic,  a  sincere  and  zeal- 
ous Puritan,  rigid  in  his  principles  and  severe 
in  the  execution  of  the  laws  against  those  who 
differed  from  the  religion  of  the  colony.  So 
averse  was  he  to  everything  like  popery  that  he 
cut  out  the  cross  from  the  military  standard. 
He  was  opposed  to  lorif?  hair,  insisted  that  the 
women  should  wear  veils  in  public  assemblies 
and  did  all  in  his  power  to  establish  what  he 
deemed  a  pure  Church.  In  1659,  during  his  ad- 
ministration, four  Quakers  were  put  to  death  in 
Boston.  Consult  Endicott,  C.  M.,  'Memoir  of 
John  Endicott'  (Salem  1847). 

ENDICOTT,  Mordecai  Thomas,  Ameri- 
can naval  officer:  b.  May's  Landing,  N.  I.,  22 
Nov.  1844.  He  was  graduated  at  the  Rensselaer 
Polytechnic  Institute  in  1868;  practised  as  civil 
engineer  from  1868  until  appointed  civil  engineer 
in  the  United  States  navy  in  1874.  He  served 
as  consulting  engineer  at  various  navy  yards 
and  in  the  Navy  Department  at  Washington.  In 
1895  he  was  appointed  member  of  the  Nicaragua 
Canal  Commission,  of  the  United  States  naval 
armor  factory  board  in  1897  and  in  1898  became 
chief  of  the  Bureau  of  Yards  and  Docks  with 
rank  of  commodore.  Later  he  was  advanced 
to  the  rank  of  rear-admiral,  and  reappointed  in 
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1902  and  1906.  In  1905  he  became  a  member  of 
the  Isthmian  Canal  Commission,  retired  in  1906, 
but  continued  upon  active  duties  until  30  June 
1909.  He  is  a  member  of  the  American  Society 
of  Civil  Engineers  and  was  its  president  in 
1911. 

ENDICOTT,    William  Crowninshield, 

American  lawyer:  b.  Salem,  Mass.,  19  Nov. 
1826;  d.  Boston,  6  May  1900;  was  a  descendant 
of  John  Endicott  (q  v.),  the  Puritan  governor 
of  Massachusetts.  He  was  graduated  at  Har- 
vard College  in  1847;  served  as  justice  of  the 
State  Supreme  Court  ( 1873-82)  ;  was  an  un- 
successful candidate  for  governor  of  Massachu- 
setts, on  the  Democratic  ticket,  in  1884;  and 
was  appointed  Secretary  of  War  in  President 
Cleveland's  Cabinet  in  1885. 

ENDIVE,  en'div  (Cichorium  endivia),  an 
annual  or  biennial  herb  of  the  natural  order 
Composite.  It  is  an  East-Indian  annual  or  bi- 
ennial, with  a  rosette  of  smooth  radical  leaves, 
more  or  less  lobed  or  cut,  blue  axillary  sessile 
flowers  and  grayish  angular  seeds.  It  has  long 
been  cultivated  as  a  salad,  for  which  use  it 
probably  ranks  in  Europe  next  to  lettuce,  but 
not  quite  so  high  in  America.  It  is  as  easily 
cultivated  as  lettuce,  but  must  be  blanched, 
either  by  loosely  tying  the  outer  leaves  up  over 
the  inner  ones  or  by  covering  the  plants  with 
large  drain-tiles  or  similar  tubes.  Of  the  nu- 
merous varieties,  those  that  naturally  are  most 
curly-leaved,  and  that  ordinarily  develop  a  white 
centre  without  blanching,  arc  the  most  esteemed. 
The  leaves  are  also  used  as  a  pot-herb  and  as 
an  ingredient  in  soups,  stews,  etc. 

ENDLESS  or  PERPETUAL  SCREW,  a 

mechanical  contrivance  consisting  of  a  screw 
the  thread  of  which  gears  into  a  toothed  wheel 
at  an  oblique  angle  corresponding  to  the  pitch 
of  the  screw.  It  derives  its  name  from  the 
endless  recurring  effect  its  thread  produces  when 
in  motion.  It  is  in  general  use  as  a  means  of 
producing  slow  motion  in  the  adjustment  of 
machines  rather  than  as  a  transmitter  of  great 
power. 

ENDLICH,  Gustav  Adolf,  American  ju- 
rist :  b.  Alsace  Township,  Berks  County,  Pa.,  29 
Jan.  1856.  He  was  educated  in  Germany  and  at 
Princeton ;  studying  law  and  being  admitted  to 
the  bar  in  1877.  He  was  elected  judge  of  the 
23d  judicial  district,  Pennsylvania,  1879,  and  re- 
elected 1899.  He  was  member  of  the  United 
States  Assay  Commission  in  1897,  and  from 
1906  to  1910  was  president  of  the  board  of  trus- 
tees of  Muhlenberg  College.  He  edited  the 
Criminal  Law  Magazine  and  Reporter  1890-94. 
He  has  published  'The  Law  of  Building  Asso- 
ciations' (1882)  ;  'The  Law  of  Affidavits  of 
Defense  in  Pennsylvania'  (1884);  Woodward's 
Decisions'  (1885);  'Commentaries  on  the  In- 
terpretation of  Statutes'  (1888);  "Rights  and 
Liabilities  of  Married  Women  in  Pennsylvania' 
(1889);  and  numerous  articles  on  legal  sub- 
jects for  periodicals. 

ENDLICHER,  cnd'ltH-er,  Stephen  Ladis- 
las,  Hungarian  botanist:  b.  Hungary,  24  lune 
1804;  d.  Vienna,  28  March  1849.  He  was  des- 
tined for  the  priesthood,  but  in  1827  began 
botanical  and  linguistic  studies.  He  became 
curator  of  the  manuscript  department  of  the 
Imperial  Library  at  Vienna  in  1828;  and  in 
1836  of  the  botanical  department  of  the  Royal 


Natural  History  Museum  there,  and  in  1840  be- 
came professor  of  botany  in  Vienna  and  di- 
rector of  the  Botanical  Garden.  Much  dis- 
turbed by  the  events  of  1848,  he  fell  into  melan- 
choly, and  in  1849  put  an  end  to  his  own  life. 
His  'Genera  Plantarum'  (1836-40)  has  had 
great  influence  on  succeeding  botanists.  His 
studies  in  Oriental  philology  are  also  important. 
Among  them  may  be  mentioned  '  Anfangsgriinde 
der  chinesischen  Grammatik'  (1845);  and  with 
Eichenfeld,  <Analecta  Grammatica'  (1837). 

ENDOCARDITIS,  inflammation  of  the 
endocardium  or  serous  membrane  lining  the 
valves  and  internal  surface  of  the  heart. 

ENDOCERAS,  en-dos'e  ras.  genus  of  fos- 
sil cephalopods,  found  in  the  Ordovician  rocks 
of  the  United  States,  Russia  and  Scandinavia. 
Many  species  have  been  uncovered ;  the  conch  is 
long,  slender  and  either  annulated  or  smooth. 
Specimens  have  been  found  in  the  Trenton 
rocks  of  New  York,  having  a  length  of  over  10 
feet.   See  Cephalopoda. 

ENDOCHROME,  the  characteristic  pig- 
ment mixture  of  diatoms.  It  is  apparently  a 
mixture  of  a  green  constituent  and  a  golden- 
brown  constituent  (diatomin).  See  Diatoma- 
ceol's  Earth. 

ENDOCRINOPATHIES.  Diseases  or 
disorders  of  growth  or  adjustment  due  to  dis- 
turbances of  the  endocrinous  glands,  or  glands 
of  internal  secretion.  The  early  mechanistic 
conceptions  concerning  the  push  that  lies  be- 
hind the  metabolism  of  the  human  body  have 
slowly  and  gradually  undergone  modification 
until  the  importance  of  a  number  of  overlooked 
structures  has  forced  itself,  almost  with 
a  whirl,  upon  the  medical  horizon.  These 
structures  are  the  endocrinous  glands.  The 
study  of  their  anatomy  and  functional  import- 
ance now  constitutes  an  enormous  specialty. 

As  early  as  1828  Parry  called  attention  to 
the  relationship  between  enlarged  thyroid  and 
increased  frequency  of  the  heart  beat  (tachy- 
cardia), since  which  time  the  works  of  Jo- 
hannes Muller,  Addison,  Gull,  Brown-Sequard, 
Marie  and  many  others  have  served  as  start- 
ing points  for  the  building  up  of  a  rich  struc- 
ture which  is  amply  recorded  in  a  score  of 
monographs.  The  chief  of  these  are  Biedl, 
'Internal  Secretions'  (bibliography  of  4,000 
titles,  1913);  Falta,  'Ductless  Glands'  (1915); 
Parhon  ct  Golstcin,  'Les  Secretions  Internes' 
(1909)  ;  Levy  and  Rothschild,  'Endocrinologic' 
(1913)  ;  Glcy,  'Les  Secretions  Internes*  (1914)  ; 
Sajous,  'Internal  Secretions';  special  articles  in 
Lcwandowsky's  'Handbuch  der  Neurologic' 
(1913),  and  Jclliffc  and  White.  'Diseases  of  the 
Nervous  System'  (2d  ed.,  1917). 

Out  of  this  prodigious  development  to  be 
found  in  the  works  just  cited  and  in  current 
medical  literature,  much  of  which  is  evanescent 
and  hastily  constructed,  a  large  amount  of  solid 
substance  remains  and  a  number  of  permanent 
acquisitions  have  been  made.  The  net  result 
has  been  to  show  much  more  essentially  than 
ever  before  the  fundamental  physicochemical 
foundations  of  biological  metabolic  processes  as 
thev  are  utilized  in  the  upkeep  of  the  animal 
machine.  The  viewpoint  has  been  attained  that 
a  marked  degree  of  chemical  interrelationship 
takes  place  between  the  different  organs  of  the 
body.   That   this   is   automatically  regulated 
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:hrough  the  vegetative  nervous  system  (the  old 
sympathetic)  chiefly,  apparently  in  some  cases, 
though  this  is  by  no  means  clear,  solely  through 
chemical  regulation.  The  disorders  of  this  ad- 
justment now  constitute  a  special  department  of 
vegetative  neurology,  and  are  most  conveniently 
grouped  under  the  terms  endocrinology,  or  the 
endoe  ri  nopath  i  es . 

In  the  earlier  period  of  the  study  of  these 
endocrinopathies  individual  disease  groups,  uni- 
glandular  syndromes,  were  isolated.  Among  the 
most  accentuated  of  these  were  Addison's  dis- 
ease, diabetes  mcllitus,  myxedema,  cretinism 
and  acromegaly;  but  of  recent  years  it  has  been 
increasingly  emphasized  that  whereas  a  certain 
group  of  symptoms,  which  may  be  linked  to 
plus  or  minus  activities  of  one  or  another 
gland  may  be  most  prominent,  nevertheless 
other  glandular  modifications  are  bound  up  in 
them  and  arc  not  to  be  neglected.  Hence  has 
arisen  the  viewpoint  that'most  of  the  endocrin- 
opathies arc,  strictly  speaking,  poly-  or  pluri- 
glandular syndromes,  that  is,  that  disease  or 
maladjustment  in  one  gland  usually  induces 
compensatory  changes  in  other  glands. 

For  many  years,  even  back  to  the  earliest 
days  of  primitive  animistic  magic,  it  has  been 
held  that  every  living  tissue  yields  a  chemical 
product  which  will  act  upon  other  tissues.  The 
earlv  alchemistic  studies,  those  of  Paracelsus, 
to  the  later  work  of  Hahnemann,  and  the  iso- 
therapists,  are  all  attempts  to  co-ordinate  a  host 
of  empirically  observed  facts.  They  are  all 
worth  rereading  if  the  reader  will  put  himself 
in  sympathy  with  them  through  a  comprehen- 
sion of  the  now  strange  symbols  then  used. 

Endocrinous  glands  for  the  present  purposes 
are  those  structures  which  yield  products 
termed  hormones  and  chalones  having  some 
definite  or  specific  action  related  to,  yet  different 
from,  enzyme  activities.  These  structures  are 
developed  from  different  embryological  forma- 
tions. The  hypophysis  (posterior  lobe)  and 
chromaffin  tissues  (suprarenal  chiefly)  are 
nervous ;  the  thyroid  and  pituitary  (anterior 
lobe)  come  from  the  buccal  cavity;  the  pan- 
creas and  mucosa  of  the  small  intestine  from 
the  intestine,  the  parathyroids  and  thymus  from 
the  branchial  arches  (old  gill  slits  of  fishes); 
the  gonads  (testes  and  ovary)  and  the  inter- 
renal  bodies  from  the  genital  ridges.  Some  of 
these,  in  humans,  merge  into  one  structure,  as 
thyroid  and  parathyroid,  as  chromaffin  and  in- 
terrenal  cells  in  the  suprarcnals,  as  hypophysis 
(posterior  lobe)  and  pituitary  (anterior  looe). 

The  present  resume^  largely  following  the 
author's  summary  in  Stedman's  'Reference 
Handbook  of  the  Medical  Sciences.^ will  attempt 
to  sketch  only  the  general  outlines  of  the 
various  uniglandular  and  pluriglandular  disease 
pictures.  The  more  radical  French  school  is 
followed,  but  at  the  same  time  attention  should 
be  called  to  the  fact  that  the  French  school 
presentations  contain  gross  fallacies,  and  should 
be  read  cum  qrano  salts.  Still  the  clinical  sug- 
gestions of  these  writers  are  so  rich  it  is  felt 
to  be  a  better  course  to  call  the  attention  of 
the  intelligent  layman  to  possible  relationships 
rather  than  to  take  the  more  conservative  atti- 
tude of  directing  attention  onlv  to  that  which 
can  indubitably  be  proved.  This  whole  sub- 
ject is  still  so  largely  empirical  that  the  prin- 
ciple of  putting  the  hypotheses  to  a  test  will  be 
found  to  be  more  advantageous  than  that  of 
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recording  only  the  obvious.  The  former  atti- 
tude may  result  in  gaining  useful  therapeutic 
truths,  the  latter  becomes  monotonous  and  fre- 
quently encourages  stupidity. 

The  more  recent  suggestive  and  extreme 
summaries  of  Biedl.  Falta,  Laignel-Lavastine, 
Levi  and  Rothschild  are  therefore  here  sum- 
marized. 

Uniglandular  Syndrome*.  Thyroid.—  Myx- 
edema.—  The  chief  symptoms  are  arrest  of 
development,  dwarfism,  infantilism,  infiltration 
of  skin  and  mucous  membranes,  mental  torpor, 
slow  ideation,  defective  memory,  apathy,  lazi- 
ness, slowness,  sleepiness,  taciturn,  awkward- 
ness. The  pulse  is  usually  small,  rapid  and 
irregular,  at  times  increased  tension.  There 
are  constipation,  diminished  urination,  hypo- 
thermia and  chilliness  of  the  skin.  Reflexes 
diminished.  The  voice  is  frequently  nasal, 
slow,  monotonous  and  raucous.  Headache  is 
frequent  and  at  times  epileptic  attacks  occur. 
These  are  all  symptoms  of  diminished  secre- 
tion. 

Exophthalmic  Goiter.  — A  more  or  less  com- 
plete catalogue  of  findings  for  a  lot  of  cases 
will  include  tachycardia,  arrhythmia,  anxiety, 
pulsations  in  the  neck,  exophthalmos,  epiphora, 
v.  Graef's,  Stcllwag's,  Mdbius'  symptoms,  facial 
paresis,  cramps,  tremors,  neuralgias,  chiefly 
frontal  and  ocular,  colic,  hot  flashes,  profuse 
sweats,  thermophobia,  engorgement  of  the  skin, 
dermographism,  transitory  edemas,  pigmenta- 
tion, urticaria,  alopecia,  diminution  of  electrical 
resistance,  albuminuria,  polyuria  or  glycosuria, 
anorexia,  bulimia,  vomiting,  otyalism,  hyper- 
chlorhydria,  diarrhoea,  dyspnoea,  amenorrhoea, 
atrophy  of  mammae,  loss  of  flesh,  agitation, 
emotional  instability,  volubility,  insomnia, 
anxiety,  excessive  anger  or  reverse,  maniacal 
excitement,  marked  depression,  cyclothymic 
variations,  confusion,  epileptic  attacks.  *Ep- 
pinger  and  Hess  have  endeavored  to  separate 
a  vagotonic  and  sympathicotonic  type. 

In  the  vagotonic  type  the  more  prominent 
signs  are  decreased  lacrymation,  less  exophthal- 
mos, with  enlargement  of  the  palpebral  fissures, 
v.  Graef's  sign,  abundant  sweating,  diarrhoea, 
mild   tachycardia,   no   alimentary  glycosuria, 

filocarpine  and  oculocardiac  reflexes  positive, 
n  the  sympathicotonic  types  there  are  exoph- 
thalmos, dryness  of  eyes,  violent  tachycardia, 
glycosuria,  oculocardiac  reflex  reversed  or  ab- 
sent, increased  reaction  to  adrenalin.  Most 
cases  are  mixed  in  type.  In  all  save  infectious 
forms  psychical  influences  are  striking  and 
psychotherapy  is  extremely  valuable  in  the 
early  stages,  less  so  in  chronic  cases.  Money 
worries  are  of  great  importance  in  the  caus- 
ation of  the  psychogenic  cases. 

Thyroid  insufficiencies,  other  than  those  of 
myxedema,  are  infantilism,  obesity,  Dercum's 
syndromes,  pseudolipomata,  alopecia,  precocious 
loss  of  hair,  scleroderma,  urticaria,  pruritus, 
recurring  herpes,  transitory  edemas,  migraine, 
asthma,  constipation,  mucous  enterocolitis, 
acrocyanosis,  Raynaud's  syndrome,  localized 
erythemas,  rhinorrhcea,  glucose  tolerance,  geni- 
tal instability,  chilliness,  mammary  hypertrophy. 

Thyroid  Instability'  (Levi  and  Rothschild). 
—  From  dyshypothyroidism :  chilliness,  bald- 
ness, headaches,  depression,  crying,  giddiness, 
passing  edemas,  neuralgic  pains  suffocations, 
shivering  hot  flushes,  at  menstrual  period.  With 
predominant  dyshyperthyroidism :  thinness,  in- 
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crease  of  eyebrow  development,  hot  flashes, 
palpitation,  intestinal  spasms,  irritability, 
emotionalism,  phobias,  inquietudes,  migraine, 
asthma,  hyperidrosis,  dvsidrosis,  tremors. 
Mixed  cases:  chilliness,  shivering,  migraine, 
frequent  urination,  neuralgic  pains,  distractable 
reddening  of  eyebrows,  catamenia;  neuralgias, 
anxiety,  dilatation  of  palpebral  fissures,  swell- 
ing of  feet,  variations  in  volume  of  the  feet, 
tremors,  nervous  crises,  hysterical  attacks. 

Parathyroids. —  Tetany. —  This  syndrome  is 
unquestionably  related  to  parathyroid  loss  or 
deficient  Parkinson's  syndrome  (  ?).  The  view- 
point of  Lundborg  and  of  Gauthier  is  that  this 
syndrome  belongs  here,  and  is  a  hypcrfunction 
disorder  but  it  rests  on  very  unstable  founda- 
tions. 

Thymus. —  Vagotonic  Symptoms  of  Base- 
dow Syndrome(f):  Profuse  sweating,  palpita- 
tion, lymphocytosis,  eosinophilia,  sensation  of 
weakness. 

Myasthenia  of  Erb-Goldflam ( ?)  :  Head- 
ache, ptosis,  external  ophthalmoplegia,  fixed  or 
transitory  palsies  principally  of  the  face,  the 
neck,  myasthenic  electrical  reaction. 

Thymus  Loss:  Idiocy  of  KJosc  and  Vogt 

Tctany(?):  Basch. 

Suprarenals. — Addison's  Syndrome  and 
Suprarenal  Insufficiency :  Asthenia,  arterial 
hypotension,  morning  nausea  and  vomiting, 
lumbar  pains,  melanoderma,  white  lines  on  the 
skin,  amyotrophy,  aboulia,  depression.  At 
hmcs  myoclonus,  epileptic  attacks,  tetany, 
'periodic  palsies,  delirium,  mental  confusion, 
sudden  death. 

Suprarenal-genital  Syndrome:  External 
feminine  pseudo-hermaphroditism  with  virile 
secondary  sexual  characters;  suprarenal  viril- 
ism ;  amenorrhea,  gynecomasty,  adiposis  with 
easy  bruising,  all  signs  of  feminine  maturity; 
hypertrophy  of  the  clitoris,  hypertrichosis  of 
masculine  type,  masculine  voice,  muscular  and 
nervous  hyperasthenia,  active  and  violent  sex- 
ual inversion;  arterial  hypertension,  arterio- 
sclerosis; glycosuria. 

Sympathetic  Paraganalia.— Chromaffinc  cells 
of  the  solar  plexus,  aortic  paraganglion  of 
Zuckcrkandl,  cardiac  paraganglion  of  Wicsel 
and  VVcisner,  Luschka  s  carotid  and  coccygeal 
glands,  tympanic  paraganglia.  The  syndromy 
of  the  affections  of  these  glands  is  entirely  ob- 
scure. 

Pancreas. —  Dial>ctcs  Mellitus :  Glycosuria, 
polyuria,  polyphagia,  polydipsia;  neuralgias, 
pruritus,  impotency,  constipation,  dry  mouth, 
dry  skin,  diminished  perspiration,  atrophy  of 
the  testicles,  abolition  of  the  tendon  reflexes, 
arterial  hypertension,  asthenia,  headache,  sus- 
ceptibility to  cold,  perforating  ulcer  of  the 
foot,  syncopies,  comatose  or  apoplectiform  at- 
tacks, paralyses,  vertigos,  asthmatic  dyspnoeas, 

Eseudoangina,  narcolepsy,  depression,  apathy, 
ypochondria  and  coma. 
Hypophysis. —  Froehlich's  Genital  Adiposity 
Syndrome:  Adiposity,  arrest  of  development  or 
regression  of  the  genital  glands  of  the  genital 
organs  and  the  corresponding  secondary  sexual 
characters ;  somnolence. 

Syndrome  of  Hypophyseal  Insufficiency  of 
Renon  and  Delille:  Tachycardia,  instability  of 
the  pulse,  arterial  hypotension,  insomnia, 
anorexia,  distressing  sensation  of  heat,  exag- 
geration of  sweat  secretion. 

Acromegaly:   "A   simple  hypertrophy,  not 


congenital,  of  the  upper  and  lower  extremities 
and  also  cephalic,*  headache,  amenorrhea,  ten- 
don reflexes  increased,  arrhythymia,  syncope, 
perspiration,  polyuria,  glycosuria,  sensitive- 
ness to  cola,  neuralgias,  acroparesthesia, 
cramps,  lancinating  pains,  lassitude,  irritability, 
depression. 

Gigantism :  "Acromegaly  of  the  subjects  in 
the  epiphyseal  cartilages  which  have  not  yet 
ossified,"  impotency,  amenorrhcea,  indolence, 
infantilism,  aboulia,  asthenia,  glycosuria, 
polyuria. 

Pineal. —  Genital  Macrosomia :  Abnormal 
increase  in  height,  premature  genital  and  sexual 
development  with  secondary  sexual  characters, 
hypertrichosis,   exaggerated  mental  precocity. 

Pineal  Adiposity:  Diffuse  obesity. 

Choroid  Plexus. —  Hydrocephalus :  Hyper- 
tension of  the  cerebrospinal  fluid,  rapid  de- 
velopment, nervous  and  mental  syndrome  of 
ventricular  hypertension,  obnubilation,  idiocy. 

Ovaries.—  Infantilism :  Amenorrhcea,  ab- 
sence of  secondary  feminine  characters,  obesity, 
deficiency  of  hair,  childishness. 

Acquired  ovarian  insufficiency,  (a)  Periph- 
eral vasodilatation,  subjective  crises  of  heat, 
sweating,  continuous  or  paroxysmal  tachy- 
cardia, palpitations,  arterial  hypertension,  in- 
somnia, severe  headache,  facial  neuralgia,  lum- 
bago, neuromuscular  asthenia,  memory  instabil- 
ity, irritability,  enervation,  hysterical  crises; 
exaggeration  of  the  sexual  instinct (?),  more 
often  absent  or  inverted;  obesity,  restlessness, 
anxiety,  phobias,  impulsions,  gastrospasm,  con- 
stipation, vomiting,  vertigo,  syncope. 

(b)  "Vagotonic  crises"  before  the  menses 
and  at  the  beginning  of  pregnancy,  pallor, 
tendency  to  syncope,  nausea,  vomiting,  consti- 
pation, diminished  arterial  tension,  pulse  rather 
slow,  oculocardiac  reflex  positive,  Samogyus's 
sign,  psychic  depression  particularly  connected 
with  the  development  of  the  corpus  lutcum 
These  crises  occurring  before  menstruation  or 
at  the  beginning  of  pregnancy  must  not  be 
confused  with  the  reactionary  dyshyperthyroid- 
ism  of  the  menopause  marked  by  flashes  of 
heat,  sweating.  hypertension,  paroxysmal 
tachycardia,  palpitations,  anxiety. 

•Hyperovaria"  (Dalche):  Precocious 
puberty,  copious  menstruation,  pain  before  and 
during  the  first  days  of  the  period,  inter- 
menstrual leucorrhoea,  developed  sexual  in- 
stinct, well-marked  eyebrows,  thinness,  pallor, 
small  breasts,  large  pelvis,  rounded  lower  limbs 
contrasted  in  size  with  the  upper  ones,  arterial 
hypotension,  craving  for  movement  and  action, 
enervation,  tendency  to  loquacity,  erotic  crises. 

Testicles.—  Infantilism  :  Defective  develop- 
ment of  the  male  genital  organs,  absence  of 
secondary  sexual  characters,  obesity,  deficiency 
of  hair  length  of  the  lower  limbs,  small  cra- 
nium, childishness. 

Acquired  Testicular  Insufficiency:  Increase 
in  height,  diminution  of  the  pilous  system, 
glabrous  state  of  the  body,  tendency  to 
obesity,  gynecomasty,  frigidity,  impotency, 
senility,  arterial  hypertension  ( ?),  asthenia. 

The  types  of  testicular  insufficiency  accord- 
ing to  Rcbattus  and  Gravicr  arc:  (a)  The 
sterile,  (b)  Eunuchoid  gigantism,  because  the 
internal  secretion  of  the  testicle  is  established 
jatc.  In  this  case  there  is  a  prolonged  infantil- 
ism.   (<-)  Eunuchism  by  castration  character- 
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izcd  by  gigantism  and  infantile  appearance. 
The  secondary  sexual  characters  do  not  appear. 
(d)  The  reversive  infantilism  of  Gandy, 
where  simply  a  sort  of  a  sexual  condition  is 
noticed,  with  attenuation  of  secondary  sexual 
characters  and  a  certain  degree  of  obesity, 
with  late  testicular  difficulty  in  the  adult. 

Dyshyperdiastcmatia :  Lower  limbs  short 
and  cranium  very  large,  pilous  system  well  de- 
veloped, especially  the  mustache,  thinness,  per- 
sistence of  youth,  a  degree  of  arterial  hyperten- 
sion, virile  character,  activity,  moral  and  physi- 
cal energy. 

Prostate. —  Prostatic  Insufficiency:  Asthenia, 
diminution  of  potency,  neurasthenia,  at  times 
suicide. 


Hypertrophy  of  Prostate:  Arterial  hyper- 
tension, retardation  of  the  heart,  cerebral 
hemorrhages,  genital  excitation. 


Pluriglandular  Syndromes.— Basedow's  dis- 
ease with  thymic  hypertrophy  and  vagotonic 
symptoms ;  scleroderma,  and  tetany,  amen- 
orrhea, Addison's  syndrome ;  acromegaly,  etc. 

Myxedematous  with  Thymic  Hypertrophy: 
Tetany,  acromegaly,  Addison's  sync!  ome, 
amenorrhcea,  infantilism,  mammary  hyper- 
trophy, etc. 

Acromegalic  or  ovarian  insufficiencies  with 
various  disturbances,  psychic,  nervous,  vaso- 
motor, trophic,  etc.,  connected  at  one  time 
with  the  myxedematous,  at  another  with  the 
bascdowian  series. 

Ovarian  Predominance. —  Thyroid  Reaction 
to  Ovarian  Insufficiency:  Tachycardia,  palpita- 
tions, perspiration,  nervous  irritability,  vcrtieo, 
scanty  urination,  trembling,  anxiety,  etc. 

The  differences  between  these  nervous 
manifestations  and  the  picture  of  the  attenuated 
forms  of  exophthalmic  goitre  arc  very  slight 
says  Laignel-Lavastine.  This  pathogenic  con- 
ception permits  of  important  therapeutic  re- 
sults; one  may  ask.  for  example,  whether  the 
anti-basedowian  therapv  with  hematothyroidin 
would  not  be  of  advantage  in  the  nervous  and 
psychic  disturbances  of  the  normal  menopause 
which  repeat  one  feature  after  another  of  the 
basedowian  series. 

Dyshyperovaria  of  the  Hypothyroid :  Antici- 
pation, prolongation  and  copiousness  of  the 
menses,  monorrhagia,  metrorrhagia. 

Thyro-ovarian  Disturbances  of  the  Same 
Significance  —  Either  ovarian  insufficiency  in 
the  myxedematous  series,  or  the  dyshypero- 
varian  in  the  basedowian  series;  in  cither  case 
the  nervous  disturbances  of  the  dysthyroid  are 
modified  by  all  factors  of  the  ovarian  rhythm, 
whatever  they  may  be. 

Hypophyseal  Predominance. —  Infantile 
iants,  with  their  clinical  varieties:  feminism, 


eunuchism  cryptorchidism,  feminine  pseudo- 
hermaphroditism, mental  infantilism. 

Acromegalics  with  deficiency  syndromes, 
myxedema,  infantilism,  amenorrhcea,  obesity, 
asthenia. 

Acromegalics  with  syndromes  of  hyperactiv- 
ity, more  or  less  vicious,  svnergetic  or  substitu- 
tive:  simple  or  exophthalmic  goitre,  arterial 
hypertension  and  atheroma,  lacteal  secretion. 

Suprarenal  Predominance. — Addisonian  with 
amenorrhcea,  impotence,  chilliness,  tetany  or,  on 
the  other  hand,  exophthalmic  goitre. 

Very  often  basedowians,  acromegalics,  giants, 
with  spontaneous  glycosuria,  alimentary-  or 
merely  adrenal,  the  latter  meking  it  possible  in 


certain  cases  to  suppose  a  certain  degree  of 

suprarenal  hyperactivity. 

Without  Marked  Predominance.—  The  case 
of  Claude  and  Gougerot  is  an  example :  Loss  of 
sexual  characters,  countenance  old-looking,  skin 
thickened,  wrinkled,  pigmented ;  chilliness,  ab- 
sence of  perspiration,  asthenia,  arterial  hypo- 
tension, tetany;  testicular,  prostatic,  suprarenal, 
thyroidal  and  perhaps  parathvroidal  atrophy. 
Consult  Jelliffe  and  White,  'Diseases  of  the 
Nervous  System*  (Chap.  Ill,  "The  Endocrino- 
pathies");  Eppinger  and  Hess,  'Vagotonia, 
Nervous  and  Mental  Disease'  (Monograph 
Series,  No.  20,  New  York). 

Smith  Ely  Jelliffe. 

ENDODERM,  or  ENODERM  (also 
called  entoblast  or  hypoblast),  the  innermost 
layer  of  cells  in  the  developing  embryo.  In 
man  it  subsequently  develops  into  the  epithelium 
that  lines  the  digestive  canal  and  its  appendages, 
the  pancreas,  liver,  lungs,  etc.  Sec  Embry- 
ology. 

ENDODERMIS,  in  plants,  the  layer  of 
cortical  cells  which  surrounds  the  vascular 
region  and  generally  called  the  bundle  sheath. 
In  many  cases  there  is  but  a  single  sheath  sur- 
rounding a  single  vascular  region;  in  others 
there  arc  several  vascular  regions  each  pro- 
tected by  its  own  sheath  or  endodermis.  See 
Morphology. 

ENDOGAMY,  a  custom  among  some  sav- 
age peoples  of  marrying  only  within  their  own 
tribe.   Opposed  to  exogamy. 

ENDOGENS,  en'do-jenz,  a  name  tor  mon- 
ocotyledonous  plants,  referring  to  the  mode 
of  growth  of  the  stem.  See  Botany;  Mono- 
cotyledons. 

ENDOR,  en'der,  a  village  of  Palestine,  four 
miles  south  of  Tabor,  now  a  poor  mud  hamlet. 
It  was  the  place  which  Saul  visited  (1  Sam. 
xxviii,  7)  to  consult  the  "woman  with  a  familiar 
spirit."  The  word  is  in  common  use  in  the  writ- 
ings of  the  Philistines. 

ENDORSE,  in  heraldry,  a  subordinary 
equivalent  to  one-eighth  or  one-fourth  of  a 
pale. 

ENDOSCOPE,  in  surgery,  a  general  term 
for  an  instrument  for  the  examination  of  in- 
ternal parts.  It  consists  of  a  tube  and  an  appa- 
ratus for  lighting.  The  most  serviceable  is  that 
devised  by  Nitzc  and  Leitcr. 

ENDOSMOSIS.   See  Osmosis. 

ENDOTHELIOMA,  en-do-the-H-o'ma. 
Sec  Tumor. 

ENDOTHELIUM,  a  modified  form  of  the 
cells  lining  certain  internal  organs.  Such  are 
the  internal  lining  membranes  of  the  heart  and 
blood  vessels,  the  joints  and  other  closed  cavi- 
ties. Endothelium  is  a  modification  of  epithe- 
lium (q.v.). 

ENDOTHYRA,  genus  of  fossil.  Forami- 
nifcra,  the  shells  of  one  species  of  which  (E. 
bailcyi)  form  a  large  part  of  the  oolitic  lime- 
stone of  the  Lower  Carboniferous  and  known 
as  Bedford  limestone.   See  Foraminifera. 

ENDOWED  SCHOOL  ACTS.  Acts  of 
the  British  Parliament  made  to  prevent  misap- 
plication of  the  foundations  for  the  support  of 
secondary  education  in  England.  Sec  Great 
Britain  —  Education,  and  consult  Balfour,  A. 
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T.,  'The  Educational  Systems  of  Great  Britain 
and  Ireland'  (Oxford  1912). 

ENDROMIS  (1)  a  kind  of  boot  which  was 
first  generally  worn  by  Cretan  huntsmen  and 
then  by  athletes  in  general.  It  was  close-fitting, 
reached  above  the  ankle,  with  the  top  turned 
down.  (2)  a  woolen  rug  or  covering  worn  by 
Roman  athletes,  gladiators,  etc.,  .after  violent 
exercise.  They  were  made  in  Spain  or  in  Tyre. 

ENDYMION,  in  classical  mythology,  ac- 
cording to  some  a  huntsman ;  according  to 
others  a  shepherd;  and  according  to  a  third 
account  a  king  of  Elis.  One  tradition  is  that  he 
asked  of  Zeus  eternal  youth  and  eternal  sleep, 
and  that  Selene  (the  moon)  saw  him  sleeping 
and  became  enamored  of  him.  Others  relate 
that  Selene  herself,  charmed  by  his  beauty,  con- 
veyed him  to  Mount  Letmus  in  Caria  and  threw 
him  into  a  perpetual  sleep  in  order  that  she 
might  kiss  him  whenever  she  pleased.  The 
legend  is  the  subject  of  Keats'  'Endymion.' 

ENDYMION.  Keats '  was  23  when,  in 
April  1818,  he  published  his  first  long  poem, 
'Endymion.'  The  young  poet,  in  love  no  less 
with  the  beauty  of  his  native  England  than  with 
"the  beautiful  mythology  of  Greece,*  incarnated 
in  the  poem  his  own  passionate  seeking  for  the 
soul  of  beauty  in  the  world.  We  may  trace 
this  theme  through  the  "uncertain  path*  of  a 
story  which  is  almost  lost  in  the  luxuriant  tan- 
gles and  by-paths  of  incident  and  description. 
Endymion,  smitten  with  strange  trance  at  the 
feast  of  Pan,  confesses  to  his  sister  the  vision 
of  an  immortal  loved  one  that  has  turned 
waking  life  to  despair.  Led  on  to  *woe-worn 
wanderings*  by  a  mysterious  command,  he 
descends  "into  the  silent  mysteries  of  earth.* 
He  is  succored  by  Diana,  urged  on  by  Venus, 
who  foretells  his  happiness,  and  is  moved  to 
pity  by  the  vain  loves  of  Alpheus  and  Arethusa. 
And  when  at  length  his  "fated  way"  leads  him 
through  the  sea-depths  to  the  rescue  of  spell- 
bound Glaucus,  Endymion's  awakened  sym- 
pathy with  suffering  gives  him  power  not  only 
to  restore  "all  lovers  tempest-tost"  to  eternal 
love  and  youth,  but  to  win  Cynthia  and  im- 
mortal bliss.  So  at  last  his  mortal  love,  the 
Indian  damsel,  reveals  herself  as  the  goddess; 
and  through  earthly  loveliness  he  attains  im- 
mortal beauty.  And  so  this  story  of  Endymion's 
love  for  the  moon-goddess  is  the  symbol  not 
only  of  Keats'  intense  susceptibility  to  the 
loveliness  of  moonlight  but  of  his  life-long 
passion  for  "the  principle  of  beauty  in  all 
things." 

The  form  of  the  poem  is,  like  its  spirit, 
wavering,  but  shot  through  with  imaginative 
glory.  Structure  is  lacking  — the  poet  does 
not  master  his  story,  but  is  swept  on  by  it,  like 
Endymion  on  his  celestial  steed.  Metre  and 
diction  are  treated  with  a  freedom  not  only 
Elizabethan  but  revolutionary.  And  in  such 
lyric  ecstasies  as  the  "Hymn  to  Pan*  and  "O 
Sorrow,*  in  such  perfect  images  as  "the  danc- 
ing poppies*  "tip-toe  Night,"  "panting  light.* 
"rain-scented  eglantine,"  there  speaks  Keats,  the 
magician  of  English  poetry.  Consult  article 
aKeats,*  'Cambridge  History  of  English 
Literature'  (Vol.  XII);  and  Colvin,  Sidney, 
'John  Keats'  (New  York  1917V 

Frances  W.  Cutler. 


ENEMATA,  fluid  substances  passed  into 
the  rectum  and  large  intestines  for  cleansing, 
for  medication  or  for  nutrient  purposes.  For 
the  treatment  of  chronic  constipation,  enemata 
of  cold  or  hot  water,  water  and  soapsuds,  water 
and  glycerine,  are  found  to  be  of  great  service. 
Almost  any  remedial  substance  capable  of  solu- 
tion and  absorption  may  be  placed  in  the  rectum 
or  large  intestine  to  affect  the  parts  locally  or 
to  exert  a  general  action  on  the  body.  Almost 
all  remedies  that  are  taken  into  the  stomach 
may  be  taken  by  means  of  enemata.  The  dose 
has  to  be  somewhat  larger  in  most  instances. 
For  the  treatment  of  pinworms,  diarrhoea  and 
dysentery  enemata  are  invaluable.  In  medicine 
the  lower  bowel  may  be  used  much  oftcner 
than  it  is.  In  acute  colicky  pains  from  "wind* 
in  the  bowels  there  is  nothing  better,  as  a  rule, 
than  a  hot  enema  of  at  least  two  quarts,  at  a 
temperature  of  from  116°  to  118°  F.  As  the 
lower  bowel  is  not  provided  with  digestive 
juices,  when  nutrient  enemata  are  to  be  given 
the  insoluble  food-substances  should  be  so  con- 
verted as  to  render  them  capable  of  absorption 
—  hence  all  gruels,  eggs,  milk,  etc.,  to  be  used 
should  first  be  predigested  by  peptic  or  pan- 
creatic ferments.  A  special  form  of  enema, 
consisting  of  hot  (116'  to  118*  F.)  salt  solu- 
tion (1  tcaspoonful  of  salt  to  1  pint  of  water), 
allowed  to  pass  in  and  out  of  the  bowel  slowly 
and  made  to  ascend  some  distance,  is  of  im- 
mense service  in  cases  of  surgical  shock,  in 
profuse  bleeding,  and  in  cases  in  which  the 
kidneys  refuse  to  secrete  urine.  This  is  termed 
enteroclysis  (q.v.).  Enemas  for  cleansing  the 
bowel  should  be  copious;  those  for  nutrient 
purposes  should  be  small  — not  over  half  an 
ounce, 

ENEMY,  in  international  law,  a  nation  at 
war  with  another.  The  term  includes  the 
nation  as  a  whole,  and  also  individuals  belong- 
ing to  the  latter.  A  state  of  war  must  exist 
before  States  assume  toward  each  other  the 
position  of  enemies.  By  international  law  the 
status  of  an  enemy  is  regulated  according  as 
it  is  a  combatant  or  non-combatant.  If  a  com- 
batant the  opposing  nation  may  employ  its 
whole  force  toward  its  destruction.  Non- 
combatants,  however,  in  as  much  as  they  have 
no  connection  with  the  war  but  continue  their 
ordinary  avocation,  are  exempt  from  attack 
according  to  the  usage  of  modern  civilized 
peoples.  A  state  of  war  precludes  commercial 
relations  between  the  non-combatants  of  states 
at  war,  contracts  are  not  upheld,  and  the  courts 
arc  closed  to  enemy  aliens.  Ordinarily  non- 
combatants  are  not  liable  to  injury  in  person 
or  property  arising  from  military  operations, 
but  it  frequently  happens  that  they  suffer  prop- 
erty losses  through  bombardments,  etc  If  at- 
tacked or  robbed  by  troops  of  the  enemy  with- 
out authorization  and  contrary  to  international 
law  those  troops  are  liable  to  punishment  by 
their  own  military  superiors  for  violation  of 
the  rules  of  war.  The  modern  tendency  of 
civilized  peoples  is  to  limit  all  acts  of  hostility 
to  the  actual  combatants  in  the  theatre  of  war. 

It  has  frequently  happened,  however,  that 
modern  nations  while  engaged  in  hostilities  with 
savage  peoples  have  been  unable  to  observe  all 
the  rules  of  international  law,  and  especially  the 
distinction  between  combatants  ana  non-com- 
batants.   See  Alien;  Belligerent;  Interna- 
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tiokal  Law;  War,  Rules  of,  and  consult  the 
authorities  referred  to  under  these  articles. 

ENEMY  ALIEN  PROBLEMS.  In  early 
times  it  was  the  practice  of  belligerent  govern- 
ments upon  the  outbreak  of  war  to  arrest  the 
citizens  or  subjects  of  the  enemy  power  resid- 
ing within  their  jurisdiction,  to  confiscate  their 
property  and  sometimes  to  expel  them  sum- 
marily from  the  country.  In  the  course  of 
time,  however,  relaxations  from  this  harsh 
practice  began  to  be  made  and  many  treaties 
were  concluded  providing  that  such  persons 
should  either  be  allowed  to  remain  in  the  coun- 
try, or  in  case  they  were  required  to  leave, 
they  should  he  allowed  a  specified  period  within 
which  to  dispose  of  their  property  and  wind  up 
their  business  affairs.  The  policy  of  confiscat- 
ing their  property  also  ceased  and  wholesale 
expulsions  became  rare.  During  most  of  the 
wars  of  the  19th  century  the  treatment  accorded 
to  enemy  aliens  was  uniformly  liberal  and 
humane.  During  the  Spanish-American  War 
of  1898,  for  example,  neither  belligerent  mo- 
lested the  citizens  or  subjects  of  the  other,  so 
long  as  they  demeaned  themselves  peaceably 
and  their  property  was  not  interfered  with  in 
the  slightest  degree.  When  the  present  Euro- 
pean War  broke  out  the  rights  of  enemy  aliens 
had  not  been  regulated  by  any  of  the  great 
international  conventions;  the  treatment  to 
which  they  were  entitled,  therefore,  depended 
upon  the  customary  law  of  nations  and  upon 
particular  treaty  stipulations  between  the  op- 
posing belligerents. 

The  enemy  alien  problem  of  the  present  war 
has  been  somewhat  different  from  that  of  any 
preceding  war,  partly'  because  of  the  unprece- 
dented number  of  enemy  aliens  which  were 
found  in  most  of  the  belligerent  states  at  the 
outbreak  of  the  conflict,  and  partly  because  of 
the  enormous  amount  of  property  held  by  such 
persons  in  the  countries  where  they  resided. 
In  England,  for  example,  there  were  more  than 
50,000  German  subjects;  in  France  the  num- 
ber was  still  larger;  and  in  the  United  States 
the  number  of  such  persons  probably  exceeded 
a  million.  In  consequence  of  the  German  policy 
of  universal  compulsory  military  service  large 
numbers  of  them  were  reservists  who  if  they 
had  been  allowed  to  depart  would  have  returned 
to  Germany  and  joined  the  army.  Many  of 
them  were  of  course  spies,  for  the  German  his- 
torian Treitschke  tells  us  that  "in  the  national 
wars  of  the  present  day  every  honest  subject  is 
a  spy.*  The  presence  of  such  persons  in  so  large 
a  number  in  England  and  France,  because  of  the 
close  geographical  proximity  of  those  countries 
to  Germany  naturally  constituted  a  grave  danger 
to  both  countries.  It  was  impossible  in  view 
of  these  circumstances  to  allow  males  of  mili- 
tary age  to  leave  the  country  and  it  was  equally 
impossible  to  leave  them  to  remain  in  complete 
freedom. 

The  treatment  which  was  accorded  to  every 
alien  by  the  various  belligerent  governments 
may  be  discussed  under  three  heads :  ( 1 )  policy 
in  respect  to  their  personal  freedom;  (2) 
measures  in  respect  to  their  property  and  busi- 
ness undertakings;  and  (3)  their  right  of  ac- 
cess to  the  courts.  At  the  outset  Great  Britain 
accorded  to  German  subjects  a  period  of  seven 
days  during  which  they  might  leave,  but  it  does 
not  appear  that  any  considerable  number  suc- 


ceeded in  getting  away.  France  allowed  them 
to  leave  before  the  end  of  the  first  day  of 
mobilization,  but  few  were  able  to  return  to 
their  home  countries.  Germany  and  the  United 
States  did  not  allow  any  days  of  grace  for  this 
purpose  and  Germany  even  went  to  the  length 
of  arresting  all  Japanese  subjects  found  in  the 
country  at  the  outbreak  of  the  war  between  that 
country  and  Japan.  British  and  French  nation- 
als were  summarily  expelled  from  any  German 
towns  and  cities  and  without  being  allowed  to 
take  their  effects  with  them.  On  the  day  of 
the  outbreak  of  war  between  France  and  Ger- 
many the  French  government  as  a  military  pre- 
caution required  all  enemy  subjects  to  evacuate 
the  region  of  the  northwest,  and  also  the  cities 
of  Paris  and  Lyons  and  to  retire  to  other 
regions  in  the  west.  They  were  not,  however, 
expelled.  Portugal  appears  to  have  been  the 
only  belligerent  country  which  went  to  the 
length  of  expelling  all  enemy  persons  between 
certain  ages.  In  every  belligerent  country 
measures  were  early  taken  to  restrict  the 
liberty  of  movement  of  enemy  aliens.  In  Eng- 
land they  were  required  to  reside  in  certain 
"approved"  places ;  they  were  forbidden  to  re- 
side in  certain  designated  regions  or  to  change 
their  places  of  residence  or  travel  more  than 
five  miles  without  a  permit;  they  were  for- 
bidden to  have  within  their  possession  any 
firearms  and  various  other  articles  such  as  sig- 
naling apparatus,  military  maps,  motor  cars, 
etc.;  they  were  forbidden  to  frequent  clubs;  to 
see  any  but  English  newspapers,  etc.  In  every 
belligerent  country  they  were  required  to  regis- 
ter and  were  placed  under  strict  surveillance  by 
the  authorities.  In  the  United  States  they  were 
forbidden  to  reside  within  a  certain  distance  of 
any  fort,  arsenal,  armory  or  similar  place;  they 
were  excluded  from  residing  near  to  or  from 
approaching  water  fronts  or  wharves,  and  they 
were  prohibited  from  remaining  or  residing 
within  the  District  of  Columbia.  All  enemy 
aliens  including  women  were  required  to 
register,  and  in  general  they  were  subjected 
to  other  restrictions  similar  to  those  adopted 
by  the  British  government.  On  account  of  the 
close  geographical  proximity  of  France  to  Ger- 
many, the  French  government  at  the  outset 
ordered  a  general  internment  of  the  enemy 
population.  They  were  therefore  removed  to 
concentration  camps  located  in  various  parts  of 
France,  mainly  in  the  west,  behind  a  line  ex- 
tending roughly  from  Dunkirk  to  Nice.  For 
some  eight  months  after  the  outbreak  of  the 
war  the  British  government  did  not  go  to  such 
lengths,  although  considerable  numbers  of  sus- 
picious and  dangerous  characters  were  interned 
as  a  precautionary  measure.  In  consequence, 
however,  of  various  acts  of  the  Germans,  such 
as  the  bombardment  of  undefended  coast  towns, 
Zeppelin  raids  upon  England,  the  use  of  as- 
phyxiating gases  as  a  means  of  combat,  the  ill- 
treatment  of  English  prisoners,  and  the  like, 
public  opinion  in  England  came  to  demand  that 
the  whole  enemy  population  of  England  should 
be  interned,  and  the  sinking  of  the  Lusitania 
in  May  1915  greatly  intensified-  the  popular  de- 
mand. This  last  act  led  to  serious  mob  out- 
breaks against  the  Germans  in  England  and  the 
dominions,  during  the  course  of  which  many 
German  houses  and  shops  were  wrecked  and  a 
considerable  number  of  lives  were  lost.  Partly, 
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therefore,  in  the  interest  of  the  national  de- 
fense and  partly  in  the  interest  of  the  Germans 
themselves,  whom  it  was  difficult  for  the  pub- 
lic authorities  to  protect  so  long  as  they  were 
scattered  throughout  the  United  Kingdom,  the 
British  government  in  May  1915  ordered  the 
internment  in  concentration  camps  of  practi- 
cally all  enemy  persons  then  left  in  England, 
although  exemptions  were  granted  in  particular 
cases  where  internment  would  have  worked  a 
serious  hardship  without  subserving  any  pur- 
pose of  national  defense.  The  order  for  in- 
ternment, it  may  be  added,  applied  not  only  to 
enemy  subjects  but  also  to  British  subjects  (of 
which  there  were  some  8,000),  of  enemy  origin. 
So  far  as  possible  work  was  provided  in  the 
camps  for  such  persons;  classes  for  instruction 
were  organized,  libraries  were  established,  and 
instructors  in  the  handicrafts  were  furnished. 
Long  before  the  British  policy  of  internment 
had  been  decided  upon,  the  German  govern- 
ment in  consequence  of  reports  that  large  num- 
bers of  Germans  were  being  arbitrarily  ar- 
rested and  imprisoned  in  England,  had  issued 
an  order  (6  Nov.  1914)  for  the  general  intern- 
ment of  all  British  males  between  the  ages  of 
17  and  55.  Most  of  them  were  interned  in  the 
buildings  of  a  race  course  at  Ruhcleben  near 
Berlin.  The  United  States  was  almost  the  only 
great  power  which  did  not  resort  to  the  policy 
of  general  internment,  for  there  the  presence 
of  enemy  aliens  at  large  did  not,  by  reason  of 
the  remoteness  of  the  country  from  Germany, 
constitute  the  same  danger  as  it  did  in  England 
and  France.  Large  numbers  of  individual  Ger- 
mans whose  disloyalty  was  clearly  established, 
others  who  were  regarded  as  suspects  or  danger- 
ous persons,  and  still  others  charged  with  espion- 
age and  other  crimes  were,  however,  arrested 
and  confined  in  internment  camps  in  various 
parts  of  the  country.  The  members  of  the  crews 
of  German  merchant  vessels  in  American  ports 
as  well  as  the  crews  of  German  warships  which 
took  refuge  in  American  ports  were  likewise 
interned.  Other  enemy  persons  who  conformed 
to  the  regulations  in  regard  to  residence,  move- 
ment and  registration  and  who  demeaned  them- 
selves peaceably  were  left  at  large,  although 
they  were  subjected  to  close  surveillance  and 
were  frequently  warned  against  the  conse- 
quences of  misbehavior  and  disloyalty. 

Subsequent  to  the  inauguration  of  the  policy 
of  wholesale  internment,  special  conventions 
were  concluded  between  a  number  of  the 
belligerent  governments  providing  for  the  re- 
ciprocal exchange  and  release  of  women  and 
males  except  those  of  military  age.  Thus  in 
January  1917  an  arrangement  was  concluded 
between  the  British  and  German  governments 
under  which  all  males  over  45  years  of  age  and 
under  17  held  in  either  country  as  interned 
prisoners  were  released  and  allowed  to  return 
to  their  own  countries.  In  pursuance  of  this 
arrangement  some  7.000  Germans  in  England 
and  some  600  or  700  British  subjects  in  Ger- 
many were  repatriated.  Somewhat  similar  ar- 
rangements were  concluded  between  the  German 
and  French  governments  and  between  the  Ger- 
man and  Austro-Hungarian  governments. 

The  presence  in  many  of  the  belligerent 
countries  of  enormous  property  holdings  and 
business  houses  owned  wholly  or  in  part  by,  or 
under  the  control  of,  enemy  persons  raised 


a  difficult  problem  for  belligerent  govern- 
ments. Obviously  considerations  affecting  the 
national  defense  made  it  necessary  to  de- 
prive the  enemy  of  the  use  and  control  of  such 
property  or  business;  otherwise  his  power 
would  have  been  employed  to  increase  its  own 
strength  and  resources.  Steps  were  therefore 
taken  in  every  belligerent  country  for  placing 
enemy-owned  property  and  enemy  business  un- 
dertakings under  the  control  or  supervision  of 
the  public  authorities.  In  England  and  the 
United  States  all  such  property  was  placed  in 
the  hands  of  a  public  custodian  who  was  cm- 
powered  to  hold  and  administer  it  and  in  gen- 
eral to  exercise  over  it  all  the  powers  of  a 
common-law  trustee  throughout  the  period  of 
the  war.  At  first  the  American  custodian  was 
given  only  a  limited  right  to  dispose  of  such 
property  by  sale,  as  for  example,  when  it  was 
necessary  to  prevent  waste  or  protect  the  rights 
of  the  United  States  therein,  but  later  he  was 
given  a  general  power  of  sale  and  enormous 
German  holdings  aggregating  many  millions  of 
dollars  worth  of  property  were  sold.  The  pro- 
ceeds were  turned  into  the  treasury  of  the 
United  States  and  it  is  understood  that  the 
eventual  disposition  of  it  will  be  determined  by 
the  treaty  of  peace  at  the  close  of  the  war. 
The  proceeds  in  some  cases  were  used  to  pur- 
chase war  bonds.  It  should  be  remarked,  how- 
ever, that  this  somewhat  rigorous  policy  was 
not  enforced  against  the  property  owned  by 
enemy  persons  residing  or  domiciled  in  the 
United  States,  but  only  against  property  of 
those  living  in  the  enemy  country  and  who  were 
presumably  engaged  in  making  war  upon  the 
United  States.  The  property  Holdings  of  the 
former,  except  those  interned,  have  not  been 
molested.  The  property  of  American  citizens 
residing  in  Germany,  however,  was  treated  as 
enemy  property  on  the  theory  that  the  test  of 
enemy  character  is  domicile  rather  than  nation- 
ality. 

In  France  enemy  property  was  put  under 
the  control  of  sequestrators  appointed  by  the 
courts  and  their  power  over  such  property  was 
substantially  the  same  as  that  of  the  English 
and  American  custodians,  except  that  they  were 
never  given  a  general  power  of  sale.  Again 
and  again  it  was  emphasized  in  France  that 
sequestrators  were  mainly  conservators  with  no 
general  power  to  dispose  of  the  property  placed 
in  their  custody.  They  were  authorized  to  sell 
enemy  property  only  when  it  was  perishable  or 
when  it  was  necessary  to  protect  it  from  waste 
or  loss.  Germany  began  by  placing  enemy 
property  under  supervision,  but  later  on  adopted 
<hc  policy  of  other  countries  and  put  it  in  the 
hands  of  administrators  who  had  the  power  to 
manage  it  and  in  some  cases  to  dispose  of  it 
by  sale.  There  was  widespread  complaint  in 
France  of  the  conduct  of  the  German  govern- 
ment in  respect  to  its  treatment  of  French 
property,  especially  in  Alsace-Lorraine  where 
large  quantities  were  held  and  the  proceeds 
of  which  in  some  cases  were  employed  for 
the  purchase  of  war  bonds.  As  regards 
enemy  business  enterprises  and  undertakings, 
all  belligerents  adopted  a  somewhat  similar 
policy.  In  England  an  official  known  as 
(he  controller  was  appointed  to  manage  and 
carry  on  any  enemy  business  undertakings 
the  continuance  of  which  was  demanded  by 
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the  public  interest.  Other  businesses  were 
prohibited  or  wound  up  and  liquidated  by 
the  Board  of  Trade.  In  the  United  States  this 
power  was  exercised  by  the  alien  enemy  cus- 
todian. Certain  enemy  businesses  such  as  in- 
surance were  prohibited;  in  the  case  of  other 
businesses  under  the  ownership  or  control  of 
enemy  persons  residing  in  Germany  the  boards 
of  directors  were  reorganized  by  the  appoint- 
ment of  new  directors  by  the  custodian,  and  the 
business  was  continued  by  the  reorganized  di- 
rectorate. In  Germany  all  enemy  business  en- 
terprises were  put  under  a  regime  of  com- 
pulsory' administration  and  management  through 
government  appointed  agents.  Some  of  them 
were  continued ;  many  were  wound  up  and 
liquidated.  Likewise,  in  France  administrators 
were  appointed  by  the  courts  to  operate  and 
manage  any  enemy  enterprise,  the  carrying  on 
of  which  was  required  by  the  public  interest; 
others  were  wound  up  by  a  liquidator,  likewise 
appointed  by  the  courts.  In  the  case  of  that 
particular  species  of  property  in  the  form  of 
patents,  trademarks,  copyrights,  etc.,  the  policy 
of  all  belligerent  governments  was  more  liberal 
than  it  was  in  respect  to  other  property.  In 
general,  the  policy  of  all  of  them  was  to  sus- 
nd  such  rights  but  without  confiscating  them, 
tizens  who  held  patents  in  enemy  countries 
were  allowed  to  transmit  money  thereto  in  or- 
der to  pay  the  necessary  fees  for  the  renewal 
of  their  patents  or  copyrights.  In  most  of  the 
belligerent  countries  enemy  patents  for  the 
manufacture  and  sale  of  articles  which  the  pub- 
lic interest  required  to  be  manufactured  were 
assigned  to  local  firms  or  persons,  the  licensees 
in  such  cases  being  required  to  pay  the  fees  and 
royalties  due  the  enemy  patentee  into  the  pub- 
lic treasury  the  same  to  be  held  for  the  benefit 
of  the  enemy  patentee  until  the  end  of  the 
war  or  to  be  otherwise  disposed  of  as  might 
then  be  determined,  presumably  by  the  treaty 
of  peace. 

As  to  the  right  of  enemy  subjects  to  enforce 
their  rights  by  suits  in  the  courts  or  to  appear 
in  court  and  defend  actions  brought  against 
them  the  policy  of  most  of  the  belligerent  gov- 
ernments has  been  fairly  liberal.  Under  the 
English  common  law  no  enemy  alien  was  al- 
lowed such  a  right  unless  he  remained  in  Eng- 
land by  permission  of  the  Crown  and  was  under 
the  special  protection  of  the  king.  During  the 
present  war,  however,  the  English  courts  have 
not  only  held  that  an  enemy  alien  residing  in 
England  may  defend  an  action  brought  against 
him  in  the  courts  but  that  an  enemy  subject 
who  is  interned  may  bring  an  action  as  a  plain- 
tiff. Since  practically  the  entire  enemy  popula- 
tion has  been  interned  the  effect  of  the  decision 
is  to  open  the  courts  generally  to  all  enemy 
aliens  in  the  country.  This  privilege,  however, 
docs  not  extend  to  persons  residing  or  domiciled 
in  enemy  territory.  Germany  allowed  enemy 
aliens  domiciled  in  the  empire  the  right  of 
access  to  German  courts  but  denied  it  to  those 
residing  or  domiciled  outside  the  empire  In 
France  some  of  the  lower  courts  admitted 
enemy  aliens  to  brinff  actions  but  others  less 
liberal  refused  it.  The  Court  of  Appeals  of 
Paris  in  April  1916,  however,  rendered  a  notable 
decision  upholding  this  right.  In  the  United 
States  the  policy  of  the  courts  has  been  some- 
what divided  but  in  general  enemy  aliens  re- 
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siding  here  have  been  allowed  access  to  the 
courts  on  a  footing  of  equality  with  citizens. 
Those  residing  in  enemy  country,  however,  are 
not  allowed  the  privilege. 
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ENERGETICS.  In  physics,  mechanics  and 
chemistry,  Energetics  is  the  science  that  treats 
of  energy  and  its  transformations  —  "energy* 
being  defined  as  that  attribute  of  a  body,  or 
of  a  material  system,  by  virtue  of  which  the 
body  or  system  can  do  mechanical  work;  and 
"work"  being  simultaneously  defined  as  the 
overcoming  of  resistance  through  distance. 
Any  such  body  or  system,  that  can  do  mechan- 
ical work  by  changing  its  shape,  position  or 
configuration,  or  its  physical  or  chemical  state, 
is  said  to  possess  "energy"  —  that  is,  power  to 
do  work. 

The  mechanical  work  is  often  performed 
directly  and  immediately  by  the  body  possess- 
ing the  energy,  without  the  intervention  of  any 
other  agency.  This  is  by  no  means  essential, 
however,  because  the  conception  of  energy  has 
been  extended  so  as  to  include  all  systems  and 
processes,  however  complicated  or  indirect  the 
development  -of  the  work  may  be.  Thus  a  hot 
body  is  said  to  possess  energy,  because  its  heat 
can  be  used  to  actuate  a  heat  engine;  and  a 
galvanic  battery  is  similarly  said  to  possess  en- 
ergy, because  it  can  generate  electricity  and 
thereby  operate  an  electric  motor.  We  even 
speak  of  food  as  possessing  energy,  because 
when  eaten,  digested,  assimilated  and  oxidized 
in  the  muscles  it  enables  human  beings  or  ani- 
mals to  perform  mechanical  work. 

In  view  of  the  varied  kinds  of  bodies  and 
systems  that  exist,  and  the  varied  ways  in  which 
they  may  perform  work,  we  speak  of  "heat 
energy."  "electrical  energy,"  "chemical  en- 
ergy* and  energy  of  other  types;  but  in  using 
such  expressions  we  merely  indicate,  in  a 
rough  way,  the  kind  of  source  that  we  are  deal- 
ing with  and  the  general  nature  of  the  proc- 
esses to  which  we  may  have  to  resort,  if  we 
attempt  to  utilize  the  energy.  The  energy  is 
the  same  thing  in  every  case  —  namely,  it  is 
the  capacity  of  the  body  or  system  under  con- 
sideration to  do  mechanical  work.  In  many 
cases,  in  fact,  it  is  hard  to  say  in  what  condi- 
tion the  energy  exists  in  a  body.  For  example, 
a  mass  of  hot,  compressed  gas  certainly  pos- 
sesses energy,  but  in  view  of  the  fact  that  we 
can  obtain  work  from  it  either  by  direct  adia- 
batic  expansion,  or  bv  keeping  the  volume  con- 
stant and  using  the  heat  ( for  example)  to  op- 
erate a  thermoelectric  battery  and  a  motor,  it 
is  scarcely  logical  to  say  that  the  energy  of  the 
original  mass  existed  either  in  the  form  of 
heat  or  in  the  form  of  mcchnnical  compres- 
sion. If  we  try  to  solve  this  difficulty  bv  re- 
plying that  it  existed  in  both  forms,'  we  are 
quickly  made  aware  of  the  superficial  nature 
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of  the  answer,  if  we  attempt  to  determine  how 
much  is  present  as  heat,  and  how  much  is  pres- 
ent as  mechanical  compression.  When  we  in- 
crease the  energy  of  a  body  or  system,  we  say 
that  we  "add  energy"  to  it;  and  when  we  de- 
crease its  energy,  we  say  that  wc  "subtract 
energy*  from  it.  We  can  always  tell  what 
form  the  energy  has  that  we  add  or  subtract, 
but  it  is  often  impossible  to  tell  what  form  it 
has,  while  it  actually  resides  within  the  body 
or  system  with  which  it  is  associated. 

For  purposes  of  measurement  and  compu- 
tation it  is  necessary  to  have  a  satisfactory 
unit,  in  terms  of  which  wc  can  make  definite 
quantitative  statements  with  regard  to  energy; 
and  in  view  of  the  definition  of  energy,  it  is 
evident  that  this  unit  must  necessarily  be  either 
the  same  as  the  one  that  is  used  for  measuring 
work  or  else  a  mere  multiple  or  subtnultiple  of 
it.  The  unit  that  is  adopted  in  the  measure- 
ment of  work  depends  upon  the  nature  of  the 
problem  that  is  under  consideration.  In  mod- 
ern scientific  investigations  the  unit  of  work  is 
commonly  the  erg,  which  is  defined  as  the 
work  done  in  overcoming  a  resistance  of  one 
dyne,  through  a  distance  of  one  centimeter.  In 
engineering  operations,  the  unit  of  work  com- 
monly employed  (at  least  in  the  United  States 
and  in  England)  is  the  foot-pound,  which  is  de- 
fined as  the  amount  of  work  done  in  overcom- 
ing, through  a  distance  of  one  foot,  a  resist- 
ance equal  to  the  weight  of  one  pound  of  mat- 
ter. (In  countries  using  the  metric  system,  the 
unit  of  work  in  engineering  operations  is  the 
kilogram-meter).  The  foot-pound  is  not  as 
precise  and  definite  a  unit  as  the  erg,  because 
the  attraction  that  the  earth  exerts  upon  a 
pound  of  matter  varies  with  the  latitude  and 
with  the  elevation  above  the  sea  and  hence  the 
foot-pound  varies  in  the  same  manner.  The 
variation  is  not  great  enough,  however,  to  de- 
stroy the  usefulness  of  the  foot-pound  as  a 
unit  of  work  or  energy  for  engineering  pur- 
poses, and  hence  this  familiar  unit  is  not  likely 
to  be  superseded,  for  ordinary,  rough  purposes. 
To  avoid  the  indefiniteness  of  the  foot-pound, 
we  might  adopt  the  far  more  scientific  (but 
exceedingly  uncommon)  unit  known  as  the 
■foot-poundal,"  which  is  defined  as  the  quan- 
tity of  work  that  must  be  done  in  order  to 
overcome  a  resistance  of  one  *poundal*  through 
a  distance  of  one  foot  —  a  'poundal*  being  the 
force  which,  when  applied  for  one  second  to  a 
body  having  a  mass  01  one  pound,  subject  to  no 
other  forces  and  initially  stationary,  will  pro- 
duce in  that  body  a  velocity  of  one  foot  per 
second. 

A  moving  body  possesses  energy  in  virtue 
of  its  motion  and  work  must  be  done  by  it 
before  it  will  stop.  Thus  a  railroad  train,  mov- 
ing at  high  speed,  cannot  be  brought  to  rest  at 
once,  because  the  energy  of  motion  that  it  pos- 
sesses must  first  be  expended  in  overcoming 
the  resistance  of  the  brakes,  or  the  natural  fric- 
tional  resistance  of  its  axles  in  their  journals 
and  its  wheels  upon  the  tracks.  The  mechan- 
ical energy  that  a  body  possesses  in  virtue  of 
its  motion  of  translation  or  rotation  is  called 
•kinetic  energy" ;  and  that  which  it  possesses  in 
virtue  of  its  position  or  its  state  of  elastic 
strain  is  called  "potential  energy." 

The  kinetic  energy  of  a  body  having  a  given 
mass  and  a  given  speed  of  translation,  is  (by 
definition)  the  amount  of  mechanical  work  that 


the  body  must  do.  in  order  to  come  to  rest.  If 
the  mass  of  the  body  is  M  and  the  velocity  is 
V,  it  can  easily  be  shown,  from  the  principles 
of  theoretical  mechanics,  that  the  work  thus 
performed  is  Yt  MV\  This  is  therefore  the 
numerical  expression  for  ihc  kinetic  energy 
of  the  body.  If  V  is  given  in  feet  per  second 
and  M  is  given  in  pounds,  this  formula  gives 
the  kinetic  energy  in  foot-poundals ;  and  hence 
if  it  is  desired  to  state  the  result  in  foot- 
pounds, it  is  necessary  to  divide  by  the  accelera- 
tion of  gravity,  as  expressed  in  the  same  fun- 
damental units  —  namely,  by  32.2,  in  a  locality 
in  which  the  speed  of  a  body  falling  freely  in 
a  vacuum  increases,  each  second,  by  32.2  feet 
per  second. 

It  is  not  only  impossible,  in  many  cases,  to 
state  what  form  the  energy-  has,  within  a  given 
body  or  system,  but  it  is  also  usually  (and  per- 
haps universally)  impossible  to  say  Iwv.-  much 
energy  the  body  or  system  contains  in  the  ag- 
gregate. In  other  words,  there  is  usually  no 
absolute  and  natural  zero  from  which  the  en- 
ergy can  be  reckoned;  and  hence  we  have  to 
assume  an  arbitrary  zero  point,  or  else  confine 
our  attention  to  the  quantities  of  energy  added 
to  the  body  or  system  (or  subtracted  from  it), 
without  making  any  attempt  to  estimate  the 
total  amount  present.  In  the  case  of  ordinary 
kinetic  energy,  there  is  apparently  a  natural 
zero,  corresponding  to  absolute  rest ;  but  it  will 
be  evident  that  this  zero  is  only  conventional, 
inasmuch  as  *rcst,>  is  a  relative  term  and  a 
body  that  is  seemingly  quite  devoid  of  motion 
is  nevertheless  rushing  through  space,  with  the 
earth,  at  a  considerable  speed.  The  case  is  even 
plainer  in  connection  with  the  potential  energy 
of  a  raised  body.  The  body  can  do  work  by- 
falling,  but  it  evidently  can  do  an  indefinite 
amount  of  work  by  falling  through  an  indefi- 
nite distance.  In  applying  the  principles  of  en- 
ergetics to  falling  weights  it  is  therefore  con- 
ventional to  assume  some  arbitrary  level  (at 
least  as  low  as  the  lowest  point  to  which  the 
weight  can  go)  as  the  level  of  zero  potential 
energy.  In  the  case  of  a  pendulum,  for  exam- 
ple, we  say  that  the  bob  has  no  potential  en- 
ergy when  it  is  at  the  lowest  point  of  its  swing, 
for  the  simple  reason  that  it  cannot  do  more 
work  by  descending  further,  because  it  is  al- 
ready at  the  lowest  point  to  which  the  con- 
struction and  mounting  of  the  pendulum  will 
allow  it  to  go;  yet  we  know  very  well  that  it 
could  do  more  work  if  the  supports  were  re- 
moved and  the  pendulum  as  a  whole  were  al- 
lowed to  fall  still  further. 

Transformation  of  Energy.—  It  often  hap- 
pens that  energy  of  some  one  given  and  distinct- 
ly recognizable  type  may  be  transformed  into  en- 
ergy of  some  other  easily  recognizable  and  def- 
inite type.  The  simplest  example  of  a  trans- 
formation of  this  kind  is  afforded  by  the  case 
of  a  freely-falling  body.  The  potential  energy 
that  the  body  possesses  in  virtue  of  its  elevated 
position  grows  less  as  the  body  descends,  and  the 
kinetic  energy  that  it  possesses  increases  at  the 
same  time;  and  it  is  a  simple  matter  to  show, 
by  the  aid  of  elementary  mechanical  principles, 
that  the  gain  in  kinetic  energy  is  precisely  equal 
to  the  loss  in  potential  energy.  In  the  same 
way,  an  electric  current  flowing  through  a  wire 
causes  the  wire  to  become  heated  and  it  has 
been  proved  that  the  heat-energy  thus  produced 
is  precisely  equivalent  to  the  electrical  energy 
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that  disappears  and  which  is  not  otherwise  ac- 
counted for. 

WTicn  energy  is  thus  converted,  it  is  found 
that  there  is  always  an  exact  relation  between 
the  quantity  of  energy  of  one  type  that  dis- 
appears and  the  quantity  of  energy  of  the 
other  type  that  appears.  In  fact,  these  two 
quantities  arc  precisely  equal,  if  they  arc  both 
expressed  in  work-units — that  is,  in  ergs  or 
foot-poundals.  As  a  matter  of  practical  con- 
venience, however,  energy  of  a  given  special 
type  is  often  measured  in  some  special  unit 
that  lends  itself,  more  readily  than  the  erg  or 
foot-poundal,  to  the  particular  measurements 
and  approximate  calculations  that  are  associ- 
ated with  this  species  of  energy.  Heat  is  a  fa- 
miliar case  in  point,  as  it  is  commonly  meas- 
ured in  terms  of  either  the  "British  thermal 
unit,"  or  the  "caloric"  —  the  British  thermal 
unit  being  defined  as  the  quantity  of  heat  re- 
quired to  raise  the  temperature  of  one  pound 
of  water  by  one  Fahrenheit  degree,  at  a  cer- 
tain specified  point  on  the  thermomctric  scale, 
and  the  calorie  being  defined  as  the  quantity 
of  heat  required  to  raise  the  temperature  of 
one  kilogram  of  water  by  one  Centigrade  de- 
gree, at  some  specified  temperature.  These 
units  and  others  analogous  to  them,  which  arc 
based  upon  obvious,  directly-observable  prop- 
erties of  substances  and  which  do  not  involve 
any  physical  theories  whatever  might  with  pro- 
priety be  called  "natural  units." 

Owing  to  the  fact  that  energy  of  one  type 
may  be  transformed  into  energy-  of  another 
type,  it  becomes  exceedingly  important  to 
know  the  numerical  relation  between  the  "nat- 
ural" units  in  which  different  forms  of  energy 
are  measured;  for  until  we  possess  this  knowl- 
edge we  cannot  compare  quantities  of  energy 
of  different  types  —  because  we  cannot  express 
these  quantities  in  terms  of  the  erg,  or  foot- 
poundal,  or  any  other  common  or  fundamental 
unit.  We  should,  in  fact,  be  in  the  same  position 
as  a  man  who  had  measured  one  liquid  with  a 
gallon  measure  and  another  one  with  a  pint 
mug,  but  who  had  no  idea  of  the  relation  of  the 
pint  to  the  gallon. 

It  is  especially  important  to  be  able  to  com- 
pare the  "natural"  unit  of  heat  accurately  with 
the  erg  or  the  foot-poundal,  and  many  elabo- 
rate experimental  researches  have  been 


ducted  for  the  purpose  of  improving  our  knowl- 
edge of  this  relation.  For  full  particulars  with 
regard  to  this  topic  the  reader  should  refer  to 
Heat  and  Thermodynamics;  but  it  may  be 
said,  in  this  place,  that  Rowland  found  that  one 
British  thermal  unit  of  heat  is  the  equivalent 
of  about  778  toot-pounds  of  mechanical  work 
—  the  "pound*  here  being  understood  to  signify 
the  attraction  of  the  earth  for  one  pound  of 
matter,  at  sea-level  in  the  latitude  of  Baltimore. 

Efficiency  of  Conversion  —  It  is  not  always 
possible  to  convert  a  given  quantity  of  energy  of 
one  type  wholly  into  energy  of  some  other  given 
type,  or  wholly  into  mechanical  work.  Heat,  for 
example,  cannot  be  wholly  converted  into  me- 
chanical energy  —  though  the  reverse  process,  of 
converting  mechanical  energy  wholly  into  heat, 
is  easily  performed.  This  fact  has  led  to  the  use 
of  the  expression  "available  energy,"  to  signify- 
that  part  of  the  total  energy  of  a  body  or  system, 
which  can  be  converted  into  mechanical  energy. 
The  distinction  between  available  and  unavail- 
able energy  is  arbitrary,  however,  because  the 


fraction  of  the  total  energy  that  is  available  de- 
pends upon  the  completeness  of  our  control  over 
the  conditions  under  which  the  transformation  is 
attempted.  Heat  energy,  for  example,  could  be 
wholly  converted  into  mechanical  energy  (so  far 
as  any  theoretical  limitation  is  concerned),  if  we 
could  effect  the  transformation  by  means  of  a 
heat-engine  having  a  condenser  at  the  absolute 
zero  of  temperature,  and  in  that  case  all  the 
heat-energy  would  be  "available."  Similar  limi- 
tations and  conditions  apply  to  energy  of  other 
types.  The  fact  that  heat-energy  is  not  fully 
convertible  into  mechanical  energy  under  con- 
ditions that  we  can  realize,  or  which  exist  in 
nature,  while  the  reverse  transformation  takes 
place  quite  readily  and  completely,  leads  to  the 
recognition  of  the  fact  that  in  the  processes  of 
nature  there  must  be,  on  the  whole,  a  tendency 
toward  the  "degradation  of  energy,"  in  the  sense 
that  there  is  a  continuous  diminution,  in  the  uni- 
verse, of  the  store  of  available  energy.  The 
supply  of  available  energy,  in  other  words,  is 
tending  continually  to  become  dissipated,  in  the 
form  of  diffused,  low-temperature  heat. 

For  purposes  of  mathematical  analysis,  it  is 
convenient  to  designate  the  condition  of  a  body 
or  system  by  representing,  by  means  of  algebraic 
symbols,  its  configuration,  size,  temperature, 
electric  potential,  and  any  other  measurable  at- 
tributes that  it  may  have  —  the  particular  at- 
tributes or  features  that  arc  selected  being  to  a 
considerable  extent  arbitrary,  though  to  serve 
the  purpose  of  defining  the  condition  of  the  body 
or  system  at  every  moment,  they  must  be  numer- 
ous enough,  and  must  be  selected  in  such  a  way, 
so  that  no  change,  essential  to  the  problem  under 
consideration,  can  take  place  in  the  body  without 
at  least  one  of  these  symbols  (or  defining  vari- 
ables) changing  its  value.  It  may  be  that  some 
of  the  selected  variables  will  be  functionally  de- 
pendent upon  the  others;  but  there  will  always 
be  a  certain  number  (small  in  the  cases  usually 
considered)  that  will  be  independent,  so  that  any 
one  of  them  can  vary  without  any  of  the  others 
necessarily  undergoing  a  simultaneous  variation. 
Then  if  E  represents  the  aggregate  energy  (in- 
cluding all  types)  possessed  by  the  body  at  a 
given  moment,  and  if  the  body  then  undergoes 
an  infinitesimal  change  of  condition  so  that  £ 
increased  by  the  theory  of  energetics  teaches 
that  a  relation  of  the  following  form  exists: 

AJE=ATAx  +  Y-*y+Z-&z+  .  .  . 
where  X,  Y,  Z,  x,  y.  r,  .  .  .  are  functions  of 
the  independent  defining  variables  —  some  of 
them  being  perhaps  identical  with  certain  of 
those  variables.  The  symbols  on  the  right-hand 
side  may  be  so  selected  that  each  of  the  several 
expressions  that  are  added  together  will  repre- 
sent the  total  quantity  of  energy-  of  some  one 
type  that  the  body  must  take  in,  in  order  to  un- 
dergo the  physical  change  corresponding  to  an 
increase  of  x,  y,  z,  .  .  .  by  the  respective 
amounts  &x  Ay,  &z,  .  .  .  The  variables,  more- 
over, may  be  so  chosen  that  X,  Y,  Z,  will  be 
analogous  to  intensities,  in  the  sense  that  they 
do  not  depend  in  any  way  upon  the  mass  or 
volume  of  the  body,  but  only  upon  its  physical 
state;  and  for  this  reason  they  are  called  the 
"intensity- factors*  At  the  same  time  the  in- 
finitesimals Ax,  Ay.Az,  .  .  (since  the  dimen- 
sions of  every  one  of  the  added  terms  must  be 
the  same  as  the  dimensions  of  energy)  will  be 
proportional  to  the  volume  of  the  body,  or  to 
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its  mass,  or  to  some  other  quality  or  attribute 
that  would  necessarily  vary  if  the  size  of  the 
body  should  vary,  without  any  change  in  X,  Y, 
Z,  The  terms  &x,  &y,  Az,  are  there- 

fore called  the  "capacity  factors*  of  the  terms 
on  the  right  of  the  equation.  Furthermore,  the 
intensity- factor  A'  will  be  of  such  a  nature  that 
its  value  within  the  body,  as  compared  with  its 
value  in  the  environment  immediately  external 
to  the  body,  determines  whether  the  energy  rep- 
resented by  AT -Ax  will  enter  the  body  or  leave  it. 

By  way  of  elucidation,  let  us  consider  the 
case  of  a  "perfect  gas,"  subject  to  variations 
such  that  any  two  of  the  three  variables^  pres- 
sure, temperature  and  volume,  will  suffice  to 
define  its  condition  at  any  given  moment ;  and 
let  us  assume  that  the  only  forms  of  energy 
to  be  considered  are  heat-energy  and  the 
energy  of  elastic  compression.  Then  the  fore- 
going equation  takes  the  form 

&E=T'  A*—  p&v, 
where  T  is  the  absolute  temperature,  ^  is  the 
entropy,  v  is  the  volume  of  the  gas,  and  p  is 
the  pressure  to  which  it  is  subject,  per  unit 
of  its  bounding  surface.  (See  Thermody- 
namics). The  first  term  on  the  right  is  then 
the  quantity  of  heat-energy  absorbed,  and  the 
second  is  the  quantity  of  compression-energy 
absorbed.  (The  negative  sign  is  affixed  to  the 
last  term  because  we  are  considering  the 
energy  added  to  the  system,  and  the  internal 
energy  due  to  compression  increases  when  v 
decreases). 

If  the  body  or  system  undergoes  any  kind 
of  a  cyclic  change,  such  that  its  final  state  is  in 
all  respects  identical  with  its  initial  state,  then 
the  algebraic  sum  of  all  the  changes  of  E  (the 
internal  or  intrinsic  energy),  summed  up  for 
the  entire  cycle,  will  be  zero;  for  if  this  were 
not  the  case,  then  by  causing  the  body  to  pass 
around  the  cycle  repeatedly,  in  one  certain  di- 
rection, we  could  obtain  an  indefinite  supply 
of  energy  from  it;  and  this  would  violate  the 
principle  of  the  conservation  of  energy.  (See 
below).  Suppose,  now,  that  in  the  special 
case  we  are  considering,  the  body  undergoes 
the  following  cycle:  (1)  With  its  temperature 
constantly  equal  to  Ti  it  passes  from  the  state 
in  which  f—fi  to  the  state  in  which 
(2)  with  ?  constantly  equal  to  *»  it  passes 
from  the  state  in  which  T~Tt  to  the  state  in 
which  7=7",;  (3)  with  T  constantly  equal  to 
Tt  it  passes  from  the  state  in  which 
to  the  state  in  which  ?=*i;  and  (4)  with 
P  constantly  equal  to  .it  returns  to  its 
initial  state,  so  that  T  changes  from  Ti  to  7Y 
In  each  stage  the  heat  absorbed  will  be  ob- 
tained by  integrating  along  the  path  that  is 
followed.  Thus  in  the  first  stage  7\  ?0 
units  of  heat  will  be  absorbed.  In  the  second 
stage  there  will  be  no  heat  absorbed,  because 
v  does  not  change.  In  the  third  stage 
Tt  (<>i  —  *i)  units  of  heat  will  be  absorbed; 
and  in  the  final  stage  no  heat  will  be  absorbed. 
But  as  T,  the  absolute  temperature,  is  essen- 
tially positive,  it  follows  that  Ti\Qi  —  — 
—  f,(<h  —  00  is  negative,  if  7\tyi  —  <>,)  is  posi- 
tive. Hence  if  heat  enters  the  body  during 
the  first  stage  of  the  cycle,  heat  is  rejected  by 
the  body  during  the  third  stage.  The  amount 
of  heat  that  is  absorbed  in  the  course  of  the 
whole  cycle  is  Tt{<t>,  —  0>)  —  7\(?«  — o>)  —  (7*i  — 
Tt)  {9t—+i),  and  in  view  of  the  principle  of 


the  conservation  of  energy,  this  must  have 
been  converted  into  some  other  form  of  energy. 
But  it  is  not  represented  by  any  increase  in  the 
internal  energy  of  the  body,  because  a  com- 
plete cycle  has  been  described,  and  the  body 
has  returned  to  its  original  state.  Hence  it 
has  been  transformed  into  mechanical  energy-. 
The  only  heat  that  has  entered  the  body  (in 
the  positive  direction)  is  the  quantity  taken  in 
during  the  first  stage  of  the  cycle.  Hence  the 
efficiency  of  the  conversion  of  heat-energy 
into  mechanical-energy  is 

cn-r.)  (*-*)  =  r.-r, 
7\<p»-o.)  r, 

The  cycle  we  have  here  considered  is  known 
as  the  Carnot  cycle,  being  named  for  the  dis- 
tinguished French  founder  of  the  mechanical 
theory  of  heat,  who  first  employed  it.  An 
analogous  cycle  can  easily  be  applied  to  any 
other  type  of  energy. 

In  the  foregoing  discussion  we  have  as- 
sumed that  the  processes  considered  are  rever- 
sible, and  that  any  change  can  take  place  in 
either  the  positive  or  negative  direction.  The 
theory  of  irreversible  changes  is  too  involved 
to  be  considered  in  the  present  article  —  and 
in  fact  it  has  not  yet  been  completely  worked 
out. 

Conservation  of  Energy.— The  physical 
law  that  is  known  by  this  name  asserts  that 
the  total  amount  of  energy  in  any  isolated 
system  is  absolutely  invariable  in  amount.  En- 
ergy may  be  added  from  without,  or  abstracted 
in  a  similar  manner  ;  but  so  long  as  no  external 
influences  are  permitted  to  interfere,  the  total 
quantity  of  energy  within  the  system  is  in- 
capable of  either  increase  or  diminution.  In 
a  simple  case  like  that  of  the  pendulum  this  is 
easily  admitted;  but  other  systems  are  easily 
imagined,  in  which  the  truth  of  the  law  is  by 
no  means  obvious.  For  example,  a  tightly- 
wound  watch-spring  possesses  potential  energy, 
in  virtue  of  which  it  may  be  caused  to  drive  a 
train  of  wheels  and  to  do  work.  But  suppose 
the  coiled  watch-spring  is  dissolved  in  an  acid 
and  meanwhile  secured  in  some  manner  so  that 
it  cannot  unwind.  What  becomes  of  the  energy 
in  the  spring?  This  question  would  be  best 
answered  by  experiment ;  but  in  the  absence  of 
experimental  data  the  conjecture  may  be  reason- 
ably made  that  the  two  sides  of  the  spring, 
being  in  different  states  of  strain,  act  like  plates 
of  different  metals  when  immersed  in  the  acid 
and  give  rise  to  electric  currents  through  the 
liquid,  whose  combined  chemical  and  thermal 
effects  correspond  precisely  to  the  potential 
energy  that  was  stored  in  the  spring  by  winding. 
The  simpler  case  of  a  bodv  falling  freely 
in  a  vacuum  is  also  somewhat  confusing  at 
first  thought,  because  although  it  may  be  ad- 
mitted that  the  potential  energy  is  used  up  by 
accelerating  the  bodv  while  it  is  falling,  it  is 
by  no  means  evident  that  the  accumulated  ki- 
netic energy  is  not  annihilated  as  soon  as  the 
body  strikes  the  ground.  But  the  energy  of 
the  falling  body  is  converted  into  heat  when 
the  visible  motion  is  suddenly  arrested,  and  the 
bodv  and  the  ground  immediately  around  it  arc 
warmed  bv  an  amount  that  corresponds  pre- 
cisely to  the  kinetic  energy  that  the  bodv  had 
immediately  before  the  arrest.  This  explana- 
tion is  not  merelv  speculative,  for  it  rests  upon 
sound  experimental  evidence.    The  arrest  of  a 
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cannon-hall  is  accompanied  by  the  generation 
of  enormous  quantities  of  heat,  and  the  wood- 
work on  battleships  is  often  set  afire  in  con- 
sequence of  the  mere  impact  of  projectiles.  The 
water  at  the  bottom  of  a  waterfall  is  measur- 
ably warmer  than  that  at  the  top;  and  the  rise 
in  temperature  that  is  observed  when  a  falling 
mass  of  lead  is  suddenly  arrested  was  used  by 
Hirn  with  remarkable  success  for  the  deter- 
mination of  the  mechanical  equivalent  of  heat. 

The  idea  that  energy  cannot  be  created  ap- 
pears to  have  been  familiar  to  Galileo,  who 
inferred  the  fact  from  a  careful  study  of  the 
simple  machines  that  were  in  use  in  his  day. 
There  appeared  to  be  many  cases  in  which 
energy  is  destroyed,  however,  and  the  indica- 
tions were,  in  fact,  that  all  mechanical  energy 
is  gradually  wasted  away  by  fractional  losses 
and  by  others  of  like  nature.  In  cases  in 
which  these  losses  do  not  exist,  or  are  neg- 
ligible, the  idea  of  the  conservation  of  the 
energies  of  a  system,  and  of  the  perpetual  trans- 
formations of  kinetic  energy  into  potential 
energy-  and  the  reverse,  proved  to  be  of  the 
greatest  service  in  simplifying  the  theoretical 
discussion  of  many  problems  in  mechanics, 
even  before  the  modern  theory  of  heat  was 
formulated.  The  motions  of  the  celestial  bodies, 
for  example,  are  much  more  easily  discussed 
by  the  aid  of  the  principle  of  conservation  of 
energy  than  they  could  be  without  it.  The 
extension  of  that  principle  so  as  to  cover  all 
the  cases  in  which  it  had  previously  appeared 
to  be  violated  could  not  be  made  until  the  fact 
was  recognized  that  heat  is  not  a  substance; 
for,  obviously,  it  was  impossible  that  a  substance 
could  be  converted  into  mechanical  energy.  In 
the  first  years  of  the  19th  century  Rumford 
made  experiments  tending  to  prove  that  heat  is 
not  a  substance,  and  he  appears  to  have  been 
convinced,  in  his  own  mind,  of  the  correctness 
of  his  novel  views.  A  quarter  of  a  century 
later  Carnot  probably  reached  the  same  con- 
clusion, if  we  may  judge  from  the  note-book 
that  he  left  among  his  papers.  It  was  not  until 
about  1840,  however,  that  the  great  steps  were 
taken  that  led  to  the  establishment  of  our  pres- 
ent views.  Several  eminent  names  are  con- 
nected with  these  beginnings  of  the  modern 
theory  of  heat  and  it  is  difficult  to  apportion 
the  credit  among  them  justly.  Prominent 
among  these  names  are  those  of  Seguin,  Mayer, 
Colding  and  Joule-  but  it  is  undoubtedly  to 
Mayer  and  Joule  that  we  are  chiefly  indebted 
for  the  new  ideas,  and  the  controversies  that 
were  rife  at  one  time  concerning  the  credit  that 
should  be  given  to  different  investigators  for 
their  work  along  this  line  were  mainly  confined 
to  a  discussion  of  the  priority  and  the  relative 
importance  of  the  contributions  of  these  two 
men. 

Dr.  Julius  Robert  Mayer,  an  obscure  physi- 
cian of  Heilbronn,  Germany,  who  had  had  some 
professional  experience  in  the  island  of  Java, 
had  observed  that  the  venous  blood  of  the 
Javanese  often  exhibits  the  brilliant  red  color 
that  is  commonly  observed  only  in  the  highly 
oxygenated  blood  of  the  arterial  circulation; 
and  after  much  reflection  he  came  to  the  con- 
clusion that  this  is  because  a  lesser  amount  of 
oxidation  suffices  to  maintain  the  temperature 
of  the  body  in  a  hot  climate  than  would  be 
required  in  a  cooler  one.  These  observations 
were  made  in  the  summer  of  1840.    In  May 


1842  he  published,  in  Liebig's  Annalen,  a 
paper  entitled  'Remarks  on  the  Forces  of  In- 
organic Nature,'  in  which  he  gave  a  preliminary 
account  of  his  discovery.  Here  he  presents  the 
general  outline  of  the  new  theory  very  clearly, 
and  the  grasp  of  the  subject  that  he  displays  at 
this  early  date  is  truly  wonderful.  The  locomo- 
tive itself  was  then  a  great  novelty,  but  he  uses 
it  to  illustrate  the  transformation  of  heat  into 
mechanical  energy  and  back  again  in  the  fol- 
lowing sentence,  which  would  be  a  credit  to 
the  most  advanced  physicist  of  to-day:  "Our 
locomotives  may  be  compared  to  distilling  ap- 
paratus ;  the  heat  beneath  the  boiler  passes  into 
the  motion  of  the  train,  and  is  again  deposited 
as  heat  in  the  axles  and  wheels."  In  1845  he 
published  a  second  and  much  more  remarkable 
paper  entitled  'Organic  Motion  in  its  Connec- 
tion with  Nutrition,'  in  which  he  gives  a  de- 
tailed calculation  of  the  mechanical  equivalent 
of  heat,  from  the  known  specific  heats  of  air. 

The  contributions  of  Tames  Prescott  Joule, 
of  Manchester,  England,  to  the  mechanical 
theory  of  heat  and  the  conservation  of  energy 
were  the  natural  outcome  of  investigations  that 
he  had  been  making  upon  the  heating  effects  of 
electric  currents.  His  first  paper  that  distinctly 
enunciated  the  new  conception  of  heat  as  a 
form  of  energy  was  read  at  Cork,  in  1843, 
before  the  British  Association,  and  was  entitled 
<On  the  Calorific  Effects  of  Magneto- Electricity, 
and  on  the  Mechanical  Value  of  Heat.'  As 
first  written  it  was  very  involved,  and  Faraday, 
who  appears  to  have  failed  to  grasp  its  exceed- 
ing importance,  advised  Joule  not  to  submit  it. 
He  did  submit  it,  however,  and  in  it  he  gave  a 
number  of  estimates  of  the  mechanical  equiva- 
lent of  heat.  The  paper  apparently  did  not 
greatly  impress  either  the  British  Association 
or  the  outside  world;  for  when  Joule  broupht 
the  subject  up  again  before  the  same  association 
in  1847  he  had  an  experience  that  is  test  de- 
scribed in  his  own  words:  "The  chairman 
suggested  that,  as  the  business  of  the  section 
pressed,  I  should  not  read  my  paper,  but  con- 
fine myself  to  a  short  verbal  description  of  my 
experiments.  This  I  endeavored  to  do,  and 
discussion  not  being  invited,  the  communication 
would  have  passed  without  comment  if  a  young 
man  had  not  risen  in  the  section,  and  by  his 
intelligent  observations  created  a  lively  interest 
in  the  new  theory."  The  young  man  was  Lord 
Kelvin,  then  simply  William  Thomson,  two 
years  out  of  college.  In  later  years  Joule  ob- 
tained far  better  values  for  the  mechanical 
equivalent  of  heat,  and  spent  much  of  his  time 
devising  and  executing  new  methods  for  its 
determination. 

In  England  and  the  United  States  Joule  is 
commonly  credited  with  the  discoverv  of  the 
true  nature  of  heat;  but  in  Europe  the  honor 
is  frequently  given  to  Mayer.  Tyndall  compares 
the  two  very  fairly.  "Withdrawn  from  mechan- 
ical appliances,*  he  says,  "Mayer  fell  back  upon 
reflection,  selecting  with  marvelous  sagacity, 
from  existing  physical  data,  the  single  result  on 
which  could  be  founded  a  calculation  of  the 
mechanical  equivalent  of  heat.  In  the  midst  of 
mechanical  appliances,  Joule  resorted  to  experi- 
ment, and  laid  the  broad  and  firm  foundation 
which  has  secured  for  the  mechanical  theory 
the  acceptance  it  now  enjoys.  A  great  portion 
of  Joule's  time  was  occupied  in  actual  manipu- 
lation; freed  from  this,  Mayer  had  time  to 
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follow  the  theory  into  its  most  abstruse  and 
impressive  applications.  With  their  places  re- 
versed, however,  Joule  might  have  become 
Mayer,  and  Mayer  might  have  become  Joule." 

In  1847  Helmholtz  published  his  remarkable 
paper  entitled  'On  the  Conservation  of  Energy,' 
in  which  the  subject  was  presented  with  great 
generality  and  clearness,  and  which  had  a  pro- 
found influence  in  spreading  the  new  doctrine 
which  taught  that  no  energy  is  ever  created  or 
annihilated,  but  that  we  nave  to  do  merely 
with  endless  transformations  of  it  from  one 
form  into  another.  Attempts  have  heer.  made 
to  deduce  the  principle  of  the  conservation  of 
energy  from  the  general  laws  of  mechanics,  and 
in  many  special  cases  these  attempts  have  been 
successful,  though  they  cannot  be  in  al!  cases, 
because  systems  arc  easily  imagined  in  which 
the  law  is  not  fulfilled.  The  point  is,  however, 
that  these  imaginary,  non-conservative  systems 
apparently  do  not  exist  in  nature.  In  allusion 
to  the  twofold  nature  of  the  subject  ( that  is, 
the  mathematical  and  physical  aspects),  it  has 
been  humorously  said  that  everybody  believes 
firmly  in  the  conservation  of  energy,  because 
the  mathematicians  believe  it  to  be  a  fact  of 
observation,  while  the  physicists  b;lieve  it  to 
be  a  theorem  in  mathematics.  It  is  now  gen- 
erally admitted,  however,  to  be  a  fact  of  ob- 
servation, the  truth  or  falsity  of  which  is  to 
be  established  by  experiment.  Helmholtz  proved 
that  in  any  system  composed  of  particles  moving 
about  in  paths  or  orbits,  and  subject  only  to 
"central  forces"  (that  is,  to  forces  that  act 
always  toward  fixed  centres  or  foci,  or  which 
act,  between  every  pair  of  particles,  along  the 
line  adjoining  their  centres),  the  energy  must 
be  conserved,  if  the  ordinary  laws  of  theoretical 
mechanics  hold  true  for  the  motions  of  the 
particles  of  which  the  system  consists.  Hence, 
if  it  be  admitted  that  all  matter  consists  of 
atoms  that  act  upon  one  another  only  by  forces 
that  arc  central,  a  long  step  has  been  taken 
toward  proving  the  law  for  all  material  systems. 
Unfortunately,  however,  wc  are  not  sure  that 
central  forces  are  the  only  ones  that  act  upon 
the  atom.  It  is  an  interesting  fact  that  it  was 
the  study  of  the  processes  of  organic  nature 
that  gave  Mayer  his  first  inspiration  concerning 
the  true  nature  of  heat,  and  yet  it  is  precisely 
here  that  the  only  doubt  as  to'  the  entire  gener- 
ality of  the  law  of  conservation  now  exists. 
The  most  general  test  that  can  be  applied  to  a 
system  to  enable  us  to  judge  from  theoretical 
considerations  whether  it  is  conservative  or  not 
is  this :  Let  the  system  be  protected  from  ex- 
ternal influences,  and  then,  at  a  given  instant, 
conceive  the  motion  of  every  one  of  its  particles 
to  be  precisely  reversed  in  direction,  without 
being  modified  in  any  other  way.  If,  when  left 
to  itself,  the  system  would  then  retrace  its  pre- 
vious history  so  that  the  events  of  that  history 
would  recur  in  reverse  order,  the  conservation 
of  energy  is  rigorously  fulfilled  in  it.  If,  on  the 
other  hand,  the  system  would  not  so  retrace  its 
history,  we  cannot  affirm  that  it  is  conservative, 
but  must  test  the  point  by  a  direct  appeal  to 
experiment.  Now,  although  this  crucial  con- 
dition is  frequently  fulfilled  in  inorganic  nature, 
we  certainly  cannot  assert  it  to  be  true  in  con- 
nection with  living  matter,  even  with  respect 
to  the  meanest  fungus.  Hence  we  cannot,  from 
reasoning  based  on  the  inorganic  world  alone, 
draw  any  sound  conclusion  whatever  about  the 


conservation  of  energy  in  the  organic  changes 
that  occur  in  living  tissues.  To  reach  such  con- 
clusions for  the  living  animal,  wc  must  weigh 
and  analyze  the  food  administered  and  the 
excreta  given  off ;  we  must  determine  the 
oxygen  absorbed  and  the  carbon  dioxide  and 
other  products  exhaled ;  and  we  must  measure 
the  heat  given  out  and  the  external  work  per- 
formed. When  these  things  have  been  weighed, 
measured  and  analyzed  for  a, sufficient  period 
and  with  the  necessary  precision,  then,  and 
then  only,  shall  wc  be  competent  to  affirm  or 
deny  the  truth  of  the  conservation  of  energy 
in  the  animal  machine.  Such  data  are  difficult 
to  obtain,  but  much  has  been  done  in  this  direc- 
tion, and  while  we  are  not  yet  prepared  to 
establish  it  as  a  fact,  beyond  controversy,  that 
energy  is  conserved  in  the  animal  body,  all  the 
data  that  wc  have  point  to  this  conclusion  and 
it  is  now  commonly  admitted  to  be  true. 

The  fact  that  energy  (like  matter)  cannot 
be  either  created  or  destroyed  has  led  physicists 
to  speak  of  it  as  though  it  were  a  real  thing, 
having  an  objective  existence.  It  is  useful  to 
think  of  it  in  this  way,  and  convenient  to  speak 
of  "converting0  energy  from  one  form  into 
another.  In  reality,  however,  it  is  no  more  a 
real  thing  than  is  momentum,  or  "action0  (which 
figures  prominently  in  modem  theoretical  me- 
chanics). In  pure  mathematics  the  theory  of 
transformations  makes  us  familiar  with  the  idea 
of  "invariant"  functions  and  configurations, 
which  retain  their  forms  or  values  when  sub- 
jected to  the  given  transformations.  It  is  more 
logical  to  think  of  energy  as  being  a  similar 
invariant  under  the  physical  transformations 
that  the  existing  universe  and  its  contents  can 
undergo.  If  this  be  admitted,  then  the  discus- 
sions that  arc  now  often  encountered,  in  which 
the  possibility  of  energy  having  a  molecular 
structure  is  considered,  must  be  taken  in  a 
figurative  sense  only.  It  is  quite  possible  that 
it  is  given  out  discontinuously  in  connection 
with  radiation  phenomena,  just  as  the  water 
handled  by  a  "bucket  brigade,"  at  a  fire,  is  de- 
livered discontinuously ;  but  the  question  as  to 
whether  or  not  energy  ha>  a  molecular  struc- 
ture, or  a  structure  of  any  other  kind,  appears 
to  have  no  physical  meaning,  when  interpreted 
in  any  strict  sense.  (For  the  "quantum  hypothe- 
sis" of  Planck,  see  Radiation) .  For  an  interest- 
ing expression  of  Planck's  own  view  on  the 
molecular-structure  conception,  after  he  had 
given  it  mature  thought,  consult  his  'Lecons  de 
thcrmodynamique,>  Chevassus*  translation,  1913, 
page  307. 

The  first  systematic  paper  on  the  general 
theory  of  energetics  (as  distinguished^  from 
writings  on  the  conservation  of  energy  and  on 
the  mechanical  theory  of  heat)  was  Rankinc's 
'Outlines  of  the  Science  of  Energetics,'  read 
before  the  Philosophical  Society  of  Glasgow  on 
2  May  1855,  although  Rankine.  two  years  before 
that  time,  had  read,  before  the  same  society,  a 
somewhat  analogous  paper  containing  the  germs 
of  the  later  one,  and  entitled  'On  the  General 
Law  of  the  Transformation  of  Energy.'  The 
phrase  "potential  energy"  occurs  in  the  earlier 
of  these  papers,  for  the  first  time. 

Bibliography. —  Carnot,  'Reflections  on  the 
Motive  Power  of  Heat'  (Thurston's  transla- 
tion); Gausius,  'Mechanical  Theory  of  Heat' 
(Browne's  translation)  ;  Duhcm,  'Traite  ele- 
mcntaire   de   mecanique  chimique,'    and  'Le 
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Equilibrium  of  Heterogeneous  Substances'; 
Helm,  'Die  Encrgetik' ;  Helmholtz,  'Ucber 
die  Erhaltung  der  Kraft*;  Joule,  'Scientific 
Papers';  Ncrnst,  'Theoretical  Chemistry,'  and 
'Thermodynamics  and  Chemistry*;  Stewart, 
'The  Conservation  of  Energy' ;  van't  Hoff, 
'Lois  de  I'equilibrc  chimique.'  See  also 
Mechanics;  Perpetual  Motion;  Radiation; 
Radioactivity;  Thermodynamics. 

Allan  D.  Risteen, 
Director  Technical  Research,  The  Travelers 
Insurance  Company. 

ENERGISM,  the  name  given  by  many  phil- 
osophical writers  to  the  neo-Aristotelian  view 
concerning  the  chief  ultimate  goal  of  human 
life.  It  is  summed  up  in  the  dictum,  "the  goal 
at  which  the  will  of  every  living  creature  aims 
is  the  normal  exercise  of  the  vital  functions 
which  constitute  its  nature."  Energism  is,  op- 
posed to  Kndx  monism,  which  puts  pleasure 
as  the  chief  goal  of  human  life.  Consult 
Paulsen,  'System  der  Ethik>  (Berlin  1894; 
English  trans.,  1899). 

ENERGUMEN,  £n-er-gu'mcn,  a  person 
controlled  or  "worked  up"  (flepyoi  pevoc)  by  evil 
spirits.  The  word  is  in  common  use  in  the 
writings  of  the  Greek  and  Latin  fathers;  it  is 
equivalent  to  the  (iai/tovityevos)  (possessed  by  a 
devil)  of  the  New  Testament.  In  the  3d  cen- 
tury' the  churches  kept  registers  of  their  ener- 
gumens  and  dealt  with  them  much  as  though 
they  were  lepers ;  they  were  supported  by  the 
alms  of  the  faithful  and  lodged  in  dwellings 
near  the  churches.  The  treatment  of  ener- 
gumens  and  their  relationship  to  the  Church 
was  discussed  at  and  regulated  by  a  number  of 
synods,  especially  by  that  held  at  Orange  in 
441  and  usually  known  as  Concilium  Arausi- 
cana.  Sec  Exorcism.  Consult  Hefele  K.  L. 
'A  History  of  the  Councils  of  the  Church' 
(translated  by  W.  R.  Clark  and  others.  Vol  III, 
Edinburgh  1883). 

ENERGY,  Conservation  of.  See  Ener- 
getics. 

ENEURESIS,  a  symptom  of  many  diseases 
of  the  bladder  resulting  in  incontinence  or  in- 
voluntary passing  of  urine.  It  is  a  prevalent 
malady  of  childhood  and  only  becomes  of  im- 
portance after  the  period  of  infancy,  when  the 
child  should  have  learned  to  control  the  bladder. 
The  control  of  the  bladder  is  in  part  a  matter 
of  conscious  effort,  and  has  its  representation  in 
the  higher  brain-centres.  Bladder-control  is 
also  exercised  by  that  portion  of  the  sympa- 
thetic nervous  system  found  in  the  solar  and 
sacral  plexuses,  and  likewise  in  a  number  of 
cells  in  the  spinal  cord  situated  in  the  lumbar 
region.  Interference  with  the  action  of  any  or 
all  of  these  centres  may  result  in  eneuresis. 
Disease  of  the  spinal  cord  may  cause  excessive 
irritation  of  the  sympathetic  nervous  system 
and  may  result  in  nocturnal  encurcsis,  and  the 
cutting  off  of  the  cerebral  control  may  also 
bring  about  this  condition.  During  deep  sleep 
the  cerebral  control  is  usually  cut  off,  account- 
ing thus  for  the  prevalence  of  encurcsis  in  deep 
sleep  in  children.  Very  frequently  the  imme- 
diate cause  of  eneuresis  is  some  form  of  local 
irritation.  This  is  particularly  prevalent  in 
young  girls,  and  should  alwavs  be  removed,  if 
possible,  in  the  treatment.    Drug  medication  is 


—  ENFIELD  388 

extremely  unsatisfactory  for  this  condition. 
The  most  efficient  measures  consist  in  building 
up  the  general  nervous  system  of  the  patient 
by  tonics,  cold  baths  and  exercise  in  the  open 
air. 

ENFANTIN,  Sri-fon-tah,  Barthelemy 
Prosper,  French  socialist  of  the  Saint-Simon 
school:  b.  Paris,  8  Feb.  1796;  d.  there,  31  May 
1864.  He  was  the  son  of  a  Paris  banker,  and 
after  studying  for  some  years  at  the  fccole 
Polytcchnique  went  into  business.  After  trav- 
eling extensively  for  a  number  of  years  he  set- 
tled in  Paris  in  1823.  In  1825  he  first  met 
Saint-Simon  (q.v.)  and  became  strongly  inter- 
ested in  his  political  and  economic  theories. 
After  the  July  revolution  of  1830  Enfantin 
associated  himself  with  Bazard  for  the  active 
propagation  of  Saint-Simonism.  They  became 
the  supreme  heads  of  the  sect.  Bazard  ex- 
pounded it  in  its  relations  to  philosophy  and 
politics;  Enfantin  mainly  in  its  relations  to 
the  social  state.  They  established  a  paper, 
called  Globe,  in  which  they  propagated  their 
views.  Soon,  however,  a  schism  broke  out 
Iwtween  the  two  on  the  question  of  marriage 
and  the  relation  of  the  sexes,  for  his  views  on 
which  Enfantin  was,  in  1832,  sentenced  to  one 
year's  imprisonment  and  to  pay  a  fine  of  100 
francs.  This  broke  up  a  model  community, 
which,  together  with  40  of  his  disciples,  he  had 
founded  at  Menilmontant  after  the  break  with 
Bazard  and  where  he  was  known  as  "Le  pere.» 
Being  released  from  prison  at  the  expiration  of 
a  few  months  he  went  to  Egypt.  He  was  sub- 
sequently appointed  a  member  of  the  scientific 
commission  for  Algiers,  and  on  his  return  from 
Africa  published  'Colonization  of  Algeria' 
(Paris  1843).  At  this  time  he  became  again 
actively  interested  in  business  and  in  1845  was 
made  director  of  the  Paris-Lyon  Railway. 
After  the  revolution  of  1848  he  founded  and 
edited  the  journal  Le  Crtdit,  which  stopped 
publication  in  1850.  He  was  then  made  admin- 
istrator of  the  Lyon  Railway,  in  which  position 
he  was  quite  successful  and  which  he  occupied 
until  his  death.  His  library  of  1,018  volumes 
and  63  manuscripts  he  left  to  the  Library  of 
the  Arsenal  at  Paris.  His  various  writings,  all 
on  economic  and  political  subjects,  have  been 
published  together  with  those  of  Saint-Simon 
as  'Oeuvres  de  Saint-Simon  et  d'Enfanrin'  (47 
vols..  Paris  1865-78).  Consult  Howse,  E.  S., 
'Enfantin  and  Saint-Simon'  (in  Theological 
Review.  Vol.  IX,  p  50.  London  1872). 

ENFANTS  DE  DIEU,  on-fan-de-dye,  a 
name  of  the  French  Camisards  (q.v.). 

ENFANTS  PERDUS,  per-du  ("lost  chil- 
dren*), in  military  parlance  the  men  appointed 
to  perform  some  exceedingly  hazardous  duty 
from  which  their  chances  of  returning  safely 
are  practically  nil.  Our  English  equivalent 
phrase  is  "a  forlorn  hope." 

ENFEOFFMENT,  crt-feTmcnt,   (1)  the 
act  of  bestowing  or  investing  with  a  freehold 
.  estate ;  (2)  the  instrument  or  deed  by  which  such 
estate  is  conveyed;   (3)  the  estate  so  conveyed. 
See  Fee-simple. 

ENFIELD,  Conn.,  town  in  Hartford 
County,  on  the  Connecticut  River  and  the  New 
York,  New  Haven  and  Hartford  Railroad,  15 
miles  north  of  Hartford.  Its  chief  manu- 
factures   are   carnets    shoddy,    powder,  filter 
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presses,  supplies  for  undertakers  and  bicycles, 
and  it  has  large  brick  works.  A  large  amount 
of  the  now  celebrated  Connecticut  tobacco  is 
here  prepared  for  use  and  shipped  to  different 
parts  of  the  world.  Shaker  Station  is  a  part 
of  the  town  (see  Shakers).  It  contains  a 
Carnegie  library.  The  government  is  adminis- 
tered by  town  meetings.    Pop.  11,006. 

ENFIELD,  England,  a  market  town  in  the 
county  of  Middlesex  on  New  River,  nine  miles 
northeast  of  London.  Enfield  is  the  seat  of  the 
well-known  government  manufactory  of  rifles 
and  small-arms,  and  the  standard  rifle  used  in 
the  British  army  is  made  here.  At  Cufflcy, 
three  miles  north  of  Enfield,  the  first  Zeppelin 
to  be  brought  down  on  English  soil  was  shot 
down  on  3  Sept.  1916  by  Flight- Lieutenant 
Robinson,  who  was  awarded  the  Victoria  Cross 
for  the  daring  deed.  The  airship  fell  headlong, 
sinking  to  the  ground  in  flames,  and  the  mem- 
bers of  the  crew  burned  to  death.   Some  noted 

Ceoplc  have  lived  in  Enfield.  See  Beaconsfield  ; 
.amb;  Keats.   Pop.  56,388. 

ENFIELD  RIFLE,  a  muzzle-loading  rifle 
used  in  the  British  army  prior  to  the  introduc- 
tion of  the  breech-loading  system.  It  was  also 
used  in  the  United  States  during  the  Civil  War 
by  the  Northern  army,  when  Springfields  could 
not  be  obtained,  and  by  the  Confederate  army. 
In  England  large  numbers  of  these  rifles  were 
converted  into  breech-loaders  on  the  Snider 
principle  and  were  known  as  the  Snider-Enfield 
or  simply  Snider.  The  Enfield  rifle  must  not 
be  confused  with  the  recent  British  Lee-Enfield, 
which  is  a  modified  Mauser. 

ENFILADE,  en-fl-lad'  (from  the  Fr.  en- 
filer),  in  the  military  art,  is  to  rake  by  fire  the 
enemy's  trenches  or  positions  along  the  whole 
length.  In  conducting  the  approaches  at  a  siege 
care  must  be  taken  that  the  trenches  be  not  en- 
filaded from  any  part  of  the  place  besieged.  To 
avoid  this  they  arc  generally  cut  in  a  zigzag. 
The  same  principle  holds  true  of  trench  war- 
fare, where  the  boyaux  or  communicating 
trenches  are  zigzagged  and  the  firing  trenches 
are  interrupted  by  traverses. 

ENFLEURAGE,  fm-fle-razh,  in  perfume- 
making,  the  method  of  extracting  by  contact 
and  absorption  the  scents  of  flowers  used  for 
perfumery.  For  this  purpose  wooden  frames 
containing  glass  smeared  with  pure  grease  are 
filled  with  flowers,  which  are  allowed  to  remain 
from  one  to  six  days.  The  grease  gradually 
absorbs  the  scent,  the  flowers  being  renewed 
from  time  to  time.  The  scent  is  afterward 
separated  from  the  grease  by  soaking  the  latter 
in  strong  spirits  of  wine.  Sometimes  wire 
frames  covered  with  cotton  cloths,  saturated 
with  fine  olive-oil,  are  used  instead  of  glass. 
In  this  manner  the  most  delicate  odors  are 
extracted  from  flowers  which  would  be  lost  in 
the  process  of  distillation.  This  process  is  em- 
ployed especially  in  the  south  of  France.  It 
is  rather  complicated,  and  has  the  disadvantage 
of  permitting  the  flowers  to  come  into  direct 
touch  with  the  grease  and  imparting  to  it  possi- 
bly some  impurities.  In  modem  perfume  fac- 
tories the  process  of  enfleurage,  therefore,  is 
frequently  accomplished  by  placing  flowers  and 
grease  in  separate  containers.  A  current  of  air 
is  created  by  means  of  an  exhaust  fan  in  such 
a  manner  that  it  passes  first  over  the  flowers 


and  later  over  the  grease,  which  latter  rapidly 
absorbs  the  odors  originated  by  the  flowers. 
Another  method  consists  of  passing  a  current 
of  carbonic  acid  gas  through  a  tin  box  con- 
taining fresh  flowers  and  then  into  a  glass  jar 
of  strong  alcohol  cooled  by  water.  The  car- 
bonic acid  absorbs  the  odors  of  the  flowers, 
which,  in  turn,  is  absorbed  by  the  alcohol.  Con- 
sult Askinson,  G.  W.,  *  Perfumes  and  Cos- 
metics, their  Preparation  and  Manufacture' 
(translated  from  the  German  by  YV.  L.  Dudley 
and  others,  New  York  1915)  ;  Rolet,  A.  V., 
'Les  Essences  et  les  Parfums'  (Paris  1907); 
Picssc,  G.  W.  S.,  'Chimic  des  Parfums  et 
Fabrication  des  Essences'  (Paris  1917). 

ENG  AND  CHANG.  Sec  Siamese  Twins 

ENGADINE,  en-ga-den',  a  beautiful  valley 
in  Switzerland,  in  the  Grisons,  on  the  banks  of 
the  Inn,  bordering  on  the  Tyrol.  The  extent  of 
the  valley  is  60  miles  and  it  has  an  area  of  653 
square  miles.  The  language  generally  spoken 
is  the  Ladin,  a  branch  of  the  Romanic  tongue. 
Several  towns  and  villages  are  situated  in  the 
valley,  which  is  visited  by  numbers  of  strangers 
on  account  of  its  picturesque  beauty  and  its 
mineral  springs  as  well  as  its  invigorating 
climate.    Pop.  12,193. 

ENGAGEMENT.    See  Betsothment. 

ENGAGEMENT,  Military,  a  minor  battle 
or  encounter  in  which  all  the  parts  or  divisions 
of  the  contending  armies  do  not  have  a  part. 
Engagements  or  skirmishes  usually  occur  when 
major  forces  are  being  manoeuvred  for  position 
to  secure  the  advantage  in  a  pitched  battle.  See 
Military  Science;  Tactics,  Military. 

ENGANO,  en-ga'no.  an  island  of  the  Malay 
Archipelago,  60  miles  south  of  Sumatra.  It  is 
covered  with  forests  and  surrounded  by  coral 
reefs;  area,  including  several  small  adjacent 
islands,  300  square  miles.  The  natives  are 
Malays. 

ENGEDI,  en-ge'df  or  en'ge-di  (Heb. 
"Fountain  of  the  Goat*),  on  the  western  shore 
of  the  Dead  Sea,  about  30  miles  southeast  of 
Jerusalem.  The  modern  Arabic  name  is  Ain- 
Jidy.  The  ancient  name  was  applied  also  to  the 
eastern  part  of  the  wilderness  of  Judah.  The 
city  in  the  time  of  Abraham  was  called 
Hazazon-tamar  (Gen.  xiv,  7),  the  tamar  mean- 
ing palm  tree.  In  1  Samuel  xxiv  mention  is 
made  of  David  fleeing  into  the  wilderness  of 
Engedi  to  escape  from  Saul.  There  are  nu- 
merous other  references  to  the  place  in  the  Old 
Testament.  In  modern  times  nothing  remains 
except  the  never-changing  effectiveness  of  the 
scenery  arising  from  the  combination  of  steep 
cliffs,  the  Dead  Sea,  strange  vegetables,  balmy 
air  and  almost  excessive  quietness.  Consult 
Robinson,  E.,  'Biblical  Researches  in  Palestine, 
etc>  (Vol.  II.  Boston  1841);  Wilson,  Sir  C. 
\V..  'Picturesque  Palestine >  (Vol.  I,  London 
1884). 

ENGEL,  Ernst,  German  statistician:  b. 
Dresden.  1821;  d.  Berlin.  1896.  After  a  pre- 
liminary education  he  took  up  the  study  of 
n  ining'enginecring  at  Freiberg  and  Paris.  For 
a  time  he  was  a  member  of  the  commission 
investigating  industrial  and  labor  conditions  in 
Saxony,  and  in  1850  was  appointed  chief  of  the 
Royal  Bureau  of  Statistics  at  Dresden.  He  re- 
signed in  1858  and  was  made  chief  of  the  Saxon 
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Mortgage  Insurance  Company,  but  two  years 
later  became  director  of  the  Prussian  Bureau 
of  Statistics,  from  which  he  retired  in  1882.  He 
was  one  of  the  most  efficient  of  modem  statis- 
ticians and  his  investigations  into  the  social 
condition  of  the  working  classes  have  proved 
invaluable.  He  wrote  'Die  Mcthodcn  dcr 
Volkszahlung'  (1861);  'Land  und  Leute  des 
Preussischcn  Staatcs>  (1863);  'Das  Zcitalter 
des  Dampfcs>  (1881). 

ENGEL,  Franz,  German  explorer:  b. 
Robel,  Mecklenburg-Schwcrin,  1834.  He  trav- 
eled extensively  in  South  America  in  the  years 
1857-63  and  published  the  results  of  his  ex- 
plorations in  several  valuable  volumes,  including 
'Studien  unter  den  Tropen  Amcrikas*  (2d  ed., 
1879);  'Aus  dem  Pflanzerstaate  ZuhV  (1881). 
From  1872  to  18%  he  published  the  Landwirtk- 
schafiliche  Jahrbucher. 

ENGEL,  Johann  Christian  von,  Hun- 
garian historian:  b.  Teutschau,  Hungary, 
1770;  d.  1814.  He  received  his  education  at 
the  University  of  Gottingen,  where  Heyne  and 
Schlozer  were  among  his  teachers.  He  wrote 
several  historical  works  which  in  their  day 
were  treasure-houses  of  knowledge  and  scholar- 
ship. He  was  the  first  to  put  the  history  of 
Hungary  on  a  sound  scholarly  basis.  In  1812 
he  was  ennobled.  His  greatest  works  are 
'Geschichtc  des  ungarischen  Reichcs  und  seine 
Nebenlander'  (5  vols.,  1797-1804);  and 
'Geschichte  des  Konigreichs  Ungam,  (5  vols., 
1814). 

ENGEL,  Johann  Jakob,  German  prose 
writer:  b.  Parchim.  11  Sept.  1741;  d.  there,  28 
June  1802.  On  the  accession  of  King  Fred- 
erick William  III  of  Prussia,  whose  tutor  he 
had  been,  he  was  invited  by  his  former  pupil 
to  Berlin,  where  he  made  himself  exceedingly 
useful  in  the  Academy  of  Sciences  by  his  writ- 
ings. Among  his  philosophical  works  may  be 
mentioned  his  'Dcr  Philosoph  fur  die  Welt,* 
distinguished  for  acute  observations  on  men  and 
manners,  enlivened  by  elegant  illustrations.  Of 
a  similar  character  is  his  'Mirror  for  Princes' 
(Furstenspiegel).  His  'Idccn  zu  einer  Mimik,' 
full  of  taste,  acuteness  and  knowledge  of 
human  nature,  may  be  regarded  as  a  kind  of 
manual  for  actors.  Anxious  to  make  the 
German  theatre  the  mirror  of  the  national 
life,  he  wrote  several  plays,  but  they  were  of 
little  merit — 'Dcr  dankbare  Sohn';  'Edel- 
knaben,'  etc.  His  'Lorenz  Stark,'  a  novel,  is 
a  masterly  picture  of  life  and  manners.  A 
complete  edition  of  his  works  appeared  at 
Berlin  (1801-06). 

ENGEL,  Joseph,  Austrian  anatomist:  b. 
Vienna,  1816;  d.  18°9.  He  was  appointed  pro- 
fessor of  anatomy  at  Zurich  in  1844  and  later 
the  chair  of  physiology  fell  to  him  also.  Five 
years  afterward  he  was  appointed  to  the  chair 
of  pathological  anatomy  at  the  University  of 
Prague.  In  1854  he  became  professor  of  an- 
atomy at  the  Joscphakademic,  Vienna,  in  which 
position  he  remained  until  1874.  He  made 
many  important  contributions  to  the  system- 
atization  of  anatomical  science  and  its  study. 
His  principal  works  are  'Lehrbuch  dcr  pathol- 
ogischen  Anatomic.'  and  'Kompendium  dcr 
topographischen  Anatomic'  (1859). 

ENGEL,  Karl  Dietrich  Leonhard,  German 
musician    and   writer:    b.    grand   duchy  of 
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Oldenburg,  21  Feb.  1824.  He  went  to  Russia 
as  a  violin  virtuoso  at  the  age  of  18,  becoming 
a  member  of  the  Imperial  Orchestra  at  Saint 
Petersburg  at  22,  and  later  its  concert-master. 
He  went  to  Dresden  in  1869  and  took  up  his 
residence  there.  Among  his  works  are 
♦Deutsche  Puppen  Komodicn'  (1874-93); 
'Das  Volksschauspiel  Doktor  Johann  Faust' 
(2d  cd.,  1882) ;  'Zusammenstellung  der  Faust- 
schriften  vom  16  Jahrhundert  bis  Mitte  1884' 
(2d  ed.,  1884);  'Die  Don  Juan  Sage  auf  dcr 
Biihne'  (1887).  His  musical  compositions  in- 
clude a  concerto  in  B  minor  and  the  humorous 
fantasy  entitled  'Judischcr  Carneval.' 

ENGELBERG,  Switzerland,  a  noted  health 
resort,  situated  in  Unterwalden  Canton,  in  the 
Engelberg  Valley,  about  3,500  feet  above  sea- 
level,  and  15  miles  south  of  Lucerne.  It  is  the 
scat  of  a  Benedictine  monastery,  dating  from 
the  12th  century,  with  a  library  of  20,000 
volumes,  including  incunabula  and  manuscripts 
of  great  value.  Connected  with  the  monastery 
is  a  gymnasium  which  was  founded  in  the  11th 
century^Chccse-making  is  the  main  industry. 

ENGELBERT,  Bohemian  monastic  author: 
b.  Volkersdorf,  Styria,  about  1250;  d.  1331. 
He  received  his  education  at  Prague  and  Pad- 
ua, entered  the  order  of  the  Benedictines  and 
in  1297-1327  was  abbot  of  Admont,  Styria. 
He  is  best  known  to  scholars  through  his 
Roman  history;  entitled  'Dc  Ortu,  Progrcssu 
et  Fine  Imperii  Romani,'  which  has  gone 
through  numerous  editions.  For  other  works 
of  this  author  consult  'Thesaurus  Anecdoto- 
rum  Novissimus'  (1721)  and  'Bibliotheca 
Ascetica  Antiquo-nova»  (1723-25). 

ENGELBERT,  Saint,  archbishop  of  Co- 
logne: b.  Berg.  1185;  d.  1225.  In  1206  he  was 
excommunicated,  but  was  restored  to  friendly 
relations  with  the  Church  and  icinstated  two 
years  later.  In  1216  he  was  appointed  arch- 
bishop of  Cologne.  He  was  one  of  the  most 
progressive  men  of  his  age;  he  greatly  im- 
proved the  administration  and  governmental 
methods  of  his  see;  patronized  agriculture,  the 
industries  and  art,  and  opposed  the  repressive 
and  cruel  methods  of  the  feudal  barons.  He 
reformed  the  electorate  and  after  1220  was  ad- 
ministrator of  the  empire.  In  1222  he  crowned 
Henry  VII.  He  was  assassinated  by  hirelings 
of  his  nephew  whom  he  had  accused  of  mal- 
administration. He  is  commemorated  as  a 
martyr  on  7  November,  although  he  has  never 
been  formally  canonized.  Consult  Stoffel. 
'Engelbcrt  der  Reichsvcrweser*  (Elberfcld 
1893). 

ENGELBRECHT,    Theodor  Heinrich, 

German  geographer:  b.  Obendeich,  Schleswig- 
Holstein,  1853.  He  acquired  his  education  at 
the  universities  of  Leipzig  and  Strassburg,  and 
in  1911  received  the  honorary  degree  of  doctor 
from  the  University  of  Breslau.  In  18°5  he 
became  a  member  of  the  Free  Conservative 
party  in  the  House  of  Deputies.  His  works  in- 
clude 'Die  Landbauzonen  der  aussertropischen 
Lander'  (3  vols.,  18°9).  a  valuable  work  on 
the  study  of  agriculture  in  Europe;  'Die  geo- 
graphiscne  Vertcilung  dcr  Getreidepreise'  (2 
vols.,  1908),  the  first  volume  dealing  with  the 
United  States,  the  second  with  India;  'Boden- 
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bau  und  Viehstand  in  Schleswig-Holstein* 
(1905). 

ENGELBRECHTZEN,  eng'el-brent-zen, 
Cornells,  Dutch  painter  :  b.  Leyden,  1468;  d. 
there,  1533.  He  was  the  son  of  the  wood- 
engraver  Engelbert,  and  the  teacher  of  Lucas, 
being  the  earliest  known  painter  in  Leyden  and 
the  first  of  his  nation  to  use  oil  colors.  Many 
of  his  works  were  destroyed  during  the  Refor- 
mation, and  the  only  two  properly  authenti- 
cated pictures  of  large  size  are  altarpiece  with 
'Crucifixion1  and  altarpiece  with  'Picta,' 
Town  Hall,  Leyden.  Doubtfully  attributed  to 
him  are  'St.  Leonard,'  Antwerp  Museum; 
'Crucifixion,'  old  Pinakothek,  Munich;  depo- 
sition,' Moritz  Chapel,  Nuremberg;  'Ma- 
donna and  Child,'  National  Gallery,  London; 
•Crucifixion,'  Venice  Academy.  The  Van  Ley- 
dens  were  his  pupils. 

ENGELHARD,  Friedrich  Wilhelm,  fred'- 
rin  vil'helm  cng'cl-hart,  German  sculptor  and 
painter:  b.  Griinhagcn,  Prussia,  19  Sept  1813; 
d.  22  Jan.  1902.  He  studied  at  Hanover,  at  Co- 
penhagen with  Thorwaldsen  and  at  Munich 
with  Schwanthaler.  He  executed  many  groups, 
single  figures  and  genre  pieces.  Among  his 
creations  are  'Love  on  a  Swan';  'Dancing 
Springtime';  'Slingcr  with  Dog';  'Bacchus 
Conquering  a  Panther';  'Cupid  and  Psyche*; 
the  frieze  of  the  'F.dda,'  his  chief  work;  'A 
Child  Fishing' ;  'A  Child  Threading  a  Needle': 
statue  of  'St.  Michael';  portrait  medallion  of 
Bismarck  for  the  monument  of  Canossa,  near 
Harzberg;  'Christ  Blessing  Little  Children'; 
and  the  legendary  characters  of  Germany, 
'Odin,'  'Thor'  and  the  Valkyries. 

ENGELHARDT,  Georg  von,  Russian 
statesman:  b.  Riga,  1775;  d.  1862.  He  went  to 
Saint  Petersburg  in  1790  and  six  years  later 
secured  a  post  in  the  Department  of  Foreign 
Affairs.  He  became  Undersecretary  of  State 
in  1801  under  Alexander  I.  He  was  made  di- 
rector of  the  Pedagogical  Institute  in  1811  and 
of  the  Lyceum  at  Tsarkoc-Selo  in  1816.  His 
liberalism,  however,  led  to  his  removal  in  1823. 
From  1838  to  1852  he  edited  the  Russische 
Landu'irtschaftliche  Zeilung.  He  published 
'Russischc  Miscellan  zur  Kenntnis  Russlands 
und  seiner  Bewohncr'  (4  vols.,  1828-32)  and 
edited  the  manuscript  journals  of  the  explorer, 
Wrangel,  which  he  issued  in  'Reise  langs  dcr 
Nordkuste  von  Sibiricn  und  auf  dem  Eismecr' 
(1839). 

ENGELHARDT,   Johann   Georg  Veit, 

German  theologian :  b.  Neustadt-an-der-Aisch, 
Bavaria,  1791 ;  d.  Erlangen,  13  Sept.  1855.  In 
1822  he  became  professor  of  theology  at  Erlan- 
gen ;  during  the  years  1845,  1847  and  1818  was 
the  representative  of  his  university  in  the  diet 
at  Munich.  His  most  celebrated  works  are  a 
translation  of  the  writings  ascribed  to  Diony- 
sius  the  Areopagite;  'Handbuch  der  Kirchen- 
gcschichtc'  (1834);  'Richard  von  St.  Victor 
und  Johannes  Ruysbrock'  (1838);  'Dogmen- 
geschichte'  (1839). 

ENGELHARDT,  Moritz  von,  Russian 
naturalist :  b.  Esthonia,  1779;  d.  1842  He  re- 
ceived his  education  at  Leipzig  and  Gottingcn 
and  the  Freiberg  mining  school.  He  made  a 
tour  of  Europe  with  Karl  von  Raumcr  and  in 
1811  visited  the  Crimea  and  Caucasus  with  von 
Parrot,    and    seven   years   later   he  traveled 


through  Finland.  He  taught  mineralogy  at 
Dorpat  in  1820-30,  and  thereafter  traveled  and 
explored  Russia,  discovering  vast  deposits  of 
gold,  platinum,  etc.,  detailed  in  his  reports, 
which  were  issued  at  Riga  in  1830.  His  prin- 
cipal works  are  'Geognosticher  Umriss  von  Fin- 
land' (1821);  and,  with  von  Raumcr,  'Geog- 
nostische  Versuche*  (1816)  and  'Geognostische 
Umrissc'  (1817). 

ENGELHARDT,     Vassili  Pavlovich, 

Baron,  Russian  astronomer:  b.  Kustovitchi, 
Grodno,  1828.  He  received  his  education  in 
Saint  Petersburg,  entered  the  government  em- 
ploy in  1847  and  remained  in  its  service  for  six 
years.  He  built  an  astronomical  observatory 
in  Dresden  in  1872.  He  also  gave  valuable  as- 
tronomical instruments  to  the  University  of 
Kazan  and  erected  buildings  there  to  house 
them.  His  published  works  include  'Observa- 
tions astronomiques  faites  a  Dresde*  (3  vols., 
1886.  1890,  1895). 

ENGELHARDT,  Zephyrin  (Charles 
Anthony),  American  writer  and  missionary: 
b.  Bilshauscn,  Hanover,  Germany,  13  Nov.  1851. 
He  came  to  the  United  States  in  1852,  was  edu- 
cated in  the  parish  schools  and  Saint  Francis 
Seraph  College,  Cincinnati.  Ohio.  In  1872  he 
entered  the  Franciscan  order,  was  ordained  to 
the  priesthood  in  1878  and  in  1878-80  was 
teacher  at  Saint  Joseph's  College,  Cleveland, 
Ohio.  From  1880  to  1885  he  was  missionary* 
to  the  Menominee  Indians  in  Wisconsin  and 
from  1885  to  1887  was  stationed  at  Superior 
City,  Wis.  He  was  vice-commissary  for  the 
Holy  Land  and  editor  of  the  Weekly  Pilgrim 
of  Palestine  at  New  York  in  1887-88  and  for 
the  ensuing  two  years  was  missionary  in  Men- 
docino County,  Cal.  From  1890  to  1894 
he  was  stationed  at  Saint  Joseph's  Monastery, 
Geveland,  and  from  1894  to  1900  was  superior 
of  the  missions  of  his  order  in  northern  Michi- 
gan and  of  the  Indian  Boarding  School,  Har- 
bor Springs,  Mich.  In  1901  he  was  stationed  in 
California.  In  1895  he  founded  and  for  five 
years  edited  the  Anishinabe  Enamiad,  a  period- 
ical in  the  Ottawa-Chippewa  language.  He  is 
a  member  of  the  Texas  Historical  Association 
and  of  the  National  Geographical  Society  and 
has  published  'Kachkenonamatwon  Kesekoch1 
(1882);  'Kateshim'  (1883);  'The  Franciscans 
in  California'  (1897);  'Missions  and  Mission- 
aries of  California'  (5  vols.,  1908-16);  'The 
Holy  Man  of  Santa  Clara,  or  Life  of  Father 
Magin  Catala'  (1909).  He  is  a  contributor  to 
Katholische  Missioncn,  California  Volksfrcund, 
Sankt  Joscphsblatt:  He  writes  in  German  un- 
der the  tiom-de-plumc  of  "Dcr  Bergmann*  and 
in  English  of  °F>pcranza* 

ENGELMANN,  George,  American  bot- 
anist: b.  Frankfort-on-the-Main,  2  Feb.  1809; 
d.  Saint  Louis,  Mo.,  4  Feb.  1884.    He  studied 


medicine  at  the  universities  of  H< 


>crg,  Ber- 


lin and  Wiirzburg,  receiving  the  degree  of 
M.D.  from  the  last-named  institution  in  1831. 
The  first  half  of  1832  he  spent  in  study  at  Paris 
where  he  met  Braun  and  Agassiz.  In  Septem- 
ber 1832  he  sailed  for  the  United  States  where 
relatives  of  his  had  bought  some  land  in  the 
Mississippi  Valley.  In  1835  he  began  the  prac- 
tice of  medicine  at  Saint  Louis,  Mo.  Although 
he  was  highly  successful  in  the  practice  of  his 
profession,  he  had,  even  during  his  student  days, 
become  deeply  interested  in  botany.    This  in- 
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tercst  grew  gradually  until  almost  all  his  leisure 
hours  were  occupied  with  scientific  investiga- 
tions, chiefly  in  relation  to  botany,  although  some 
of  them  were  devoted  to  meteorology.  As  his 
success  in  his  profession  increased  he  found  it 
possible  at  times  to  take  protracted  vacations, 
some  of  which  he  spent  abroad  and  all  of  which 
he  devoted  to  botanical  investigations.  The  re- 
sults of  these  were  some  100  papers  published 
at  various  times  in  different  scientific  journals, 
especially  in  the  transactions  of  the  Saint  Louis 
Academy  of  Science  which  were  examples  of  the 
most  painstaking  and  thoroughgoing  scholar- 
ship. He  soon  was  recognized  as  an  authority 
on  the  botanv  of  the  North  American  continent. 
The  most  important  of  his  papers  were  on  Cus- 
cutinar,  Cactex,  Conifene,  American  oaks  and 
grape  vines.  They  together  with  all  his  other 
writings,  hardly  less  important,  have  been  col- 
lected and  published,  illustrated  by  many  plates, 
as  'The  Botanical  Works  of  the  Late  George 
Engclmann*  (ed.  by  W.  Trelcase  and  Asa  Gray, 
Cambridge,  Mass.,  1887).  This  publication  also 
contains  an  exhaustive  biographical  sketch.  He 
was  the  first  president  of  the  Saint  Louts 
Academy  of  Science  and  an  active  or  corre- 
sponding member  of  many  learned  societies. 
His  extensive  botanical  collection  is  in  the  Shaw 
Botan:cal  Garden,  Saint  Louis,  Mo. 

ENGELMANN,  Johannes,  Russian  jurist: 
b.  Mitau,  Courland,  7  July  1832.  Educated  at 
the  University  of  Saint  Petersburg  he  became 
professor  of  Russian  law  at  Dorpat  1860,  re- 
taining the  chair  for  39  years,  and  delivering  his 
lectures  in  Russian  instead  of  German  after 
1887.  These  lectures  covered  a  wide  field  and 
contributed  gTeatly  to  the  advancement  of  the 
science  of  jurisprudence  in  Russia.  Among  his 
works  arc  'Die  Vcrjahrung  nach  rmsischem 
Privatrecht'  (1867;  in  Russian,  1868);  'Die 
Zwangsvollstrcckung  auswartiger  richterlicher 
Urteilc  in  Rnssland'  (1884);  and  'Das  Staats- 
recht  Russlands*  (1888). 

ENGELS,  Friedrich,  German  Socialist :  b. 
Barmen,  Prussia,  28  Nov.  1820;  d.  London,  5 
Aug.  18^5.  The  son  of  a  German  manufac- 
turer he  spent  two  years  in  Manchester,  Eng- 
land, 1842-44,  and  took  part  in  the  revolution- 
ary movement  in  Baden  in  1848.  He  returned 
to  Manchester  in  1850,  and  was  partner  in  a 
manufacturing  business  from  1860-69,  after 
which  he  lived  mainly  in  London.  He  was  an 
intimate  friend  of  Karl  Marx  (q.v.),  and  his 
most  efficient  helper  in  the  work  of  organizing 
the  International  Socialist  movement.  In  1870 
F.ngels  was  corresponding  secretary  of  the  In- 
ternational Workingmcn's  Society  for  Belgium, 
Italy  and  Spain.  With  Marx  he  wrote  the 
'Communist  Manifesto*  (1847)  •  he  also  wrote 
'The  Working  Class  in  England  in  1844'  (new 
fd„  1892);  'The  Origin  of  the  Family* ; 
'The  Development  of  Socialism  from  Utopia 
to  Science*  (1894,  a  part  of  a  large  work  left 
unfinished)  ;  and  edited  Marx's  'Capital.*  Con- 
sult Simons,  'Friedrich  En  gel :  his  Life,  his 
Work,  his  Writings'  (1885),  a  translation  from 
Tautsky's  German  text;  Sombart's  biography 
(1895);  and  Dawson,  'German  Socialism* 
(1899). 

ENGERTH,  eng'ert,  Eduard  von,  Aus- 
trian painter:  b.  Pless,  Silesia,  13  May  1818;  d. 
1897.  He  was  a  pupil  of  the  Vienna  Academy, 
taking  the  gold  medal  there  in  1845     He  be- 
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came  director  of  the  Prague  Academy  1854  and 
in  1855  professor  at  the  Vienna  Academy.  He 
was  appointed  director  of  the  Belvedere  Gallery 
1871  and  director  of  the  Academy  1874.  He 
was  made  commander  of  the  order  of  Francis 
Joseph  1867.  Among  his  works  are  'Hainan 
and  Esther';  'Ladislaus  and  Akus'  (1844); 
'Coronation  of  Rudolph  I* ;  'Joseph  Explaining 
the  Dream*  (1845)j  "Seizure  ot  King  Man- 
fred's Family'  (1S:>3),  a  masterpiece  in  the 
Vienna  Museum;  'Victory  of  Prince  Eugene 
at  Zenta*  (1865);  'Marriage  of  Figaro*; 
'Fable  of  Orpheus'  (1868);  'Coronation  of 
Francis  Joseph  as  King  of  Hungary'  (1870)  ; 
"Death  of  Eurydice'  (1877).  Engerth  frescoed 
the  church  at  Alt  Lerchcnfcld  alter  the  car- 
toons of  Fiihrich,  painted  numerous  portraits 
and  decorated  the  new  Vienna  Opera  House. 

ENGERTH,  Wilhelm,  Baron,  Austrian  en- 
gineer: b.  Pless,  Prussian  Silesia,  1814;  d.  1884. 
He  received  his  education  in  architecture  at  the 
Polytechnic  Institute  and  the  Academy  of  Arts, 
Vienna.  He  became  professor  of  mechanical 
engineering  at  Gratz  in  1844.  He  is  known  in- 
ternationally as  the  inventor  of  the  "Engerth 
system"  for  freight  locomotives,  which  was  gen- 
erally adopted  throughout  Europe.  He  also 
designed  and  constructed  a  river  gate  near 
Nussdorf  to  prevent  ice  from  entering  the 
Danube  Canal,  which  previously  was  the  cause 
of  annual  inundations.  In  1873  he  was  super- 
vising architect  of  the  Vienna  Exposition  build- 
ings and  had  complete  charge  of  the  engineering 
department  at  the  exposition. 

ENGHIEN,  an-gan,  Louis  Antoine  Henri 
de  Bourbon,  Duke  of,  French  prince:  b.  Chan- 
tilly,  2  Aug.  1772;  d.  Vinccnnes,  France,  21 
March  1804.  He  was  the  only  son  of  Louis 
Henri  Joseph  Conde,  Duke  of  Bourbon.  From 
1796  to  1799  he  commanded  with  distinguished 
merit  the  vanguard  of  Condc's  army,  which  was 
disbanded  at  the  Peace  of  Lunevillc  (1801).  He 
then  married  and  took  up  his  residence  at  Ettcn- 
heim,  in  Baden.  He  was  gcneraly  looked  upon 
as  the  leader  of  the  emigres,  and  was  suspected 
by  the  Bonapartists  of  being  privy  to  the  attempt 
of  Cadoudal  to  assassinate  the  First  Consul  in 
1804.  The  spies  of  Napoleon  reported  that 
Enghien  was  often  absent  for  10  or  12  days 
together  from  Ettcnhcim,  and  it  was  believed 
that  on  some  of  these  occasions  he  had  secretly 
visited  Paris.  Napoleon  therefore  invaded  the 
neutral  duchy  of  Baden  and  the  Duke  of 
Enghien  was  seized  15  March  1804,  conducted 
to  Strassburg,  and  thence  to  the  fortress  of 
Vinccnnes,  where  he  arrived  on  the  evening  of 
the  20th.  That  same  night  a  court-martial  was 
assembled;  his  innocence  being  established,  the 
ground  of  accusation  was  changed  into  that  of 
compassing  a  new  coalition  against  France,  of 
which  he  was  adjudged  guilty.  He  requested 
an  interview  with  Bonaparte,  which  was  refused, 
and  he  was  immediately  led  out  to  execution. 
He  was  shot  between  four  and  five  o'clock  in 
the  morning  in  *he  ditch  outside  the  walls,  and 
his  body  was  thrown,  dressed  as  It  was,  into  a 
grave  dug.  it  is  said,  the  day  before.  His  execu- 
tion was  followed  by  an  indignant  protest  and 
the  rupture  of  diplomatic  relations  with  Russia; 
but  of  the  deed  Napoleon  never  repented.  He 
was  the  last  representative  of  the  house  of 
Conde.  Consult  Dupin,  'Pieces  judiciaires' 
(Paris  1823),  and  'Memoires  historiques  sur  la 
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catastrophe  du  Due  d'Enghien'  (Paris  1834)  ; 
Fay,  'The  Execution  of  the  Due  D'Enghien* 
(in  the  American  Historical  Review,  New 
York  1899)  ;  Wclschingcr,  <Le  Due  d'Enghien* 
(Paris  1888). 

ENGINE.  A  motor  or  prime  mover  which 
is  capable  of  utilizing  natural  forces,  such 
as  the  pressure  of  steam  or  the  expansion  of  a 
gas,  and  converting  those  forces  into  mechan- 
ical energy  in  the  form  of  motion,  which  may 
be  employed  for  doing  mechanical  work,  thus 
distinguishing  it  from  a  "machine,"  which  can 
receive  motion  only  from  a  motor  or  engine 
external  to  itself. 

The  term  engine  was  originally  used  in  the 
sense  of  a  machine,  a  usage  which  survives  in 
rose-engine  and  cotton-gin  (gin  being  simply  a 
short  form  for  engine).  The  first  textile  ma- 
chines were  called  engines,  and  we  still  speak 
of  engines  of  war.  But  when  steam  engine  be- 
came familiarly  shortened  to  engine,  the  term 
was  confusing,  and  gradually  machine  was  sub- 
stituted for  the  word  engine  in  nearly  all  uses 
except  for  generation  of  power. 

All  heat  engines  act  through  the  medium  of 
a  working  substance  which  absorbs  heat,  con- 
verts a  portion  of  that  heat  into  mechanical 
energy,  which  is  represented  by  the  work  per- 
formed by  the  engine,  and  rejects  the  remaining 
portion  of  the  heat,  still  in  the  form  of  heat. 
The  working  substance  may  be  a  gas,  a 
liquid  or  a  solid.  The  various  successful 
forms  of  heat  engines  may  be  conveniently 
grouped  into  three  general  classes  —  steam  en- 
gines, gas  and  oil  engines,  turbines  and  rotary 
engines. 

Steam  Engines  —  In  ordinary  forms  of 
steam  engines  the  working  substance  is  sat- 
urated steam,  a  fluid  consisting  of  a  mixture  of 
water  and  steam  in  varying  proportions,  the 
expansive  cnertrv  of  which  is  utilized  to  drive 
or  impart  motion  to  a  piston  working  within  a 
cylinder. 

Miscellaneous  Engines. —  Many  engines  arc 
named  from  some  distinctive  feature  of  their 
mechanism  or  a  peculiarity  of  construction. 
Hence  there  is  the  automatic  engine,  one  that  is 
self-regulating,  requiring  little  attention.  In  a 
stationary  engine  this  would  mean  one  that 
regulated  its  own  speed  or  point  of  cut-off  ;  in 
an  automobile  engine  it  would  mean  one  that 
would  run  without  attention,  as  long  as  the 
gasoline  feed,  carburetor,  spark-plug,  etr., 
were  in  order.  A  cut-off  engine  is  one  in  which 
the  steam  or  motive  fluid  is  cut  off  before  the 
end  of  the  stroke.  A  quadrant  engine  is  one 
having  a  piston  that  moves  in  a  quadrangular 
chamber.  A  reciprocating  engine  is  the  most 
ordinary  type,  in  which  the  piston  moves  back 
and  forth.  A  direct-connected  engine  is  one 
that  has  the  crank-shaft  extended  to  form  the 
main  shaft  of  a  dynamo.  A  multi-cylinder  en- 
gine is  one  having  several  cylinders  operating 
on  the  same  shaft,  as  a  6-  or  8-cylinder  auto- 
mobile engine.  A  self-contained  engine  is  one 
in  which  the  engine  and  boiler  are  both  boused 
in  one  framework.  A  screw  or  propeller  en- 
gine is  a  marine  engine  for  driving  a  screw- 
propeller.  A  series-expansion  engine  is  one 
having  several  cylinders  in  which  the  .steam  or 
moiivc  fluid  is  successively  expanded.  A  twin 
cylinder  engine  is  one  having  two  cylinders 
formed  in  one  casting  or  V»  bloc" 


High-Speed  Engine.—  One  in  which  the 
piston  speed  is  rapid,  according  to  some  authori- 
ties exceeding  900  feet  per  minute.  It  pos- 
sesses the  advantages  of  small  dimensions  and 
small  weight  for  a  given  power,  and  on  account 
of  the  frequency  of  its  strokes  is  capable  of 
meeting  variations  in  load  more  quickly  than 
a  low-speed  engine.  Its  disadvantages  consist  in 
the  greater  waste  of  steam,  the  greater  wear, 
increased  danger  of  heating  and  higher  cost  of 
construction  and  operation. 

Low-Speed  Engine. —  One  in  which  the 
piston  speed  is  slow,  according  to  some  authori- 
ties, less  than  600  feet  per  minute. 

Single-Acting  Engine. —  One  in  which  the 
pressure  of  the  steam  is  exerted  only  on  one 
side  of  the  piston,  which  is  forced  back  again 
by  the  pressure  of  the  atmosphere  on  the  other 
side  against  the  vacuum  produced  by  the  con- 
densation of  the  spent  steam.  They  were  for- 
merly used  chiefly  for  pumping  purposes,  and 
in  connection  with  steam  hammers,  but  are  now 
practically  out  of  date. 

Doable-Acting  Engine.— One  in  which  the 
steam  in  the  cylinder  is  exhausted  into  the 
piston,  either  against  the  pressure  of  the  air, 
or  against  the  vacuum  of  the  condenser.  Origi- 
nally, all  engines  were  made  single-acting,  but 
nearly  all  modern  steam  engines  are  double- 
acting. 

Direct-Acting  Engine. —  One  in  which  the 
action  of  the  piston  is  transmitted  directly  to 
the  crank-shaft.  Nearly  all  engines  are  of  this 
type. 

Indirect-Acting  Engine.—  One  in  which  the 
motion  of  the  piston  is  communicated  to  the 
crank-shaft  by  means  of  intermediate  levers. 
In  the  beam-engine,  the  connection  between  the 
piston  and  the  connecting  rods  consists  of  a 
beam,  the  oscillating  point  of  which  is  placed 
midway  between  the  two  rods.  They  arc  chiefly 
employed  for  pumping  purposes  and  for  driving 
paddle-wheel  steamers.  Other  than  in  this  lim- 
ited field,  they  arc  becoming  obsolete. 

Expansive  Working  Engine. —  An  engine  is 
worked  expansively  when  the  steam,  instead  of 
being  admitted  at  full  pressure  into  the  cylinder 
until  the  termination  of  the  stroke,  is  cut  off  at 
some  fractional  part  of  the  stroke  and  thus 
caused  to  do  work  simply  by  its  own  expansion. 
The  steam  may  be  expanded  in  one  or  more 
cylinders.  The  amount  of  steam  consumed  is 
low  as  compared  to  the  amount  of  work  done. 
It  is  universally  used  where  circumstances  will 
permit,  on  account  of  its  greater  economy  as 
compared  with  the  engines  of  the  non-expansive 
working  type. 

Non-expansive  Working  Engine. —  An  en- 
gine in  which  the  steam  is  allowed  to  enter  the 
cylinder  at  boiler  pressure  and  is  maintained 
at  that  pressure  behind  the  piston  during  the 
whole  of  the  stroke.  The  amount  of  steam 
consumed  is  disproportionately  high  as  com- 
pared to  the  work  done. 

Condensing  Engine  (called  also  low-pres- 
sure or  vacuum  engine). —  One  in  which  the 
spent  steam  in  the  cylinder  is  exhausted  into  a 
vacuum  and  condensed  into  water,  thus  oblit- 
erating the  back  pressure  of  the  atmosphere 
and  consequently  effecting  a  gain  of  pressure 
equivalent  to  14.7  pounds  per  square  inch  in  the 
effective  working  pressure  of  the  steam. 

Non-condensing  Engine  (called  also  high- 
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pressure  engine).— One  in  which  the  spent 
steam  in  the  cylinder  is  exhausted  into  the 
air  at  atmospheric  pressure,  thus  entailing  the 
work  of  forcing  the  piston  against  a  back 
pressure  of  14.7  pounds  per  square  inch,  at  the 
expense  of  the  effective  working  pressure  of  the 
steam.  This  disadvantage  is  offset  by  using 
steam  at  higher  pressures. 

Simple  Engine. —  One  in  which  the  steam 
after  having  forced  the  piston  through  its 
stroke  is  exhausted  into  the  air  or  into  a 
vacuum  or  condenser. 

Compound  Engine. —  An  engine  with  two  or 
more  cylinders  in  which  the  steam  after  having 
expanded  and  performed  its  work  in  one  cylin- 
der passes  into  the  next  cylinder,  of  larger  size, 
and  continues  to  expand  and  perform  work. 
The  different  types  of  compound  engines  are 
distinguished  as  "series-expansion*  engines  or 
by  the  number  of  cylinders  employed  for  the 
expansive  working  of  the  steam,  and  arc  desig- 
nated as  the  two-cylinder  compound  engine,  the 
three-cylinder  or  triple-expansion  engine  and 
the  four-cylinder  or  quadruple-expansion 
engine.  The  cylinders  are  usually  arranged 
side  by  side  or  parallel  with  each  other.  Some- 
times, as  in  the  case  of  the  "tandem-compound," 
they  are  placed  in  line  one  behind  the  other,  and 
also  vertically  one  above  the  other  as  in  the 
case  of  the  "steeple-compound.1*  In  a  "cross- 
compound"  the  cylinders  are  placed  side  by  side 
and  parallel  to  each  other,  but  sufficiently  far 
apart  to  allow  space  for  a  fly-wheel  between 
them.  Up  to  the  present  time  the  quadruple- 
expansion  engine  appears  to  be  the  limit  beyond 
which  the  numbers  of  expansions  have  not  been 
carried  with  success.  The  great  practical  ad- 
vantage of  the  multiple-expansion  engines  lies 
in  their  high  steam  economy. 

Air  (or  Hot  Air)  Engine. —  An  engine  in 
which  the  working  fluid  is  air  expanded  by  heat. 
It  is  only  of  experimental  interest. 

Horizontal  Engine.—  One  in  which  the  axis 
of  the  cylinder  and  piston  rod  is  horizontal. 

Vertical  Engine. —  One  in  which  the  axis  of 
the  cylinder  and  piston  rod  is  vertical.  Vertical 
engines  arc  made  in  a  great  variety  of  forms 
and  are  usually  arranged  with  the  cylinders 
uppermost.  Very  few  of  them  are  constructed 
with  the  cylinders  lowermost  and  those  are 
only  of  the  smallest  sizes.  The  principal  ad- 
vantages of  the  vertical  engine  consist  in  the 
small  space  required  for  their  foundations  and 
the  uniformity  of  wear  on  the  cylinders,  pistons 
and  rods.  The  type  includes  many  forms  of 
steam  hammers,  launch  engines,  screw  engines 
and  inverted  cylinder  engines. 

Inverted  Cylinder  Engine. —  A  vertical  en- 
gine, in  which  the  cylinder  is  inverted  or  placed 
above  the  piston  rod,  connecting  rod  and  crank- 
shaft. It  is  typical  of  the  marine  engines  em- 
ployed to  drive  screw  propellers. 

Inclined  Engine  or  Inclined  Cylinder  En- 
gine.—  A  form  of  marine  engine  in  which  the 
cylinders  are  inclined  toward  each  other  at  an 
angle  of  about  120  degrees  and  make  a  triangle 
with  the  base.  They  are  connected  by  cranks 
to  a  common  crank-shaft. 

Beam  Engine.—  An  indirect-acting  engine 
in  which  the  piston  rod  is  connected  to  the  con- 
necting rods  by  means  of  a  lever  in  the  form  of 
a  beam.  It  is  more  fully  described  under  the 
term  Indirect-Acting  Kngine. 


Oscillating  Engine. —  A  marine  engine  of 
the  direct-acting  type,  in  which  the  cylinders 
are  suspended  upon  hollow  trunnions  and  oscil- 
late thereon,  thus  allowing  the  motion  of  the 
piston  rods  to  accommodate  itself  to  that  of  the 
crank  at  all  parts  of  the  revolution.    It  occu- 

fics  but  little  space  and  is  peculiarly  adapted 
or  paddle-wheel  steamers.  It  survives  mainly 
in  toy  engines  because  of  its  simple  con- 
struction. 

Trunk  Engine. —  An  engine  having  a  large 
hollow  piston  open  at  one  end  and  called  a 
trunk.  The  connecting  rod  goes  right  into  the 
open  end  of  this  trunk-piston  and  is  attached 
directly  to  the  piston-head,  so  that  there  is  no 
piston  rod.  It  is  used  in  some  forms  of  gas 
engines  and  toy  engines. 

Corliss  Engine.—  A  very  economical  type  of 
engine,  in  which  the  valves  are  controlled  auto- 
matically from  the  governor  and  the  steam  sup- 
ply proportioned  to  the  requirements  of  the 
engine  at  each  moment  during  its  working 
stroke.  The  valve  forms  a  segment  of  a  circle 
and  turns  through  an  arc  of  a  circle  and  alter- 
nately covers  and  uncovers  the  steam  port.  It 
is  operated  by  a  rod  from  a  wrist  plate,  but  is 
disconnected  at  every  stroke  of  the  engine  and 
the  supply  valve  closed  instantaneously  by 
means  of  a  dash-pot. 

Cornish  Engine. — A  standard  type  of  pump- 
ing engine,  originally  of  the  single-acting  type. 
At  the  present  time  it  appears  in  two  forms  — 
the  beam  engine  and  the  direct-acting  engine. 
The  valves  of  a  Cornish  engine  are  operated  by 
a  special  device  called  a  cataract,  consisting  of 
a  weighted  piston  which  works  in  a  cylinder 
provided  with  a  large  inlet  valve  and  a  small 
discharge  valve.  The  working  stroke  of  the 
pump  lifts  the  weighted  piston  and  draws  the 
water  into  the  cylinder  through  the  former, 
and  the  return  stroke  discharges  it  through  the 
latter  and  at  the  same  time  actuates  the  valves 
of  the  steam  cylinder  of  the  pump  so  as  to 
cause  another  working  stroke. 

Marine  Engine.—  Any  form  of  engine  used 
for  propelling  a  vessel.  They  arc  usually  of  the 
compound  or  multiple-expansion  type. 

Stationary  Engine. —  An  engine  on  fixed 
foundations,  as  distinguished  from  the  locomo- 
tive, portable  and  marine  engines. 

Locomotive  Engine. —  A  high  pressure 
steam  engine  and  multitubular  boiler  complete, 
mounted  on  a  carriage  and  provided  with 
suitable  wheels  to  enable  it  to  draw  loaded 
cars  upon  a  permanent  way  or  railway  track. 
See  Locomotive. 

Portable  Engine. —  A  small  engine  of  the 
locomotive  type,  mounted  on  a  carriage  which 
permits  of  its  being  moved  from  place  to  place 
for  use  in  connection  with  work  of  a  temporary 
character.  Portable  engines  are  extensively 
used  for  agricultural  purposes  and  for  general 
traction  purposes  on  ordinary  highways. 

Gas  and  Oil  Engines. —  These  classes  of 
heat  engines  are  commonly  designated  as  in- 
ternal-combustion engines.  See  Internal  Com- 
bustion Engine  and  Diesel  Engine. 

The  Slide- Valve.— The  introduction  of  the 
slide-valve  for  operating  the  ports  of  a  steam 
engine  marked  a  distinct  advance  in  economy, 
because  it  can  be  made  at  exactly  the  right  time 
and  nlsn  because  it  admits  the  hot  steam  to  the 
cylinder  through  a  port  which  has  just  been 
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cooled  by  the  exhaust.  As  ordinarily  con- 
structed the  slide-valve  is  a  sliding  U-shaped 
piece  in  the  steam-chest,  moving  back  and  forth 
over  the  three  ports  — the  two  end-ports  of  the 
cylinder  and  the  exhaust  port  in  the  centre' — 
and  permitting  the  steam  to  pass  alternately 
to  either  end  of  the  cylinder  to  push  the  piston 
and  opening  the  exhaust  for  the  release  of  the 
used  steam.  There  arc  "laps"  at  the  end  of  the 
D  whose  length  determines  the  instant  at  which 
the  ports  shall  begin  to  open.  These  laps  arc 
known  as  outside  or  steam-lap,  and  inside  or 
exhaust-lap.  The  slide-valve  has  also  been  de- 
veloped for  automobile  use  in  the  Knight  type 
of  engine. 

Superheating.—  Originally,  saturated  steam 
was  the  only  sort  employed  in  steam  engines, 
but  as  multiple-expansion  developed  and  higher 
pressures  were  carried  in  boilers  the  use  of 
superheated  or  dry  steam  at  as  high  as  500°  C. 
was  tried,  and  it  was  demonstrated  that  the 
hotter  the  steam  was  the  more  it  expanded  and 
the  greater  the  power  to  be  got  out  of  it 
Superheating  began  experimentally  about  1895 
and  was  operated  in  connection  with  an  econo- 
mizer. This  is  a  mechanism  for  utilizing  the 
waste  heat  and  turning  it  into  the  feed-water, 
so  that  hot  water,  close  to  the  boiling  point,  can 
be  supplied  to  the  boiler.  Engines  using  super- 
heated steam  have  been  operated  with  as  little 
as  1.3  pounds  of  coal  per  indicated  horse 
power.   Sec  Locomotive. 

Steam  Turbines  comprise  a  class  of  heat 
engines  in  which  the  kinetic  energy  of  expand- 
ing steam  is  utilized  to  drive  a  wheel  and  thus 
convert  the  natural  heat  energy  of  steam  di- 
rectly into  mechanical  energy  in  the  form  of 
rotary  motion.  The  principal  forms  are  the 
Parsons,  De  Laval,  Seger  and  Curtis  turbines, 
and  their  first  field  of  application  and  develop- 
ment was  in  the  marine  service.  Noteworthy 
examples  of  their  application  are  the  Lusitania 
and  Mauretania  ocean  steamships  and  many 
of  the  modern  "drcadnaught*  type  of  battle- 
ships. They  are  now  coming  into  use  in  large 
lighting  stations  and  mammoth  manufacturing 
plants.   See  Turbine. 

Hydraulic  Engines. —  Mechanical  power  is 
obtained  from  flowing  water  by  its  weight, 
pressure  or  impact,  utilized  in  various  forms  of 
water  wheels,  turbines,  hydraulic  rams  and 
water-pressure  engines.  In  the  water-pressure 
engine  the  pressure  of  the  water  only  is  util- 
ized to  drive  a  piston  in  a  cylinder.  In  some 
forms  the  action  of  the  piston  is  reciprocating 
and  in  others  rotary.  In  all  of  them  the  actual 
amount  of  pressure  expended  is  only  that  which 
is  needed  to  impart  motion  to  the  fluid  to  fol- 
low the  piston  and  escape  from  the  cylinder, 
and,  therefore,  the  greatest  efficiency  is  obtained 
by  making  the  piston  as  small  as  practicable 
and  -using  a  large  pressure.  The  majority  of 
them  are  of  the  reciprocating,  low-speed  type, 
and  are  particularly  useful  as  secondary  motors 
for  operating  the  opening  machinery  of  various 
forms  of  swing,  draw  and  lining  or  rolling 
bridges,  and  in  connection  with  cranes  and  va- 
rious forms  of  hydraulic  lifts. 

For  futhir  detailed  information  relat've  to 
the  construction,  operation  and  application  of 
the  various  forms  of  engines,  consult  the  arti- 
cles under  the  titles  Automoiui.e  ;  Af.ropi.ane;  ' 

INTERNAL    CoMBl'STION    F.NCINF. ;    LoCOMOTIVf  <  ; 

Motok;  Pumps  anu  Pumping  Machinery;  Ro- 


tary Steam  Engine;  Traction  Engines;  Tur- 
bine; Water  Motor;  Water  Wheel. 

Charles  H.  Cochrane, 
Author  of  1  Modern  Industrial  progress.* 

ENGINE,  Testing  of.  Engines  arc  tested 
in  order  to  determine  the  economy  with  which 
they  produce  a  given  amount  of  power.  The 
economy  of  steam  engines,  as  usually  deter- 
mined, relates  to  the  weight  of  steam  con- 
sumed, or  to  the  quantity  of  coal  used  in  mak- 
ing the  steam,  or  to  the  number  of  heat  units 
supplied;  while  in  the  case  of  an  internal  com- 
bustion engine,  it  relates  to  the  amount  of  gas, 
gasoline,  oil,  alcohol  or  other  fuel  burned 
Also,  if  the  iatter  operate  on  producer  gas,  the 
determination  of  economy  involves  the  amount 
of  coal  burned  in  the  gas  producer. 

Factory  tests  are  generally  limited  to  the 
performance  of  individual  engines,  to  determine 
the  set  of  the  governor  relative  to  the  proper 
speed  and  to  ascertain  if  the  valves  arc  set  and 
operate  properly.  In  the  case  of  gas  engines, 
the  factory  test  is  extended  to  cover  the  cor- 
rect timing  of  the  igniter  and  to  determine  the 
correct  compression. 

In  its  broadest  sense,  however,  testing  is  a 
form  of  scientific  investigation  conducted  for 
the  purpose  of  securing  practical  results  which 
are  very  important  not  only  to  the  manufacturer, 
but  also  to  the  owner  of  the  engine  who  has  to 
pay  the  expense  of  its  operation  and  to  those 
who  require  information  showing  the  capabili- 
ties of  the  machines  for  the  purpose  of  advertis- 
ing and  trade. 

As  an  engine  test  involves  the  determination 
of  two  elementary  quantities — (1)  the  amount 
of  fuel  consumed,  and  (2)  the  amount  of  power 
developed  —  it  is  necessary  that  these  two  factors 
should  be  represented  by  units  of  measurement 
which  arc  susceptible  of  universal  application 

Standard  Un't  of  Fuel.—  The  most  satisfac- 
tory unit  for  expressions  of  economy  based  on 
the  amount  of  furl  consumed  is  the  British 
Thermal  Unit  (B.T.U.),  which  is  the  quantity 
of  heat  required  to  raise  one  pound  of  water 
1°  F.  at  or  about  39.1*  F.  According  to  Joule, 
it  is  equivalent  to  778  foot-pounds  of  mechanical 
energy. 

A  convenient  and  useful  subsidiary  standard 
is  that  based  on  a  "standard  coal0  unit,  the 
term  "standard  coal*  defining  a  coal  which  im- 
parts to  steam  10,000  B.T.U.'s  for  each  pound 
of  dry  coal  consumed.  It  is  a  coal  which  has  a 
calorific  value  of  12,500  B.T.U.'s,  equivalent  to 
an  efficiency  of  80  per  cent  when  used  in  a 
"standard  boiler  * 

Standard  Unit  of  Power. —  The  unit  of 
mechanical  power  which  most  satisfactorily  ex- 
presses the  power  developed  by  an  engine  is 
the  "horse  power,"  which  represents  an  energy 
of  33,000  foot-pounds  per  minute,  equivalent  to 
2,545  B.T.U.'s  per  hour. 

Standard  of  Engine  Economy.— Employ- 
ing the  given  standard  units  of  fuel  and  power, 
the  expressions  of  engine  economy  which  are 
best  adapted  to  meet  all  conditions  of  service 
and  for  all  classes  of  heat  engine  are  those  rep- 
resented hv  the  "ind-cated"  horse  power  based 
on  the  number  of  B  T.U.'s  consumed  per  hour. 

Such  an  expression  is  commonly  called  a 
horse  rov  r  hour  and  r'-nresents  a  heat  energy 
of  1,980.000  foot-pounds  converted  into  me- 
chanical pow  er  or  work  by  the  consumption  of 
2,545  B  T.U.'s  per  hour. 
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Roles  for  Conducting  a  Test. —  AH  tests 
should  be  conducted  systematically  under  a  set 
of  standard  rules,  clearly  defining  the  character 
of  the  data  to  be  obtained  and  the  methods 
which  should  be  employed  for  their  determina- 
tion. A  set  of  such  rules  may  be  briefly  defined 
as  follows : 

L  Object  of  the  test. — At  the  beginning, 
the  specific  object  of  the  test  should  be  ascer- 
tained. It  may  relate  to  the  determination  of 
highest  economy  obtainable ;  the  economy  under 
ordinary  working  conditions  and  the  existing 
defects;  the  performance  under  special  condi- 
tions ;  the  effect  of  changes  in  existing  con- 
ditions; or  the  fulfilment  of  a  contract  guar- 
antee ;  and  the  preparations  for  the  test  should 
be  made  accordingly.  These  preparations  will 
necessarily  depend  largely  upon  the  good  sense, 
judgment  and  ingenuity  of  the  engineer  making 
the  test. 

2.  Condition  of  the  Engine. —  The  engine 
should  be  carefully  examined  and  its  general 
condition  noted,  especially  any  points  of  design, 
construction  or  operation  which  bear  upon  the 
object  of  the  test.  Special  examination  should 
be  made  of  all  valves,  by  inspecting  their  seats 
and  bearing  surfaces  and  great  care  taken  to 
ascertain,  in  the  case  of  a  gas  engine,  that  the 
piston  rings  work  freely  in  their  grooves  and 
are  perfectly  gas-tight. 

3.  Dimensions. —  The  cylinder  dimensions 
should  be  taken  whether  they  are  already  known 
or  not,  the  measurements  being  made  when  they 
are  hot  and  in  working  order.  When  practica- 
ble, the  clearance  volume  or  compression  space 
of  the  cylinder  should  be  measured  by  filling  it 
with  water  previously  measured,  the  proper 
correction  being  made  for  temperature. 

4.  Fuel. —  When  the  test  involves  the  com- 
plete plant  —  in  the  case  of  a  steam  engine  in- 
cluding the  boilers,  and  in  the  case  of  a  gas  en- 
gine including  the  gas  producer  plant  —  the  class, 
name  of  coal  mine,  size,  moisture,  should  be 
stated  in  the  report  —  and  the  quality  of  the  coal 
used  should  be  of  some  recognized  standard. 
This  is  desirable  for  purposes  of  comparison. 
In  the  case  of  an  internal  combustion  engine, 
if  the  test  is  made  to  determine  the  maximum 
efficiency,  the  gas,  oil,  or  other  fuel  used,  should 
be  the  best  obtainable,  or  one  that  possesses  the 
highest  calorific  value. 

5.  Measurement  of  Fuel. —  The  methods  of 
determining  the  amount  of  fuel  consumed  de- 
pend upon  the  character  of  the  fuel  used.  If  it 
be  coal  furnished  to  the  furnace  of  a  boiler,  or 
tc  a  gas  producer,  the  amount  consumed  during 
a  period  not  less  than  24  hours  should  be  care- 
fully measured  by  weight.  If  it  be  oil,  gasoline, 
distillate,  alcohol,  etc.,  it  can  be  drawn  from  a 
tank,  which  can  be  refilled  to  the  original  level 
at  the  end  of  the  test,  and  the  amount  required 
for  this  purpose  weighed ;  or  in  the  case  of  a 
small  engine,  it  can  be  drawn  from  a  properly 
calibrated  vertical  pipe.  When  gas  is  used,  it 
should  be  measured  by  a  suitable  gas  metre  and 
gas  bags  should  be  placed  between  the  metre  and 
the  engine  to  keep  the  pressure  as  constant  as 
possible.  The  pressure  and  temperature  of  the 
gas  and  the  barometric  pressure  and  tempera- 
ture of  the  air  should  be  measured  and  in 
determining  the  quantity  of  the  gas  supplied,  as 
given  by  the  reading  of  the  metre,  the  tempera- 
ture and  pressure  of  the  gas  should  be  taken 
into  account. 


6.  Measurement  of  Heat  Units  Consumed 
—  The  number  of  heat  units  consumed  by  the 
engine  can  be  found  by  multiplying  the  number 
of  pounds  of  coal  or  oil.  or  the  cubic  feet  of  gas 
supplied,  by  the  total  heat  of  combustion  of  the 
fuel  as  determined  by  a  calorimeter,  or  from 
the  results  of  a  chemical.analysis.  In  determin- 
ing the  total  heat  of  combustion,  usually  no 
deduction  is  made  for  the  latent  heat  of  the 
vapor  of  water  in  the  products  of  combustion, 
therefore,  for  purposes  of  comparison,  care 
should  be  taken  to  state  whether  the  higher  or 
the  lower  value  has  been  used  in  the  deter- 
mination. 

The  Mahler  calorimeter  is  a  type  much  used 
for  determining  the  heat  of  combustion  of  solid 
fuels  and  oils  and  the  Junker  calorimeter  for 
gases. 

7.  Instruments  and  Their  Calibration.— 
All  instruments  and  apparatus  used  in  the  tests 
should  be  calibrated  and  their  accuracy  veri- 
fied by  comparison  with  recognized  standards. 
All  such  as  are  liable  to  undergo  changes,  or 
become  broken  during  the  progress  of  a  test, 
especially  gauges,  indicator  springs  and  ther- 
mometers, should  be  calibrated  both  before  and 
after  the  test. 

Gauges.—  For  measuring  pressures  above 
that  of  the  atmosphere,  the  most  convenient  and 
reliable  standard  is  the  dead-weight  testing  ap- 
paratus, consisting  of  a  cylinder  having  a  close- 
fitting  vertical  piston  working  in  oil  or  glycer- 
ine, by  the  medium  of  which  the  pressure  is 
transmitted  to  the  gauge.  The  piston  is  sur- 
mounted by  a  circular  stand  on  which  weights 
may  be  placed  so  as  to  secure  any  desired  pres- 
sure. The  total  weight,  in  pounds,  on  the  piston, 
divided  by  the  area  of  the  piston,  in  square 
inches,  gives  the  pressure  in  pounds  per  square 
inch. 

The  mercury  column  is  another  reliable 
standard  of  comparison  for  pressures,  but  when 
it  is  used  care  should  be  taken  to  see  that  it  is 
properly  graduated  with  reference  to  the  ever 
varying  zero  point;  that  the  mercury  is  pure 
and  that  the  proper  correction  is  made  for  any 
difference  of  temperature  that  may  exist  at  the 
time  of  using  and  the  temperature  at  which  the 
instrument  was  graduated. 

For  pressures  below  that  of  the  atmosphere, 
the  use  of  an  air  pump  or  some  other  means  of 
producing  a  vacuum  is  required.  The  apparatus 
must  be  referred  to  a  mercury  gauge,  which 
may  consist  of  a  U-shaped  tube  about  30 
inches  in  length,  with  both  arms  properly  filled 
with  mercury. 

Thermometers. —  Standard  thermometers 
are  those  which  read  212°  F.  in  steam  escap- 
ing from  boiling  water  at  the  normal  barometric 
pressure  of  the  atmosphere  (29.92  inches)  when 
the  whole  stem  up  to  the  212°  point  is  sur- 
rounded by  the  steam ;  and  which  read  32° 
F.  in  melting  ice,  when  the  stem  is  com- 
pletely immersed  to  the  32°  point;  and  which 
are  calibrated  for  points  between  and  beyond 
these  two  points  of  reference. 

For  temperatures  between  212°  and  400* 
F.,  the  thermometers  should  be  compared 
with  the  temperatures  given  in  Rcgnault's  Steam 
Tables,  by  placing  it  in  a  mercury  well  sur- 
rounded by  saturated  steam  under  sufficient 
pressure  to  give  the  desired  temperature. 

For  higher  temperatures,  such  as  those  oc- 
curring in   gas-engine  practice,  which  often 
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exceed  2,000°  F.,  some  form  of  pyrometer 
or  calorimeter  should  be  used.  That  of  Le 
Chatelier,  which  makes  use  of  the  thermo- 
couple,.has  been  successfully  used  for  accurately 
measuring  temperatures  over  2,500°  F. 

Indicator  Springs  —  For  gas-engine  indicat- 
ing, the  indicator  springs  used  should  be  much 
suffer  and  stronger  than  those  used  for  steam- 
engine  work,  so  as  to  enable  them  to  withstand 
the  higher  and  more  .suddenly  developed  pres- 
sure. When  indicator  springs  are  calibrated, 
the  temperature  of  the  indicator  should  be  as 
nearly  as  possible  the  same  as  that  which  exists 
during  the  test.  An  indicator  may  be  conven- 
iently heated  by  subjecting  it  to  steam  pressure 
immediately  before  calibration  and  the  actual 
work  of  calibration  then  performed  by  the  use 
of  compressed  air  or  compressed  carbonic  acid 
gas.  The  calibration  may  be  made  under  a  con- 
stant pressure,  or  more  satisfactorily  by  cover- 
ing the  whole  range  of  pressures  through  which 
the  indicator  acts,  by  gradually  increasing  the 
pressure  from  the  lowest  to  the  h:ghest  point, 
and  then  by  gradually  reducing  it  from  the 
highest  to  the  lowest  point,  and  a  mean  of  the 
results  taken  for  at  least  five  points  —  two  for 
the  pressures  corresponding  to  the  maximum 
and  minimum  pressures  and  three  for  equally 
distant  intermediate  points.  These  values 
should  be  compared  with  a  dead-weight  testing 
apparatus,  a  mercury  column,  or  a  steam  gauge, 
compared  with  either  of  the  two  first-named 
standards,  and  the  correct  scale  of  the  spring 
used  for  calculating  the  mean  effective  pressure 
from  the  indicator  diagrams  taken  during  the 
test,  should  be  the  average  based  on  this 
calibration. 

Gas  Meiers  — A  meter  used  for  measuring 
the  gas  supplied  to  a  gas  engine  should  be 
calibrated  by  comparing  its  readings  with  the 
displacement  of  a  gasometer  of  known  volume; 
with  a  standard  gas  meter  of  known  error; 
or  by  passing  air  through  the  meter  from  a  tank 
containing  air  under  pressure.  In  the  latter 
case,  the  pressure  and  temperature  of  the  air  in 
the  tank,  both  at  the  tank  and  the  meter,  should 
be  observed  at  uniform  intervals  of  time  dur- 
ing the  work  of  calibration;  and  the  amount  of 
air  passing  through  the  meter  calculated  from 
the  volume  of  the  tank  and  the  observed  tem- 
peratures and  pressures. 

The  volume  of  the  gas  thus  ascertained 
should  be  reduced  to  the  equivalent  volume  at  a 
given  temperature  and  atmospheric  pressure, 
corrected  for  the  effect  of  moisture  in  the  gas, 
which  is  usually  at  or  near  the  point  of  satura- 
tion. For  gas-engine  work,  a  convenient  stand- 
ard is  the  equivalent  volume  of  the  gas  when 
saturated  with  moisture  at  normal  atmospheric 
pressure  at  a  temperature  of  60°  F.  A  vol- 
ume of  moist  gas  at  any  other  temperature 
may  be  reduced  to  this  standard  by  being  multi- 
plied by  the  factor 

450-4+60  v  b—  (29.92— «) 
459-4+t    X        29-4  ' 

in  which  b  represents  the  reading  of  the  barome- 
ter in  inches  at  32°  F. ;  t.  the  temperature  of 
the  gas  at  the  meter  in  degrees  F. ;  and  s, 
the  vacuum  in  inches  of  mercury  corresponding 
to  the  temperature  of  t  given  in  the  steam 
tables. 

8.  Duration  of  a  Test  —  The  length  of  time 
devoted  to  a  test  will  depend  largely  upon  its 


character  and  the  purpose  for  which  it  is  made. 
For  determining  the  working  economy,  the  time 
allowed  should  be  equal  to  the  number  of  hours 
per  day  during  which  the  engine  is  really  oper- 
ated. In  the  case  of  a  gas  engine  using  pro- 
ducer gas,  the  time  should  be  sufficient  to  deter- 
mine the  amount  of  coal  used  in  the  gas  pro- 
ducer. It  should  never  be  less  than  24  hours, 
and  usually  it  should  extend  over  several  days. 

9.  Commencement  of  a  Test. —  If  the  test 
is  to  determine  the  performance  of  an  engine 
under  working  conditions,  it  should  begin  at  the 
time  the  engine  is  started,  and  the  observations 
continued  until  it  shuts  down  for  the  day.  If 
the  test  is  for  determining  the  maximum 
economy  of  the  engine,  at  first  it  should  ke 
run  a  sufficient  length  of  time  to  make  all  condi- 
tions normal  and  constant,  then  the  observa- 
tions may  be  commenced  and  continued  for  the 
allotted  time. 

10.  Measurement  of  Water. —  In  the  case  of 
a  steam  engine  this  relates  to  the  feed^water  or 

measure  all  the  feed  water  supplied  to  the  boil- 
ers, and  deduct  therefrom  all  the  water  dis- 
charged by  separators  and  drips,  and  the  water 
and  steam  lost  by  leakage  from  the  boiler  and 
its  main  and  branch  pipe  connections  with  the 
engine.  Where  the  engine  exhausts  into  a  sur- 
face condenser,  the  steam  consumption  can  be 
measured  by  measuring  the  quantity  of  water 
discharged  by  the  air  pump  and  adding  thereto 
the  steam  used  by  jackets,  reheaters  and  auxil- 
iaries as  determined  independently.  In  measur- 
ing the  water,  it  should  be  carried  through  a 
tank  resting  on  the  platform  of  a  suitably 
arranged  weighing  scales,  and  the  water  subse- 
quently emptied  into  a  reservoir  beneath,  from 
which  the  pump  is  supplied. 

For  measuring  small  quantities  of  water, 
about  6,000  pounds  per  hour,  the  most  conven- 
ient apparatus  consists  of  a  small  hogshead 
connected  to  the  suction  pipe  of  the  pump  or 
injector  and  an  ordinary  oil  barrel  placed  on 
a  platform  scale.  The  barrel  is  filled  by  means 
of  a  cold-water  pipe  leading  from  the  source  of 
supply.  For  pressure  not  less  than  25  pounds 
per  square  inch,  this  pipe  should  have  an  inter- 
nal diameter  of  one  and  one-half  inches.  The 
outlet  valve  of  the  barrel  is  attached  to  the  side 
near  the  bottom  and  should  be  at  least  two  and 
one-half  inches  in  diameter,  so  as  to  permit 
of  quick  emptying. 

Where  larger  quantities  of  water  have  to  be 
measured,  the  barrel  can  be  replaced  by  a  hogs- 
head and  two  hogsheads  can  be  joined  together 
for  the  lower  reservoir.  With  this  arrangement, 
when  the  weighing  hogshead  is  supplied  through 
a  two  and  one-half  inch  valve  under  25  pounds 
of  pressure  and  emptied  through  a  five-inch 
valve,  the  capacity  attained  is  15,000  pounds  of 
water  per  hour. 

For  the  measurement  of  very  large  quanti- 
ties, or  in  some  cases,  very  small  quantities,  the 
orifice  method  gives  the  most  satisfactory  re- 
sults, and  when  applied,  the  average  head  of 
water  on  the  orifice  must  be  ascertained  and 
the  discharge  of  the  orifice  should  be  calibrated 
under  the  conditions  of  use. 

In  the  case  of  an  internal  combustion  engine, 
the  measurements  of  water  relate  to  that  sup- 
plied to  the  water-jacket  provided  for  cooling 
the  temperature  of  the  cylinder.   The  measure- 
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ments  may  be  made  by  the  methods  already 
described,  but  care  should  be  taken,  in  cases 
where  the  temperature  exceeds  212°  F.,  first 
to  cool  the  water  by  discharging  it  into  a 
tank  of  cold  water  previously  weighed,  or  by 
passing  it  through  a  coil  of  pipe  immersed  in 
running  cold  water,  so  as  to  prevent  the  loss  of 
evaporation  which  takes  place  when  hot  water 
is  discharged  into  the  open  air. 

11.  Determination  of  Speed. —  The  speed  of 
the  engine,  or  the  number  of  revolutions  of  the 
crank  shaft  per  minute,  can  be  determined  by 
counting  the  number  of  revolutions  in  one 
minute  with  the  eye  fixed  on  the  second  hand 
of  a  timepiece,  or  by  the  use  of  some  form  of 
mechanical  counter  such  as  a  tachometer,  or 
continuous  recording  engine  register.  The  use 
of  such  instruments  is  imperative  when  the 
speed  exceeds  250  revolutions  per  minute. 

In  the  case  of  internal  combustion  engines 
governed  by  the  hit-or-miss  method,  the  number 
of  explosions  per  minute  should  be  ascertained, 
when  the  engine  is  running  under  nearly  maxi- 
mum load,  by  counting  the  number  of  times  the 
action  of  the  governor  causes  a  miss  in  the 
explosions. 

The  determination  of  variation  of  speed  dur- 
ing a  single  revolution  on  the  effect  of  fluctua- 
tions due  to  sudden  changes  of  load  should  be 
made  especially  in  the  case  of  engines  employed 
to  drive  electric  generators  used  for  lighting 
purposes. 

12.  Indicator  Diagrams  —  From  the  indi- 
cator diagrams  taken  during  the  test  for  the 
computation  of  the  mean  effective  pressure,  etc., 
sample  diagrams  nearest  to  the  mean  should  be 
appended  to  the  report. 

The  mean  effective  pressure  (M.F..P.)  is 
obtained  as  follows :  Measure  the  diagram  with 
a  planimeter  and  divide  the  area,  in  square 
inches,  thus  obtained  by  the  length  of  the  dia- 
gram in  inches  to  obtain  the  mean  height  or 
mean  ordinate  of  the  diagram.  Multiply  the 
mean  ordinate  by  the  scale  of  the  indicator 
spring  and  the  product  will  be  the  mean  effective 
pressure  desired.  In  the  absence  of  a  planime- 
ter. the  diagram  can  be  divided  by  10  ordinates 
and  their  mean  length  taken  for  that  of  the 
mean  ordinate.  If  the  indicator  is  soecially 
designed  for  indicating  internal  combustion 
engines,  the  mean  ordinate  should  l>c  multiplied 
by  twice  the  scale  of  the  spring,  unless  the  scale 
has  been  expressly  marked  for  the  reduced 
piston. 

In  the  case  of  internal  combustion  engines, 
when  indicator  diagrams  are  not  obtainable  and 
the  compression  pressure  is  known,  the  mean 
effective  pressure  may  be  determined  approxi- 
mately as  follows :  For  example,  in  gas  engines 
the  compression  pressure  ranges  from  70  to 
90  pounds  per  square  inch,  and  the  maximum 
pressure  developed  by  the  explosions  is  about 
3.5  times  the  compression  pressure.  Therefore, 
if  p  represents  the  compression  pressure,  then 
for  compressions  of  100  pounds  per  square  inch 
or  less,  M.E.P."  2p  —  001p*:  thus,  if  p  — 
70  pounds  per  square  inch,  M.F..P.  ~  140 —  49 
=91  pounds  per  square  inch. 

In  the  case  of  a  steam  engine,  the  steam 
accounted  for  by  the  indicator  diagram  may  be 
calculated  by  means  of  the  formula 

H750 

M=M  E  P  (  (C+E)  X  Wr-(H+R)  X  Wh), 

which  will  give  the  weight  in  pounds  per  indi- 
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cated  horse  power  per  hour.  M.E.P.  represents 
the  mean  effective  pressure,  which  in  the  case 
of  a  multiple-expansion  engine  is  the  combined 
mean  effective  pressure  referred  to  the  cylinder 
in  question.  For  example :  In  the  case  of  a  com- 
pound engine,  the  combined  mean  effective 
pressure  for  the  high  pressure  cylinder  consists 
of  two  items:  (1)  the  mean  effective  pressure 
of  the  high  pressure  cylinder,  and  (2)  the  mean 
effective  pressure  of  the  low  pressure  cylinder 
multiplied  by  the  ratio  of  the  piston  displace- 
ment of  the  low  pressure  cylinder  to  that  of  the 
high  pressure  cylinder.  The  sum  of  these  two 
items  is  the  combined  mean  effective  pressure 
for  the  high  pressure  cylinder. 

Similarly  the  combined  mean  effective  pres- 
sure for  the  low  pressure  cylinder  consists  of 
(1)  the  mean  effective  pressure  of  the  low 
pressure  cylinder,  and  (2)  the  mean  effective 
pressure  of  the  high  pressure  cylinder  divided 
by  the  ratio  already  stated.  The  sum  of  the 
two  items  is  the  combined  mean  effective  pres- 
sure of  the  low  pressure  cylinder. 

In  the  given  formula,  C  represents  the  pro- 
portion of  the  piston  stroke  completed  at  points 
on  the  expansion  line  of  the  diagram  near  the 
actual  cut-off  or  release;  H  the  proportion  of 
compression ;  and  E  the  proportion  of  clearance ; 
all  of  which  are  determinable  from  the  indicator 
diagram.  Wc  represents  the  weight  of  one 
cubic  foot  of  steam  at  the  cut-off  or  release 
pressure;  and  Wh  the  weight  of  one  cubic  foot 
of  steam  at  the  compression  pressure. 

13.  Standards  of  Economy  and  Efficiency. 
—  The  standard  expression  for  engine  economy, 
as  already  stated,  is  the  hourly  consumption  of 
heat  units  divided  by  the  indicated  horse  power 
or  the  brake  horse  power.  The  standard  ex- 
pression for  efficiency  is  the  thermal  efficiency 
ratio,  or  the  proportion  which  the  heat  equiva- 
lent of  the  power  developed  bears  to  the  total 
amount  of  heat  actually  consumed,  as  deter- 
mined by  test.  One  horse-power-hour  represents 
the  consumption  of  2,545  B.T.U.'s  per  hour, 
therefore, 

 2  MS  

B.T.U.'s  per  borM  power  per  hour 

expresses  the  thermal  efficiency  ratio. 

In  comparing  the  standard  for  internal  com- 
bustion engines  with  that  for  steam  engines,  it 
must  be  noted  that  the  former  usually  covers 
the  losses  due  to  combustion,  but  the  latter  does 
not,  and  therefore,  in  order  to  make  a  direct 
comparison  between  the  two  classes  of  engines 
as  complete  horse-power  plants,  the  losses  in 
generating  the  working  agent  must  be  consid- 
ered in  both  cases  not  only  on  the  basis  of  the 
fuel  used,  but  on  the  basis  of  equivalent  fuel 
used  in  each  case.  In  comparing  a  gas  engine 
plant  using  producer  gas,  with  a  steam  plant, 
the  producer  should  be  included  in  the  former, 
and  then  the  fuel  consumption,  represented  by 
the  weight  of  coal  in  both  cases,  may  be  directly 
compared. 

14.  Heat  Analysis—  For  scientific  purposes, 
a  heat  analysis  of  the  indicator  diagram,  in  the 
case  of  a  steam  engine,  and  a  heat  balance  in 
the  case  of  an  internal  combustion  engine,  should 
be  made,  showing  the  manner  in  which  the  total 
heat  of  combustion  is  expended  in  working  the 
engine. 

In  the  case  of  a  steam  engine,  the  analysis 
shows  the  interchange  of  heat  from  steam  to 
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cylinder  walls,  etc.  For  example:  the  amount 
of  heat  supplied  to  the  engine  in  a  given  time  is 
represented  by  the  number  of  pounds  of  steam 
supplied  multiplied  by  the  total  heat  of  one 
pound  of  steam.  A  portion  of  this  heat  is  used 
in  the  jacket,  if  one  be  employed,  and  the 
remainder  passes  through  the  cylinder.  The 
heat  entering  the  jacket  is  lost  partly  by  radia- 
tion from  the  outside  surface,  and  the  remainder 
enters  the  walls  of  the  cylinder  and  is  absorbed 
by  the  steam  within  it.  The  cycle  of  operations 
within  the  cylinder  consists  of  the  following 
phases:  (1)  A  portion  of  the  entering  heat  is 
transferred  into  a  small  portion  of  the  thick- 
ness of  the  cylinder  walls,  and  heats  them  to  the 
temperature  of  the  entering  steam.  This  trans- 
ference of  heat  is  more  active  during  the  period 
of  admission  and  up  to  the  point  of  cut-off  than 
during  any  other  part  of  the  cycle.  (2)  Beyond 
the  point  of  cut-off,  the  transference  of  heat 
continues  until  the  lower  pressure  due  to  ex- 
pansion causes  the  temperature  of  the  steam 
to  fall  below  that  of  the  interior  surfaces  of  the 
cylinder  last  uncovered.  At  this  point  the  inter- 
change of  heat  is  reversed,  the  metal  giving  up 
heat  to  the  steam,  and  causing  the  re-evapora- 
tion of  the  particles  of  water  condensed  on  the 
surface  of  the  cylinder  walls  and  piston.  The 
radiation  of  heat  from  the  small  thicknesses  of 
the  interior  walls,  wh'ch  were  heated  during 
admission  to  the  temperature  of  the  entering 
steam,  commences  after  cut-off  or  after  the 
pressure  begins  to  lower  by  expansion,  and  con- 
tinues to  the  end  of  the  stroke. 

A  portion  of  the  heat  is  also  expended  in  the 
performance  of  work,  and  a  loss  of  heat  is 
sustained  by  radiation  from  those  portions  of 
the  cylinder  not  protected  bv  the  jacket.  The 
amount  of  heat  remaining  after  the  steam  has 
passed  through  these  operations  is  that  which  is 
rejected  by  it  through  the  exhaust  valve  to  the 
atmosphere  or  to  the  condenser. 

In  the  case  of  an  internal  combustion  engine, 
the  total  heat  of  combustion  expended  in  the 
working  of  the  etiginc  may  be  divided  into 
three  parts:  (1)  Heat  converted  into  work  and 
represented  by  indicated  or  brake  horse  power. 
(2)  Heat  carried  away  by  the  cooling  water 
circulated  through  the  water  jacket.  (3)  The 
hea»  lost  in  the  exhaust  gases,  and  through 
incomplete  combustion  and  radiation. 

15.  Heat  Converted  into  Indicated  or 
Drake  Horse  I'ouer. — The  number  of  foot- 
pounds of  work  done  by  one  pound  or  one  cubic 
foot  of  fuel  divided  by  778,  the  mechanical 
equivalent  of  one  British  Thermal  Unit,  will 
givt  the  number  of  heat  units  desired. 

16.  Heat  Carried  Aua\  by  the  Jacket 
Water  —  This  is  determine  J  by  measuring  the 
quantity  of  cooling  water  passed  through  the 
water  jacket  equivalent  to  one  pound  or  one 
cubic  foot  of  fuel  consumed,  and  calculating 
the  amount  of  heat  rejected  bv  multiplying 
that  quantity  by  the  difference  of  the  tempera- 
ture of  the  water  entering  and  leaving  the 
jacket. 

17.  Heal  Rejected  in  the  Exhaust  Cases, 
or  Total  Heat  Unused. —  The  sum  of  the  heat 
converted  into  brake  horse  power  and  t he  heat 
carried  away  by  the  jacket  water,  subtracted 
from  the  total  boat  supplied,  will  give  the  total 
heat  rejected  or  unused. 

In  order  to  determine  the  cost  of  each  horse- 


power hour  in  thermal  units,  the  gas  consumed 
and  the  air  supplied  should  be  reduced  to  the 
conditions  of  temperature  and  pressure  corre- 
sponding to  some  adopted  standard.  This  may 
be  done  as  staled  under  gas  meters  in  rule  7, 
or  more  conveniently  by  the  formula 

I  v'p« 
V—  -  x  — 
p  ~  |i 

in  which  v"™  volume  of  gas  reduced  to 
standard;  r^l'+eO'— 52P  F,  absolute 
standard  temperature ;  p  =  29.92  inches  of  mer- 
cury; v'—'volume  of  gas  registered  by  meter; 
p"=pressure  of  gas  at  meter  measured  hy 
manometer  in  inches  of  water;  t1  —  absolute 
temperature  of  ga«. 

Since  t  and  p  arc  constants 

v  =  18  oo 

and  as  p*  and  t'  are  practically  constant  dur- 
ing a  given  test,  v  «=  Ev\  in  which 

B=18  oo£'t 

and  p*  =  height  of  barometer  +  (0.073  X  read- 
ing of  manometer);  and  t1  —  temperature  of 
gas  at  mctcr-f-461. 

For  example:  Assume  the  heights  of  the 
barometer  as  29.40  inches;  the  reading  of  the 
manometer  as  6  inches;  the  temperature  of  the 
gas  80°  F. ;  and  the  volume  of  the  gas  regis- 
tered by  the  meter  350  cubic  feet ;  then  for 
determining  (v)  the  equivalent  volume  of  gas 
for  standard  conditions: 

p»i=29.40+(0  073X  6)  =29.84 
tiz=80-M6l  —  54J; 

_      18.00X29  84 

K  =a  —  =0.976; 

then  v  — 0.976  X  350  ™  341 .6  cubic  feet. 

The  air  supplied  should  be  entered  and  re- 
duced to  standard  conditions  in  the  same 
manner. 

If  the  rate  method  is  employed  to  ascertain 
the  amount  of  gas  consumed,  me  number  of 
cubic  feet  for  a  ten-minute  interval  may  be 
found  by  dividing  the  number  of  cubic  feet 
registered  by  one  revolution  of  the  small  dial  by 
the  time  in  seconds  elapsed  at  the  completion  of 
that  revolution  and  multiplying  the  result  bv 
6.000. 

18.  Indicated  Horse  Power  (I. HP.). —  This 
factor  is  expressed  by  the  formula  — 
, „ _  PxLxAxN 
I  H  P—      3J.000  ' 

in  which  P  is  the  mean  effective  pressure  in 
pounds  per  square  inch;  L  the  length  of  the 
piston  stroke  in  feet ;  A  the  area  of  the  piston 
in  square  inches;  and  N  the  number  of  revolu- 
tions of  the  engine  crank  shaft  per  minute. 
AxL 

33.CO0 ' 

is  constant  for  a  given  engine,  and  in  the  case  of 
an  internal  combustion  engine,  N  is  the  number 
of  explosions  per  minute. 

1".  Drake  Horse  Potter  (B.H.P.).— When 
this  factor  is  determined  by  the  use  of  some 
form  of  dynamometer,  such  as  the  Pronv  brake, 
it  may  be  readily  computed  from  the  formula  — 

in  which  \V  is  the  net  weight  in  pounds  on  the 
scales;  N  the  ni'mlvr  of  revolutions  per  nv'nute ; 
L  the  length  ot  the  lever  arm  from  the  centre 
of  the  braked  wheel  to  the  knifc-edge  of  the 


brake,  or  the  radius  of  the  braked  wheel  if 
a  rope  brake  is  used;  and  C  the  circumference 
of  the  braked  wheel. 

CxL  , 
J  A  ooo 

is  constant  for  a  given  Pror.y  brake,  therefore, 
if  L  be  made  five  and  one-quarter  feet,  this 
constant  becomes  0.001,  and  gives  the  simple 
and  very  convenient  expression  — 

20.  Total  B.TV.'s  Per  Hour  — The  total 
amount  of  gas  consumed,  in  cubic  feet,  multi- 
plied by  its  calorific  value. 

B.T.U.'s  Per  Brake  Horse  Power  Hour.— 
The  total  B.T.U.'s  per  hour  dvided  by  the 
brake  horse  power. 

B.T.U.'s  Per  Indicated  Horse-power  Hour. 
—  The  total  B.T.U.'s  per  hour  divided  by  the 
indicated  horse  power. 

Friction  Horse  Power. —  The  difference  be- 
tween the  indicated  horse  power  and  the  brake 
horse  power. 

Thermal  Efficiency. —  The  ratio  of  2,545 
B.T.U.'s  to  the  B.T.O.'s  per  horse-power  hour. 

Mechanical  Efficiency.—  The  ratio  of  the 
brake  horse  power  to  the  indicated  horse  power. 

William  Morey,  Jr.,  C.E., 
Consulting  Civil  and  Mechanical  Engineer,  New 
York. 

ENGINE  INDUSTRY.  Notwithstanding 
the  wonderfully  rapid  development  of  water 
power  and  of  the  internal  combustion  engine, 
the  steam  engine  holds  its  own  in  the  industries 
of  the  world.  The  total  steam  engine  horse 
power  used  in  manufacturing  in  the  United 
States,  which  was  8,139,574  in  1900.  rose  to 
14,199,339  in  the  1910  census.  Seven  great 
industries  utilize  56  per  cent  of  the  horse 
power  employed  in  manufacturing  in  this  coun- 
try, and  76  per  cent  of  the  power  they  use  is 
based  on  the  steam  engine.  The  industries 
meant  are  lumber,  steel  works  and  rolling  mills, 
paper  and  pulp  mills,  cotton  factories,  blast 
furnaces,  foundries  and  machine  shops  and  grist 
mills.  In  only  one  of  the  seven  —  the  paper  and 
pulp  industry,  which  requires  large  quantities 
of  water  for  dissolving  pulp  —  is  steam  power 
less  used  than  water  power.  The  fourteen 
million  horse  power  quoted  does  not  by  any 
means  represent  the  total  employment  of  steam 
engine  power  in  the  country,  but  only  such  as 
the  census  gathers  as  reported  by  manu- 
facturers. It  does  not  cover  steam  engine  power 
used  on  vessels,  nor  used  in  mines  and  quarries, 
nor  its  vast  employment  in  the  locomotives  that 
do  most  of  the  haulage  on  the  railways,  nor  a 
number  of  minor  uses.  These  are  reported  in 
other  ways,  or  escape  enumeration.  The  best 
way  of  measuring  the  steam  engine  industry  is 
to  note  that  450,000  000  long  tons  of  coal  are 
used  in  the  United  States  even-  vear,  and  it  is 
estimated  that  at  least  3*0.000.000  tons  of  this 
is  consumed  under  boilers  to  make  steam.  Evi- 
dently while  th<-  coal  holds  out  the  steam  engine 
is  going  to  continue  the  favorite  power-producer, 
because  it  can  be  located  anywhere  and  it*,  cost 
•*  moderate.  Even  the  electric  raih«av  lines 
around  New  York  city  and  the  flecfric  lipht  and 
power  compames  there,  base  their  power  cn- 
Ur(lv  on  the  steam  enenV. 
.  There  arc  no  complete  fieures  of  the  engine 
industry  because  it  is  so  completely  interwoven 


with  other  activities  that  it  cannot  be  separated. 
Thousands  of  machinery  manufacturers  build 
steam  engines,  which  are  part  of  this  or  that 
special  industry,  often  being  for  their  own  use. 
The  internal  combustion  engines  alone  are 
mixed  up  with  20  different  industries  from 
automobiles  to  blast  furnaces  and  a  vast  num- 
ber of  engines  are  built  direct-connected  to 
dynamos  and  credited  to  the  electrical  indus- 
tries. See  Internal  Combustion  Engine; 
Gas  Engine;  Steam  and  Steam  Engines; 
Locomotive;  Locomotive  Industry;  Automo- 
bile Engine;  Aeroplane 

ENGINE  STARTERS,  or  "self-starters," 
auxiliary  devices  for  the  purpose  of  starting 
gasoline  automobiles  (or  other)  engines  with- 
out laborious  method  of  turning  the  hand  crank 
commonly  provided.  Self -starters  operate  upon 
either  of  two  principles:  the  crank  shaft  is 
rotated  by  external  mechanism,  causing  the 
pistons  to  charge  the  cylinders  with  gas  to  be 
exploded  when  the  spark  is  turned  on ;  or  the 
injection  of  gas  into  one  or  more  cylinders  with- 
out rotation  of  the  crank  and  the  production 
of  a  spark  in  all  the  cylinders  simultaneously 
so  that  the  charged  cylinder  will  come  into 
action.  Mechanical  starters  are  operated  by  a 
heavy  spring,  by  compressed  air,  or  by  electric- 
ity. They  require  a  considerable  addition  to 
the  machinery  of  the  car  as  well  as  to  its 
weight,  especially  in  the  case  of  the  electric 
starter  and  add  many  sources  of  possible  trouble 
in  an  already  complicated  machine. 

The  gas  injector  system  adds  simply  a  small 
hand  pump  at  the  driver's  scat  or  on  the  dash- 
board, two  strokes  of  which  effects  the  charg- 
ing of  the  cylinders;  and  the  throwing  of  a 
switch  fires  the  charge.  In  automobiles  which 
employ  acetylene  gas  for  lighting,  an  attach- 
ment is  furnished  by  which  this  gas  may  be 
used  in  priming  the  cylinders  for  starting.  The 
acetylene  mixture  is  claimed  to  be  more  certain 
of  explosion  than  an  uncompressed  charge  of 
gasoline  vanor  and  air.  Consult  Cross,  II.  II.  U., 
'Electric  Lighting  and  Starting'  (London 
1915)  ;  Duryea,  C.  E.  and  Romans,  J.  E-,  'The 
Automobile  Book'  (New  York  1916);  Page, 
V.  W.,  'The  Modern  Gasoline  Automobile* 
(New  York  1912). 

ENGINEER  CORPS,  a  branch  of  the 
service  of  the  United  States  Navy;  and  of 
those  of  other  countries.  The  first  step  toward 
the  organization  of  an  engineer  corps  in  the 
United  States  Navy  was  taken  on  2  July  1836, 
when  C.  H.  Haswell  (q.v.)  was  appointed  chief 
engineer  of  the  Fulton;  it  was  not,  however, 
until  31  Aug.  1842  that  Congress  passed  an  act 
providing  for  a  regular  corps,  under  which  act 
chief  engineers  were  "commissioned"  and  assist- 
ants "warranted."  On  3  March  1845  Congress 
passed  an  act  whereby  tue  power  of  appointing 
engineer  officers  was  transferred  from  the  Sec- 
retary of  the  Navy  to  the  President  "by  and 
with  the  advice  and  consent  of  the  Senate* 
With  the  growth  of  the  NaN'y  the  corns  gradu- 
ally increased  till  at  the  time  of  the -Civil  War 
there  were  474  regulars  and  1.803  volunteers. 

A  course  of  instruction  for  cadet  engineers 
was  established  at  the  Naval  Academv  bv  act  of 
Congress  4  July  1864.  The  original  two-year 
course  was  changed  to  four  years  in  1874  and 
continued  in  vogue  till  1882.  when  on  5  August 
Congress  amalgamated  the  cadet  engineers  and 
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midshipmen  and  they  are  now  known  as  naval 
cadets.  The  cadets  then  took  the  usual  six 
years'  course  at  the  Academy  and  upon  com- 
pletion of  the  third  year  of  the  course  were 
divided  into  an  Engineer  Division  and  a  Line 
Division  in  proportion  to  the  vacancies  that 
have  occurred  in  the  several  corps  during  the 
preceding  year.  At  the  end  of  the  six  years* 
course  appointments  to  fill  vacancies  in  the 
Line  and  in  the  Marine  Corps  were  made  from 
the  Line  Division,  and  to  fill  vacancies  in  the 
Engineer  Corps  from  the  Engineer  Division. 
If,  after  making  assignments  as  above,  there 
should  still  be  vacancies  in  one  branch  and  sur- 
plus graduates  in  the  other,  the  vacancies  in  the 
former  were  filled  by  assignment  to  it  of  sur- 
plus graduates  from  the  latter.  This  arrange- 
ment was  in  vogue  until  the  Line  and  Engineer 
Corps  were  amalgamated  under  the  act  of  3 
March  1899,  at  which  time  the  Engineer  Corps 
ceased  to  be  a  separate  organization,  the  older 
officers  now  being  required  to  perform  engineer- 
ing duties  only,  whereas  the  younger  officers 
must  pass  examinations  in  navigation,  gunnery', 
seamanship,  etc.  A  grade  of  warrant  machinists 
to  perform  watch  duties  was  also  established  be- 
cause of  the  lack  of  commissioned  officers  for 
this  work  See  Naval  Academy,  United 
States;  United  States  Navy. 

ENGINEERING  is,  in  its  strict  sense,  the 
art  of  designing,  constructing,  or  using  engines, 
but  the  word  is  now  applied  in  a  more  extended 
sense,  not  only  to  that  art,  but  to  that  of  execut- 
ing such  works  as  are  the  objects  of  civil  and 
military  architecture,  in  which  engines  or  other 
mechanical  appliances  are  extensively  employed. 
Engineering  is  divided  into  many  branches,  the 
more  important  being  civil,  mechanical,  electri- 
cal, mining,  military',  marine  and  sanitary  engi- 
neering. 

Among  the  most  notable  of  the  engineering 
works  helonging  to  verv  remote  antiquity  are  the 
pyramids  of  Egypt.  The  rude  stone  monuments 
of  the  north,  as  at  Stonchenge  and  Carnac,  also 
testify  to  some  engineering  skill.  The  harbors 
and  temples  of  ancient  Greece  arc  very  memo- 
rable. The  buildings  of  ancient  Rome  —  its 
theatres,  temples,  baths  and  aqueducts,  its 
roads,  bridges  and  drainage-works  —  vie  in  ex- 
tent and  magnificence  with  the  most  celebrated 
works  of  modern  times.  From  that  period 
down  to  the  commencement  of  the  18th  century 
the  most  extensive  works  executed  were  the 
canals,  embankments  and  other  hydraulic  con- 
struction used  by  the  Dutch  for  the  purposes 
of  inland  navigation  and  to  protect  their  low 
lands  from  the  sea;  the  canals  of  North  Italy; 
and  the  cathedrals  and  fortifications  of  mediaeval 
Europe. 

If  the  question  were  asked  as  to  the  char- 
acteristic feature  of  the  modern  applied  science 
of  engineering,  the  reply  would  undoubtedly  be : 
'The  wholesale  manner' in  which  work  is  carried 
on."  It  is  not  so  very  long  ago  that  even-thing 
except  the  smallest  articles  and  those  required  in 
great  quantity  were  made  singly,  or  at  least  in 
small  lots;  and  even  when  standardizing  and  in- 
terchangeabilitv  were  introduced  these  methods 
wore  hv  no  means  used  m  a  wav  which  showed  a 
realization  of  their  possibilities.  The  present 
tendency,  on  the  contrary,  is  toward  the  elimina- 
tion altogether  of  things  wh'ch  cannot  he  made 
wholesale;  and  methods  which  formerly  applied 


to  firearms,  sewing-machines,  typewriters  and 
the  like  are  now  in  general  use  in  the  manu- 
facture of  steam  engines,  machine  tools,  elec- 
trical machinery  and  nearly  all  mechanical 
products. 

This  has  been  brought  about  by  a  combina- 
tion of  two  processes:  (1)  the  standardization 
of  methods  of  manufacture;  and  (2)  the  dis- 
couragement of  the  demand  for  special  articles. 
Formerly  the  customer  told  the  manufacturer 
what  was  wanted  and  the  latter  hastened  to  pro- 
duce it.  Or  the  plans  and  specifications  for  a 
certain  structure  were  prepared  by  a  consulting 
engineer  and  all  bidders  were  required  to  con- 
form to  these  documents  in  the  minutest  details; 
no  two  such  specifications  being  alike.  At  the 
present  time  the  customer,  knowing  what  he 
wishes  to  accomplish,  seeks  to  do  so  as  best 
he  may  by  means  of  the  standard  articles  in  the 
market;  or  if  it  be  a  great  engineering  struc- 
ture, the  engineer  specifies  only  the  general  re- 
quirements to  be  met,  leaving  each  manufac- 
turer to  meet  these  with  his  own  standardized 
product.  The  influence  of  these  modifications 
in  engineering  practice  extends  to  the  manu- 
facture and  supply  of  materials. 

The  result  oi  this  concentration  and  stand- 
ardization has  been  to  reduce  costs  very  mate- 
rially and  render  possible  undertakings  which 
would  otherwise  be  prohibitory  in  price.  While 
to  a  certain  extent  it  has  obliterated  individuality 
in  design,  it  has  also  removed  much  useless 
repetition  and  has  prevented  needless  expense 
in  the  production  of  rival  machines,  differing 
hut  slightly  in  design,  yet  requiring  duplications 
of  drawings,  patterns  and  tools.  There  is  little 
doubt  that  it  is  to  this  wholesale  development  of 
various  departments  of  engineering  work  that 
the  rapid  extension  of  the  share  of  the  United 
States  in  the  work  of  the  world  is  largely  due. 
See  Civil  Engineering;  Electrical  Engineer- 
ing; Hydraulic  Engineering;  Mechanical 
Engineering;  Engineering,  Marine;  Fortifi- 
cations ;  Mining  Engineering;  Naval  Con- 
struction; Sanitary  Engineering.  Also  En- 
gineering Terms;  Engineering  Instruments; 
Education,  Engineering;  Mechanics. 

ENGINEERING,  Electrical  See  Electri- 
cal Engineering. 

ENGINEERING,  Hydraulic.  See  Hy- 
draulic Engineering. 

ENGINEERING,  Marine,  is  partly  mili- 
tary and  partly  civil,  embracing  naval  architec- 
ture, building  "and  operating  of  ships  and  naval 
accessories.  In  the  military  sense,  it  comprises 
the  construction  of  war  vessels  and  the  con- 
struction and  placing  of  torpedoes,  submarine 
mines,  etc.  See  Navy;  Naval  Construction; 
Submarine  Minfs,  etc. 

ENGINEERING,  Mechanical.  See  Me- 
chanical Engineering. 

ENGINEERING,  Mining.    See  Mining 

Engineering. 

ENGINEERING,  Sanitary.  See  Sanitary 

Engineering. 

ENGINEERING    EDUCATION.  See 

Education,  Engineering, 

ENGINEERING  INSTRUMENTS.  To 

attempt  a  definition  of  an  engineering  instru- 
ment is  hardlv  practicable,  as  the  wide  range  of 
departments  into  which  the  profession  is  now 
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divided  demands  so  many  special  appliances  for 
their  requirements  that  no  one  description  is 
possible  and  an  extended  catalogue  is  inad- 
missible within  the  limits  of  this  article.  The 
earliest  known  engineering  instrument  was  the 
Diopter  of  Hero  of  Alexandria,  130  b.c,  al- 
though rude  appliances  must  have  been  used 
long  before  that  time  by  the  ancient  engineers 
in  the  construction  of  the  public  works  of 
Chaldaea  and  Egypt,  the  ruins  of  which  even 
now  awaken  our  admiration  and  wonder.  It 
was  not,  however,  until  the  beginning  of  the 
19th  century  that  the  great  impulse  to  the  con- 
struction and  use  of  engineers'  instruments  was 


and  lightness  of  construction  combined 
with  great  strength  and  an  adaptability  of 
parts  for  the  special  service  required.  It 
is  not  the  purpose  of  this  article  to 
attempt  a  description  of  the  various  instru- 
ments used  by  engineers  —  this  may  be  found  in 
the  article  Surveying  —  but  to  give  the  reader 
a  general  idea  of  their  construction. 

The  metals  used  in  the  construction  of  engi- 
neers' instruments  are  principally  the  alloys  of 
copper  and  tin  with  small  quantities  of  silver, 
aluminum  and  German  silver.  Great  care  must 
he  constantly  exercised  that  these  substances  be 
free  from  iron  or  other  materials  which  would 


Engineer's  Transit. 


given  by  the  advance  of  civilization  and  com- 
merce incident  to  the  application  of  stram 
as  a  motive  power  on  sea  and  land.  Since  that 
time  great  advances  have  been  made  not  only 
in  the  design  and  accuracy  of  engineering  in- 
struments but  also  in  the  invention  of  new  in- 
struments for  the  many  purposes  required  by 
engineers  in  the  construction  of  railroads, 
canals,  bridges,  harbors,  etc. 

The  characteristics  of  engineers'  instruments 
differ  in  the  various  nations  as  the  requirements 
of  engineering  practice  and  thus  American  en- 
gineers' instruments  possess  a  distinct  char- 
acter of  their  own  as  compared  with 
other  nations,   having  as  a   rule   few  parts 


affect  the  magnetic  needle.  In  the  construction 
of  an  instrument  such  a  distribution  of  the 
metals  is  aimed  at  that  the  greatest  strength 
consistent  with  light  weight  may  be  obtained  and 
that  the  metals  coming  into  contact  at  the 
bearing  surface  may  be  of  such  varying  compo- 
sition as  to  cause  the  least  friction. 

Take,  for  the  purpose  of  better  illustration, 
an  American  transit,  illustrated  herewith,  as 
typical,  as  far  as  the  construction  is  concerned, 
of  nearly  all  engineering  instruments.  The  plate 
of  the  instrument  on  which  the  magnetic  needle 
is  mounted,  or  as  it  is  termed,  the  compass 
circle,  is  turned  with  great  care  so  that  the 
surface  may  be  absolutely  true  and  is  gradu- 
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ated  usually  into  720  spaces,  each  representing 
one-half  of  a  degree. 

Compass  circles  arc  usually  figured  in  quad- 
rants of  a  circle,  that  is,  from  0  at  the  point 
marked  "N»  or  "North"  to  90  and  back  again, 
while  the  figuring  of  the  limb  varies  with  the 
custom  of  the  maker  or  the  requirements  of 
the  engineer. 

In  engineers'  instruments,  however,  the  angu- 
lar measurements  arc  made  usually  without  the 
use  of  the  needle,  by  a  telescope  so  mounted  as 
to  revolve  in  a  vertical  or  a  horizontal  plane. 
The  angular  measurement  of  its  movement  is 
indicated  on  circles  divided  into  fractional 
spaces  of  a  degree  and  read  for  convenience  to 
finer  spaces  by  one  or  more  verniers.  Accuracy 
of  graduation  of  the  compass  circle,  and 
especially  of  the  limb,  is  essential  to  the 
perfection  of  the  instrument,  and  great  pains 
are  taken  by  manufacturers  in  perfecting 
and  improving  engines  for  graduating.  The 
best  machines  arc  ;ic    in    action  and 

the  spaces  arc  so  accurately  laid  off  that  there 
is  no  appreciable  error  in  the  finished  work. 
The  instrument  rests  on  the  socket  or  bearing 
surface  to  which  the  compass  plate  and  limb  are 


rays  of  light  entering  the  object  glass  may  be 
properly  retracted  and  concentrated  at  a  point 
called  the  focus. 

The  making  of  the  lenses  is  an  operation 
requiring  much  skill  in  manufacture,  as  upon 
the  accurate  grinding  of  the  curved  surfaces 
depends  the  quality  of  the  telescope. 

At  the  focus  of  the  object  glass  are  placed 
the  cross-wires,  which  are  filaments  of  spider 
web  or  very  fine  platinum.  In  conjunction  with 
these  are  often  used  two  more  wires  commonly 
called  stadia  wires,  so  placed  that  they  intercept 
on  a  rod  a  space  proportional  to  its  distance 
from  the  instrument,  thus  furnishing  an  effi- 
cient method  of  ascertaining  distances  di- 
rectly by  the  observer.  The  metal  parts 
of  the  instrument,  having  been  prepared, 
arc  polished  with  some  suitable  material,  a  prep- 
aration of  rouge  being  generally  used  for  fin- 
ishing the  surface  of  the  screws,  and  the  larger 
surfaces  being  finished  with  fine  emery  paper. 
The  larger  parts  are  usually  colored  dark  to 
avoid  reflection  of  the  sun,  while  the  smaller 
ones,  such  as  screws,  etc.,  are  left  bright  in 
order  that  there  may  be  a  pleasing  contrast  be- 
tween the  different  parts  of  the  instrument.  The 
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attached;  the  surfaces  of  the  socket  must  be 
so  accurately  fitted  together  as  to  produce  no 
error  when  the  parts  arc  moved  on  each  other. 
The  socket  is  mounted  on  a  leveling  head,  which 
is  actuated  by  three,  or  in  the  usual  American 
practice,  by  four  leveling  screws,  as  shown,  by 
means  of  which  the  instrument  can  be  accurately 
leveled.  Upon  the  compass  plate  are  placed  the 
standards  which  support  the  telescope,  the  prep- 
aration of  the  optical  parts  of  which  is  next  in 
importance  to  the  fitting  of  the  socket  and  the 
graduation. 

The  telescope  consists  of  an  eye  piece  and 
object  glass  mounted  in  a  tube.  The  eye  piece  is 
simply  a  magnifier  of  the  image  produced  at 
the  focus  of  the  object  glass.  Two  kinds  of 
eye  pieces  are  used,  one  showing  the  image 
erect,  and  the  other  showing  the  image  inverted. 
The  object  glass  is  composed  of  two  plates  of 
optical  glass  of  such  specific  gravity  and  re- 
fractive index  that  it  will  magnify  the  image 
clearly  without  prismatic  colors.  To  secure 
achromatism  the  two  parts  of  the  object  lens 
are  made  the  one  of  crown  and  the  other  of 
Hint  plass,  the  crown  being  a  light  glass  of 
soda  and  silica  and  (he  flint  being  a  heavier 
glass  containing  potash  and  lead.  The  surfaces 
of  each  arc  curved  to  such  a  degree  that  the 


parts,  prepared  as  above,  are  covered  with  a 
thin  coat  of  lacquer,  a  preparation  of  shellac 
and  alcohol,  applied  after  heating.  All  the  parts 
arc  assembled  and  fitted  together,  and  the  in- 
strument is  then  ready  for  the  final  complete  ad- 
justment. This  consists  in  fitting  the  sockets 
so  that  they  will  move  freely  on  each  other, 
placing  the  compass  plate  ana  limb  in  position 
on  the  sockets,  making  the  limb  truly  concen- 
tric with  the  socket  and  placing  the  verniers  in 
position.  The  telescope  must  be  so  adjusted 
that  its  parts  mav  work  freely,  and  having  been 
supplied  with  optical  parts,  etc.,  it  is  then  fitted 
to  the  standards  or  supports  previously  placed 
in  position  on  the  compass  circle.  The  whole 
instrument  is  then  tested  for  accuracy  and  if 
found  correct  is  packed  in  its  case  and  is  ready 
for  use. 

The  above  description  is  only  intended  to 
give  a  general  idea  of  the  construction  of  a 
typical  instrument,  but  the  same  methods  v*ill 
practically  apply  in  the  construction  of  all  engi- 
neering instruments,  such  as  levels,  plane-tables, 
alidades,  and  the  various  kinds  of  compasses, 
etc. 

ENGINEERING  SCHOOL.  See  Educa- 
tion. Technical. 
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ENGINEERING  TERMS.  Engineering 
has  spread  into  so  many  branches  that  it  is 
diihcult  to  differentiate  between  them  and  much 
more  difficult  to  separate  the  technical  verbiage 
of  the  several  divisions  of  the  profession.  The 
more  common  technical  terms  have  therefore 
been  gathered  together  here  for  the  benefit  of 
the  lay  reader. 

AsuTMrvr. —  A  side  support  or  buttressing  structure  to 
resist  lateral  pressure,  as  the  abutment  of  a  bridge-pier; 
anything  that  abuts  or  stands  out  as  a  support  or  brace. 

Action. —  The  active  moving  parts  of  a  machine,  as  a  piano- 
action  (the  keys,  levers  and  connections  for  sounding  the 
strings).  Also  a  single  complete  movement  or  stroke: 
used  mostly  in  the  phrases  single-action  and  double-ac- 
tion, the  latter  being  an  action  performed  on  both  strokes 
of  a  reciprocating  part. 

Anne  yling. —  The  process  of  heating  and  slowly  cooling,  as 
for  reducing  the  brittleness  and  increasing  the  toughness 
of  glass  or  steel.  Alio  fixing  an  enamel  or  color  on  earthen- 
ware or  china  by  heating  and  cooling.  The  annealing- 
arch  nf  the  glassmakcr  is  called  a  leer. 

Annular. — Ring-shaped.  m 

Arwx, —  The  top  of  a  cone,  pyramid,  truss,  outcropping  of 
ore.  etc.;  the  vertex  of  an  angle,  either  plane  or  solid. 

Aqueduct. —  A  water  conduit.   See  Aqueducts. 

Armor. — A  thing  constructed  for  protection  or  defense,  es- 
pecially the  steel  plates  of  a  war-vessel;  any  protecting 
device,  as  steel  wire  wound  around  a  submarine  cable,  a 
di'.'er'H  suit,  etc. 

Axis. —  The  theoretical  line  around  which  a  thing  turns; 
one  of  the  principal  line*  drawn  through  the  centre  of  a 
geometrical  figure,  especially  the  longest  and  shortest  of 
such  lines;  in  early  use.  an  axle. 

Axlf. —  The  central  fixed  part  on  which  a  wheel  turns, 
esiwciar.y  a  rod  or  bar  on  a  vehicle  having  a  spindle  on 
each  end  for  a  wheel.    Compare,  'Shaft'  in  this  list. 

Balance. —  The  condition  when  opposed  forces  exactly 
counteract  each  other;  equality  of  forces;  equilibrium; 
also  any  device  or  mechanism  that  secures  equilibrium, 
as  a  pair  of  scales;  any  weighing  mechanism  whose  es- 
sential part  is  a  scale-beam.  Any  one  of  similar  instru- 
ments, as  a  torsion-balance,  electric  balance  (Wheat- 
stone's  bridge),  the  balance-wheel  of  a  watch,  etc. 

Bah;. — A  tank  or  a  solution  in  a  tank,  as  for  electroplating; 
alio  the  molten  mass  in  a  reverberatory  furnace. 

Bevr&r. — A  supporting  part,  that  receive*  weight  or  strain. 

Bearing.—  The  box  or  journal  (or  simply  a  hole)  in  which 
a  moving  or  rotating  part  rests,  holding  it  in  position. 
Sec  Bearings. 

Belt.— A  continuous  band  or  strap,  as  of  leather,  for  trans- 
mitting power,  as  from  one  pulley  to  another,  or  for  con- 
veying. (See  Conveyer).  They  are  sometimes  made  of 
rubber,  cotton  or  steeL  Cotton  is  adopted  as  a  cheap 
substitute  for  leather;  steel  has  to  be  made  very  thin, 
and  if  bent  around  small  pulleys  is  liable  to  fracture. 
The  leather  belt,  having  moderate  elasticity,  is  generally 
preferred,  as  it  adheres  to  pulleys  by  friction,  and  slips 
in  case  of  accidental  stoppage. 

Belting. — A  system  of  belts,  also  belts  collectively. 

Bending  Moment. —  The  sum  of  the  external  force* 
which  act  upon  each  side  <jf  a  given  section  of  a  beam 
bending  under  a  load.  It  is  equal  to  the  "  moment  of 
resistance  "  of  that  section,  or  the  sum  of  the  internal 
forces  or  stresses  set  up  therein  by  the  bending  action. 

Blocking  or  Blocking-Up. —  The  elevating  and  support- 
ing of  large  pieces  of  machinery,  or  entire  structures,  by 
means  of  cranes,  jacks,  and  blocking  or  short  lengths  of 
timber  and  planks,  during  erecting  and  constructing  op- 
erations. Also  the  elevation  given  to  the  outer  rail  of 
the  curve  of  a  railway  track,  for  the  purpose  of  counter- 
acting the  effect  of  the  centrifugal  force  developed  by  a 
rapidlv  moving  train. 

Boiler.— The  steel  tank  or  container  in  which  water  *is 
boiled  to  make  stea-n.  (See  Boiler).  Also  a  hot- water 
cooking  or  scalding  device. 

Bolt. — A  rod  of  metal  for  tightly  securing  together  the  parts 
of  a  structure,  having  usually  an  enlarged  end  called  a 
head,  and  at  ibc  other  end  a  threaded  portion  for  holding 
a  nut;  when  threaded  at  both  ends  called  douhlc-cndcd; 
when  made  with  a  ring  or  eye  at  one  er.d  called  eye-bolt. 
(Compare  '  Rivet '  in  this  list).  Alv>  the  bar  o*  main  sliding 
piece  of  a  door-lock;  also  a  block  of  wood  suitat/r  for  rut- 
ting into  shingles,  staves,  etc.  In  flour  milling,  a  rotating 
sifting  cylinder. 

Boring. — An  operation  not  to  he  confused  with  drilling. 
See  Boring. 

Brake. — A  mechanism  for  restraining  or  retarding  vime 
motion  or  action.  It  may  be  a  simple  shoe  of  metal  or 
wood,  with  a  lever  for  nr«-.sinK  it  apainst  a  wheel;  or  an 
encircline.  band  of  metal  on  n  drum,  as  on  an  automobiJe; 
or  a  complex  system  of  mechanism,  as  an  air-brake  fq.v.) 
Brake  horsepower  is  the  amount  of  p  >wer  delivered  by 
an  engine  or  motor  at  the  driving  pulley  or  pulley  shaft, 
and  actually  available  for  doing  work. 


Bridge.—  (See  Bridges).  Alao  one  of  various 
minor  mechanisms  likened  to  a  rivar-bridge.  as  a  low 
dividing  wall  in  a  boiler;  a  horizontal  scaffold;  an 
electric  balance  used  in  measuring  electric  resistance  —  a 
Wheatstone's  bridge. 

Bridging. —  Short  wooden  braces  or  struts  placed  between 
joists  to  scour*  them  in  position. 

British  Thermal  Unit.—  (Abbreviated  B.  T.  U.)  —  The 
amount  of  heat  required  to  raise  the  temperature  of  water 
one  degree  Pehrenheit.  at  or  about  iV.l'F.  1o  convert 
values  of  energy  expressed  in  foot-pounds  to  their  equiv- 
alents in  British  Thermal  Units,  divide  the  values  by  /<&. 

By-Pass. — A  pipe  arranged  to  pas*  by  or  around  a  valve 
and  permit  a  fluid  to  take  another  route. 

Caisson. — A  large  water-tight  box  or  casing,  usually  with 
an  open  bottom  and  shafts  through  the  top,  for  carrying 
on  working  operations  under  water.  Air-locks  are  placed 
in  the  shafts  and  the  men  work  under  air  pressure.  It 
is  much  used  in  laying  foundations  for  piers  and  docks. 

Calender* — A  pair  of  rolls,  or  more  usually  a  machine  in- 
cluding several  pairs  of  contacting  iron  cylinders,  used 
in  surfacing  paper,  cloth,  etc.  ... 

Camber. —  The  upward  curvature  given  to  an  arched  bar 
or  structure  in  order  to  compensate  for  the  downward 
curvature  resulting  from  the  application  of  the  load.  In 
machinery,  it  is  specifically  applied  to  the  arching  of  springs 
like  those  of  locomotives.  In  structural  wcrk.  it  is  applied 
to  the  arching  of  bridge  trusses  like  the  stiffening  trusses 
of  suspension  bridges. 

Canal.— An  artificial  waterway,  as  for  transportation  of 
barges  or  for  drainage.  (See  Canal).  Also  a  channel, 
groove  or  duct.  balanced  f 

bridge,  that  mar^oe  built  out  over  the  water,  and  sus- 
tained by  the  balancing  weight  of  an  opposite  part  project- 
ing from  the  other  side  of  the  pier;  a  balanced  truss.  Also 
a  bridge  having  such  trusses.  (See  Bridge-,).  In  archi- 
tecture, a  bracket  for  a  cornice,  etc. 

Casting. —  See  Foundry  Practice. 

Cement. —  See  Portland  Cement. 

Centre. —  The  middle  of  a  thing:  in  various  special  uses. 
In  machine  designing,  that  one  of  two  points  ir.  a  crank 
motion  which  marks  the  end  of  a  piston-stroke  —  a  dead 
centre;  in  lathe- work,  one  of  the  conical  points  supporting 
the  work,  the  one  at  the  driving  end  being  termed  the 
live  centre.  In  geometry,  the  fixed  point  about  which  the 
radius  of  a  circle  or  a  circular  arc  moves;  the  central 
point  of  a  closed  curve.  In  architecture,  the  centring 
support  of  an  arch  or  dome.  The  "  centre  of  buoyancy 
of  a  vessel  is  the  central  point  of  compression  of  the  forces 
that  buoy  her  up.  It  must  be  sbove  the  centre  of  gravity 
or  the  vessel  will  capsise.  The  "  centre  of  compression  " 
is  the  line  in  which  the  resultant  of  the  compressive  forces 
in  the  lower  part  of  a  beam  is  located.  The  "  centre  fo 
gravity  "  is  the  point  in  a  body  about  which  the  body  will 
remain  balanced  when  placed  in  arty  position.  The 
"  centre  of  gyration  "  is  the  point  in  which  the  momentum 
of  a  revolving  body  is  concentrated.  The  "  centre  of 
moments  "  is  the  point  about  which  the  forces  applied  to 
a  rigid  body  act.  The  "  centre  of  oscillation  '  is  the 
point  in  the  axis  of  a  vibrating  body,  such  as  a  pendulum, 
in  which  if  all  the  matter  of  the  body  were  concentrated, 
the  body  would  vibrate  in  the  same  time.  The  "  centre 
of  tension  "  is  the  Hne  where  the  resultant  of  the  tensile 
forces  in  the  upper  part  of  a  beam  is  located. 

CrectrLAR  Inch.—  The  area  of  a  circle  one  inch  in  diameter, 
as  distinguished  from  a  square  inch.  The  number  of  cir- 
cular inches  in  a  given  diameter  is  obtained  by  squaring 
the  diameter. 

Coefficients. —  Numerical  values  deduced  from  data  ob- 
tained by  experiments  and  used  as  constant  multipliers 
in  engineering  calculations.  They  have  been  determined 
for  friction,  elasticity,  tension,  rupture,  resistance,  the 
flow  of  water,  etc.  For  example  —  the  amount  of  force 
or  weight  that  will  elongate  an  elastic  bar  of  any  material 
and  of  uniform  section  to  twice  its  original  length  is  desig- 
nated as  the  "  coefficient  of  elasticity  "  of  that  material. 
Also  termed  "  modulus  "  as  the  "  modulus  of  elasticity," 
the  "  modulus  of  resistance,"  etc. 

Cohesion.— The  condition  of  things  that  stick  or  cleave 
together;  the  union  of  particles,  especially  small  particles, 
or  the  force  that  brings  them  together.  Solids  have  great 
cohesion  or  tensile  strength;  liquids  have  little  and  gasvs 
none.    See  '  T  nswn  '  in  this  lint. 

Column. — An  upright  beam,  shaft  or  truss,  as  for  support- 
ing a  structure.  The  classical  column  is  cylindrical  and 
tapered,  with  a  slight  bulge  at  the  centre  of  height.  The 
concrete  structural  column  may  be  square  or  rectangular. 
The  steel  column  is  frequently  formed  of  several  beams 
riveted  or  laced  together. 

ConrMNiAlloN. —  The  arrangement  erf  columns  in  a  build- 
ing or  portico. 

Combustion. —  Burning;  the  continuous  combination  of  a 
substance  with  oxygen  (or  chlorine,  etc.)  with  flame  and 
generation  of  heat.  The  best  economic  combustion  of 
coal  has  been  the  subject  of  exhaustive  experiment.  The 
gases  of  combustion  are  the  vaporous  portions  of 
smoke. 
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r. —  The  act  or  process  of  concert tra ti  ng  or  con- 
densing by  pressure;  the  forcing  of  something  into  reduced 
•pace.  Air  is  com  pressed  by  a  machine  built  like  a  steam- 
pump,  the  piston  packing  and  condensing  the  air  in  the 
cylinder  at  each  stroke.  Air  so  compressed  is  used  for 
producing  power,  and  for  supplying  workers  in  caissons, 
tunnels,  mines,  etc.  In  a  gas-engine  the  mixture  or  ex- 
plosive charge  is  subjected  to  pressure  to  heat  it  and  in- 
crease its  explosive  properties.  The  members  of  a  truss 
that  are  strained  by  longitudinal  pressure  arc  called 
^co^rr^on^members.  ^See  '  Truss  1  in  this  list. 

bring  together  the  richer  portions  of  mineral  content;  a 
jigger  or  vanner. 
Condensed. — Any  one  of  various  devices  for  condensing: 

(1)  a  contrivance  for  suddenly  cooling  and  thus  condens- 
ing exhaust  steam.     (See  Steam  and  Steam- Engine). 

(2)  A  mutual  induction  apparatus.     (See  Condenser). 

(3)  A  lens  or  combination  of  lenses  in  a  microscope  or 
other  optical  instrument,  for  concentrating  light  rays. 

(4)  In  cotton-ginning  a  device  for  compacting  lint,  etc. 

(5)  A  mechanism  for  separating  impurities  by  conden- 
sation from  illuminating  or  fuel  gas. 

Constant. — A  number  deduced  from  data  obtained  by  ac- 
tual tests  made  upon  the  strength  of  a  particular  material, 
and  used  in  calculations  relative  to  the  strength  of  struc- 
tures built  of  that  material.  For  example  —  having  ascer- 
tained by  actual  experiment  the  weight  required  to  rupture 
a  steel  bar  measuring  J  x  2  x  I  inches,  that  weight  can  be 
used  to  estimate  the  stresses  in  structures  made  of  the 
same  material  but  differing  in  length,  breadth,  and  depth. 

Conveyor. —  See  Conveyer. 

Couple. —  In  physics,  two  equal  and  opposite  forces  acting 
upon  a  body,  which  is  therefore  in  a  state  of  equilibrium. 
Also  any  two  similar  things  joined  together  so  as  to  be  a 
pair,  as  two  different  metals  joined  in  a  thermopile. 
Creeping. —  Slow   movement  caused  by  conditions  not 
easily  foreseen,  as  the  creeping  of  a  railway  track  due  to 
unusual  heat  and  expansion  of  the  rails.    If  a  belt  tends 
to  work  slowly  out  of  position,  or  a  machine  through 
vibration  gradually  shifts  its  place  on  a  floor  or  founda- 
tion, it  is  said  to  creep. 
Crush m. —  See  Crushing  and  Grinding  Machinery. 
Cycle. —  In  mechanics,  a  series  of  motions  that  repeat. 
Cylinder. — A  solid  bearing  two  flat  surfaces  or  ends,  con- 
1  by  one  continuous  round  surface;  when  relatively 
caltrd  a  drum;  when  relatively  long  a  round  rod. 


column,  etc.   Familiar  examples  of  the  cylinder  are  found 

in  the  steam-engine  and  the  printing  press. 
Datum  or  Datum  Line. — Any  base  line  from  which 

ureroenta  are  made,  or  dimensions 

work,  or  in  graphical  calculations. 
Deals.—  Sawn  timber  which 

than  3x9  inches,  and  not 

cross  section. 
Differential. — A  mechanical  moti 

tion  of  some  part  is  determined  by  the  difference  between 

the  action  of  two  other  parts.    For  instance,  if  one  part 


is  making  10  R. P.M. and  another  40  R.  P.M.,  the  differential 
governed  by  them  will  make  25  R.P.M.:  called  also  Differ- 
ential Motion.  The  most  common  illustration  is  the  differ- 
ential on  the  rear  axle  of  an  automobile.  The  term  dif- 
ferential is  also  used  to  describe  a  double  screw,  having 
two  sets  if  threads  of  different  pitch,  or  some  other  mech- 
anism embodying  different  double  action. 

Digester. — A  chemical  apparatus  for  digesting  or  partially 
dissolving  something  by  heat  and  moisture. 

Dock. — A  wharf  or  pier,  as  on  the  margin  of  a  body  of 
water,  to  which  vessels  may  tic  up  and  load  or  discharge 
cargo.  The  term  dock  is  more  commonly  used  in  England 
than  America  to  describe  the  enclosed  basin  where  vessels 
locate  in  a  harbor.  In  the  United  States  the  term  pier 
is  more  common,  representing  one  of  a  row  of  long  wharves 
with  slips  between  which  the  vessels  lie.  In  America  the 
word  dock  is  used  mainly  for  the  dry  dock,  being  a  basin 
in  which  a  vessel  can  be  docked,  and  the  water  pumped 
out,  so  that  repairs  can  be  made  to  the  hull.  A  floating 
dock  is  an  enormous  structure,  into  which  a  vessel  can 
be  floated,  and  then  by  closing  the  gales  of  the  dock  and 
pumping  out  the  water,  the  vessel  is  left  dry 
the  floor  of  the  floating  structure. 

Drill. —  See  Drili-s  and  Drilling. 

Driving. —  The  act  or  process  of  moving  or  directing  the 
motion  of  some  other  thing,  especially  that  part  of  a 
machine  that  imparts  power  or  momentum  to  other  parts, 
as  a  dnving-pulley  or  driving-axle.  A  driving  K<*ar  is  the 
combination  of  parts  in  the  gear  or  mechanism  that 
drives  a  machine;  a  driving-shaft  is  a  power-shaft,  usually 
having  fixed  pulleys  for  driving  belts,  or  gears  or  clutches 
for  communicating  the  power  to  the  thing  driven.  When 
two  wheels  are  geared  together  the  one  that  is  nearest 
the  source  of  power  and  that  imparts  motion  to  the  other 
is  called  the  driver,  while  the  wheel  that  receives  motion 
is  a  driven  wheel.  To  calculate  the  mechanical  efficiency 
of  a  train  of  gearing,  multiply  the  radii  of  all  the  drivers 
together,  and  likewise  the  radii  cf  all  the  driven,  and  divide 
the  latter  by  the  former. 

Duty. —  The  efficiency  or  useful  work  accomplished  by  an 


engine  or  motor;  also  the  amount  of  such  work,  usually 
stated  in  footpounds.  The  duty  of  a  steam  engine  is  the 
number  of  pounds  raised  to  the  height  of  one  foot  by  the 
burning  of  n  bushel  of  coal.  In  the  case  of  pumping  engines, 
the  duty  was  formerly  expressed  in  millions  of  pound*  of 
water  lifted  to  the  height  of  one  foot  by  the  burning  of 
100  pounds  of  coal;  but.  as  the  quality  of  coal  varies 
greatly,  the  basis  now  employed  is  the  work  done  by  1 .000 
pounds  of  dry  steam,  or  by  1.000,000  British  Thermal 
Units. 

Dynamics  — See  Dynamics;  Electric  Machine,  etc. 
Eccentric. — A  wheel,  gear.  etc..  mounted  out  of  centre, 
so  that  its  periphery  has  an  irregular  or  eccentric  motion, 
which  may  he  used  in  a  manner  very  similar  to  cam-mo- 
tion. See  Mechanical  Movements. 
Efficiency. —  The  efficiency  of  a  machine  or  of  a  structure, 
or  any  portion  thereof,  is  the  ratio  of  its  strength,  power, 
capacity,  to  that  of  some  predetermined,  understood, 
or  fixed  standard  of  reference.  For  example  —  the  effi- 
ciency of  a  riveted  joint  in  plate  wcrk  is  its  percentage 
strength  calculated  relatively  to  that  cf  the  solid  plate. 
The  efficiency  of  a  machine  is  the  ratio  of  it*  actual  value 
to  its  theoretical  value,  or  the  difference  hrtween  the 
amount  of  work  expended  on  the  machine  and  the  amount 
given  out  by  it  or  obtained  from  it.  See  EFFICIENCY 
Engineering. 

Encastrk. —  The  immovable  fixing  of  the  ends  of  a  canti- 
lever, or  the  ends  of  other  forms  of  beams  or  girders  in 
a  wall  or  support.  Beams  are  much  stronger  when  en- 
castre  than  when  simply  supported. 
Energy. —  Inherent  capacity  for  doing  work,  as  distin- 
guished from  force,  which  is  energy  in  action  in  a  definite 
direction,  and  power,  which  is  the  quantitative  idea  of 
force,  without  reference  to  direction.  (Sec  '  Force,' 
Horse  Power'  and  'Power*  in  this  list).  We  speak 
of  kinetic  energy,  meaning  energy  in  motion,  that  is 
active  and  exhibiting  motion,  and  which  i*  theoretically 
equal  to  the  product  cf  half  the  mass  into  the  square  of 
the  velocity.  Potential  energy  is  applied  to  stored  energy, 
as  in  a  pound  of  coal,  which  when  consumed  and  used  to 
make  steam  appears  as  kinetic  energy.  A  storage  battery 
when  charged  has  potential  energy,  though  it  may  lie 
idle.  Electric  energy  is  defined  as  molecular  kinetic 
energy.  (See  Electron).  Radiant  energy  is  light, 
radiant  heat,  X  rays  or  any  form  of  energy  transmitted 
through  the  hypothetical  ether. 
Ether. — A  theoretical  medium  supposed  to  fill  all  space 
and  pervade  all  substances,  being  that  in  which  electricity, 
light,  radiant  heat,  cathode  rays  and  similar  phenomena 
are  promulgated.  According^to  thi«  theory  electric  phe- 
nomena are  strains  and  pulsations  in  the  ether.  See 

Expansion. —  Increase  of  volume,  especially  of  steam,  gas 
or  other  motive  fluid.  Also  the  point  in  a  piston-atroke 
at  which  such  expansion  becomes  available  and  the  period 
during  which  expansion  takes  place  in  an  engine  cylinder. 
When  compound  cylinders  are  employed  it  is  termed 
double  expansion,  and  if  there  are  three  or  four  steam- 
cylinders  used  in  series  it  is  termed  triple,  quadruple  or 
scries  expansion.  See  StkaM;  Stkam-Engike. 
Factor  of  Safety. —  When  calculating  the  ultimate  strength 
of  a  structure  it  is  necessary  to  provide  for  contingencies 
arising  from  a  lack  of  uniform  quality  in  materials,  in- 
feriority of  materials,  wear  and  tear  of  parts,  the  unex- 
pected application  of  loads,  etc.  This  provision  is  made 
by  the  use  of  multipliers  such  as  4,  6,  S,  and  in  some  cases 
10,  which  are  applied  to  certain  dimensions.  For  ex- 
ample —  the  application  of  a  factor  of  safety  of  four  will 
give  a  structure  having  four  times  the  strength  neevssory 
to  carry  the  load  it  will  be  ordinarily  required  to  sustain. 
Feeding. —  The  supplying  of  material  to  a  machine  or  the 
like,  as  feeding  of  coal  by  a  mechanical  stoker,  feeding  of 
sheets  of  paper  to  a  printing  press,  feeding  logs  to  a  sawing 
machine,  or  cotton  to  a  breaker. 
Flue. — A  channel  or  passageway  for  smoke,  waste  gases, 
etc..  as  a  subsidiary  tube  or  smokc-duct  in  a  chimney,  or 
a  tube  carrying  gases  of  combustion  in  a  boiler,  or  a  hot 
air  passage  in  a  wall.  It  is  distinguished  from  pipe  and 
tube. 

on  Fly- Wheel. — A  relatively  heavy  wheel  added  to  a  machine 
for  the  purpose  of  maintaining  uniform  speed:  called  fry- 
wheel  because  it  simply  rotates  or  flics  around.  It  resists 
sudden  acceleration  of  speed  by  its  inertia,  and  is  useful 
in  machines  that  do  their  work  in  a  small  fraction  of  a 
cycle,  to  prevent  slowing  up  or  racing. 
Force. —  Enercy  in  action  with  reference  to  its  direction; 
mechanical  power  as  apparent  in  pushing,  pulling,  rotat- 
ing, attracting  and  repx-llinj;'  exertion  that  can  be  meas- 
ured in  pounds  or  units.  Force  always  has  direction, 
while  energy  has  not,  being  rather  the  static  idea.  A 
storage  battery  may  possess  RTeat  energy,  and  yet  exhibit 
no  force  for  lack  of  a  conductor.  Compare  '  Energy.  Power 
and  '  Horse  Power,'  in  this  list. 
Gas. —  Matter  in  the  aeriform  state,  usually  invisible  and 
apparent  to  the  senses  only  by  its  odor  or  motion.  Coal 
gas.  water  gas,  petroleum  vapor  and  various  other  gases, 
when  mixed  with  atmospheric  air  in  a  proportion  of  about 
I  to  10,  readily  explode  whan  in  contact  with  a  flame. 
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and  this  principle  is  used  in  th«  internal  combustion 
engine.    See  Internal  Combustion  Engine. 
Gear. —  See  Gkaring  and  Mechanical  Movements. 
Governor. — A  device  for  speed-regulation,  as  of  an 
or  motor,  the  most  common  type  Ix-ing  the 
used  on  steam-engines  to  prevent  racing. 
Graphic  Statics.—  The  graphical  methods  employed  for 
ascertaining  the  strains  on  structures,  velocity  ratios,  etc.. 
by  means  of  lines  drawn  to  a  uniform  scale  and  represent- 
ing the  direction  and  intensity  of  active  forces. 
Horse  Power. — A  theoretical  unit  of  work,  assumed  to  be 
of  what  a  horse  can  do;  it  equals  33.000 
lifted  one  foot  in  one  minute.    The  power  of 
engines  and  motors  is  frequently  expressed  in  horse  power 
units.     A.H.P.  is  actual  horse  power;  B.H.P.  is  Drake 
horse  power;  I.H.P.  is  indicated  horse  power:  and  P.H.P. 
is  friction  horse  power.    Horse  power  is  also  the  name  of  a 
form  of  tread-mill  in  which  the  traction  power  of  horses 
is  utilized  in  place  of  an  engine  or  motor. 
Inertia. —  Resistance  to  change  of  motion  due  to  mass  or 

weight;  persistence  in  a  given  motion  or  state  of  rest. 
Ikgot. — A  mass  of  cast  metal  from  a  mold.   The  more  val- 
uable metals  when  not  shaped  as  bars  or  rods  are  usually 
cast  in  ingots;  iron  is  cast  in  pigs. 
Interchangeable  System. —  That  system  of  manufactur- 
ing machinery  by  which  each  part  or  piece  is  so  exactly 
formed  or  machined  that  it  may  be  replaced  by  any  sim- 
ilar part.  It  originated  in  America  and  has  become 
general.    See  Interchangeable  Parts. 
Lxr  — A  part  that  extends  beyond  the  bodv  of  a  thing 
over  some  other  part,  specifically,  in  steam -engineering, 
the  extension  on  a  slide- valve  that  determines  the  instant 
of  opening  or  closing  a  steam-port.    Also  a  piece  of  soft 
wood,  metal,  leather,  etc..  for  polishing. 
Load. —  The  weight  or  pressors  a  structure  carries  or  sus- 
tains, distinguished  as  five  load  when  moving,  as  of  wagons 
on  a  bridge,  and  dead  load  when  stationary.    Live  load  is 
liable  to  create  twice  the  stress  of  dead  load,  and  must 
be  provided  for  in  the  strength  of  the  structure. 
Machine  Tool.. — A  machine  for  cutting,  planing,  drilling, 
turning,  milling,  etc.,  with  cutters  or  small  tools;  formerly 
calked  engine-tool. 
Motor. — A  machine  for  transmitting  power,  as  of  water 
under  head,  or  by  electricity,  as  distinguished  from  on 
engine  where  the  power  is  assumed  to  originate  in  the 
machine.    See  Electric  Motor. 
Mine. — An  excavation  in  the  ground  for  the  purpose  of 
obtaining  some  metal  or  mineral.    Also  a  buried  or  sub- 
merged explosive. 
MoDtn.cs. — A  number  or  coefficient  for  the  measure  of  a 

force  or  function.    See  '  Coefficients '  in  this  list. 
Molding.— See  Foundry  Practice. 

Oscillation. — A  swinging  from  side  to  side,  or  short  regular 
reversal  of  rotation;  also  vibration,  as  of  electric  waxes. 
Compare  '  Reciprocation  '  in  this  Ust. 

Pattern.— A  model  or  ordinal  form  of  a  pmc  designed  to 
be  cast,  as  for  forming  in  iron.    Sec  Foundry  Practice. 

Pile. — A  large  heavy  timber,  pointed  and  driven  small -end  - 
first  into  the  ground,  as  a  support  for  a  superstructure; 
commonly  used  in  muddy  places  or  on  the  edge  of  a  liody 
of  water  for  securing  a  foundation:  formerly  "Tilled  a  spile. 
Now  made  also  of  concrete,  or  steel  and  concrete.  Some- 
times metal  planks  are  used  for  the  same  purpose,  or  to 
form  a  breakwater  or  stout  wall,  and  arc  termed  sheet 
piles. 

Pipe. — A  long  hollow  tube,  either  one  piece  or  a  series  of 
connected  pieces.  The  distinction  l^twcen  r>ipr  and  tube 
is  usually  arbitrary,  but  when  the  article  is  made  of  Soft, 
yielding  material,  as  rubber,  the  correct  term  is  tube. 

Power. —  Mechanical  energy  as  viewed  from  the  stand- 
point of  rapacity;  the  measurable  amount  of  active  en- 
ergy; capability  of  performing  a  given  amount  of  work 
Compare  '  Energy.-  '  Force  '  and  '  Horse  Power  '  in  this 
list. 

PkKSsi'RE. —  Stress  such  as  would  tend  to  move  a  body  in 
contact:  the  impelling  force  of  a  load.  It  is  usually  esti- 
mated by  units  of  weight.  See  '  Load  '  and  '  Stress  '  in 
this  list. 

Prime  Mover. — An  engine  or  the  like  from  which  a  power 
originates.  The  electric  dynamo  derrnds  upon  the  stcarn- 
engine  or  water-wheel  as  its  prime  mover. 

Racing.— Running  at  an  excessive  speed,  as  an  engine  i 
denly  released  ol  its  load.  It  is  liable  to  burst  a  fly-w 
if  not  checked. 

Reaming  —  The  enUrging  of  a  hole  by  inserting  and  turning 
a  tool  termed  a  reamer;  done  to  taper  a  hole  or  remove 
edges  weakened  by  punching. 

Reciprocation. —  The  act  of  moving  back  and  forth  sys- 
tematically, as  a  piston.    Compare  '  Oscillation  '  in  this 


Reducing. —  Drawing  to  a  smaller  scale:  alfo  tapering  in 
diameter;  also  the  smelting  or  reduction  of  ore  in  a  furnace; 
also  the  act  of  withdrawing  fluid  under  pressure,  as  bv  n 


reducing- valve. 
Revolving. —  Turning  around  in  an  orbit,  after  the  manner 
of  a  planet,  or  a  hall  in  a  ha'1-hrarirg.    Such  a  tall  ro'ates 
on  its  own  centre,  but  revolves  around  the  center  of  the 
-  '  in  this  list. 


Resistance,— That  which  opposes  a  force  or  movement. 
An  electric  resistance  is  a  poor  conductor,  as  an  iron 
wire,  placed  in  a  circuit  to  impede  the  current. 

Rbverbkratory. —  Reflecting,  or  operating  by  reflection,  as 
a  puddling  furnace,  where  the  flame  and  heat  are  reflected 
from  the  vaulted  roof  to  the  top  of  the  material  to  be 
fused. 

Rivet. — A  short  metal  connection  for  holding  metal  plates 
together,  resembling  a  bolt,  but  instead  of  having  a  thread- 
ed end  and  nut,  the  tail  end  is  designed  to  be  upset,  that 
is  battered  and  spread,  to  keep  it  tight  in  its  hole. 

Rolling. —  Passing  hetween  heavy  iron  roll*  to  reduce  and 
shape,  as  steel  rails  and  beams.    Also  calendering. 

Rotation. —  The  act  of  turning  around  its  o*n  centre. 
Compare  '  Revolving  '  in  this  list. 

Shapkr. — A  machine  tool  for  cutting  or  machining  small 
metal  parts,  the  work  being  stationary,  and  the  cutting 
tool  mounted  to  reciprocate. 

Spindle, — A  slender  rod  or  pin,  usually  for  some  rotary 
purpose,  as  the  central  rod  of  a  bobbin. 

Spinning. —  In  metal  working,  the  operation  of  drawing 
out  and  expanding  into  a  cup  or  cone  form,  by  pressure 
and  rotation.  In  textile  manufacture,  the  drawing  out 
and  twisting  of  sliver  to  form  thread. 

Stamping. —  The  operation  of  forming  light  metal  article* 
in  the  cold  by  a  sudden  blow  of  a  die.  Also  the  crushing 
of  ore  in  a  stamp-mill. 

Static — At  rest  or  in  equilibrium.   See  Electricity. 

Stoking. —  The  supplying  of  a  furnace  with  fuel.  Mechan- 
ical stokers  arc  common  for  supplying  coal  under  sta- 
tionary boilers,  but  are  not  adapted  to  marine  use. 

Strength  op  Materials. —  The  engineer  is  continually 
confronted  with  this  problem,  and  elaborate  tests  are 
now  undertaken  to  secure  uniform  and  known  strength 
in  structural  materials.  The  force  that  resists  being 
pulled  apart  is  termed  tensile  strength;  that  resixting 
crushing  is  termed  strength  of  compression.  There  is  also 
torsional  and  bending  strength. 

Strkss. — Any  force  or  power  that  tends  to  deform,  bend 
or  fracture  a  thing;  especially,  such  a  force  considered 
with  its  reaction  or  opposing  force. 

Stuffing. — In  steam  engineering,  a  packing  of  spiral  steel 
rings  for  making  a  fluid-tight  joint  for  a  moving  part,  as 
a  piston-rod. 

SwtTCH.— A  mechanism  for  awle-tracking  a  thing.  An  elec- 
tric switch  is  usually  a  jointed  piece  of  copper  with  in- 
sulated handle,  by  which  conductors  can  be  connected 
or  disconnected.  A  railway  switch  is  a  pair  of  jointed 
and  pointed  rails  for  guiding  car-wheels  to  an  adjacent 
track.  A  weaver's  switch  is  a  reversing  motion  for  a 
shuttle. 

Tempering. —  The  process  of  bringing  steel,  etc.,  to  a  cer- 
tain degree  of  hardness  by  heating  and  sudden 
in  water  or  oil.  Also  the  process  of  bringing  clay  to  1 
working  condition  by  moistening  and  kneading. 

Temflatb. — A  flat  pattern,  usually  of  metal,  serving  as  a 
guide  in  various  cutting,  drilling  and  shaping  operations. 
Also  spelled  templet. 

Tension.— The  force  or  system  of  forces  tending  to 
a  body  apart  or  lengthen  it;  pulling  stress  a 
to  compression.    A  tension  member  of  a  truss  is  a  rod 
that  is  subjected  to  a  pulling  strain. 

Testing. —  The  operation  of  testing  material.':.  Pee  '  Strength 
of  Materials  '  in  this  list.  A  testing  machine  pulls  apart 
pieces  at  metal  and  measures  the^ckmgaturti  and  strain 

strains. 

Thread. — A  spiral  projection  on  a  screw  for  enabling  it  to 
grip  a  softer  substance,  as  wood,  or  to  fit  into  a  reverse 
thread  in  a  nut. 

Train. — A  series  of  parts  acting  together,  as  a  train  of 
gears. 

Transmission. —  The  passage  of  something  over  or  through 
some  other  thing,  as  heat  through  the  air,  or  electricity 
through  a  copper  or  aluminum  wire.  Also  the  sending 
mechanism  of  a  telephone.  Also  a  mechanism  that  trans- 
mits power  in  a  given  way.  as  the  transmission  of  an 
automobile. 

Truss. — A  braced  framework,  calculated  to  resist  strains  in 

all  directions,  as  used  in  bridges,  roofs,  etc. 
Tube.—  See  Pipe. 

Turbine. — A  flanged  wheel  or  circular  structure,  calculated 
to  receive  the  impact  of  rapidly  moving  water,  steam, 
etc.  and  deliver  a  large  part  of  it  as  power  on  a  shaft. 
See  Hydro-Electric  Development. 

Unit.— A  given  minor  quantity  represented  by  1.  for  cal- 
culating the  quantities  of  things.  The  furtdamertal  units 
are  the  metre  and  font  for  lent-th.  pound  and  kilogram  for 
weight,  second  for  time.  See  Metric  System;  also  Elec- 
trical Units. 

Work. — The  accomplishment  of  machinery  or  mechanical 
motion  by  the  expenditure  of  enenrv.  The  work  done 
by  Hftmg  10  pounds  10  foet  is  100  foot-pounds. 

Working.— Adapted  to  work;  accurate  in  operation,  as  a 
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ENGINEERS,  Corps  of,  a  branch  of  the 
United  States  army  which  takes  charge  of  the 
construction  and  repair  of  fortifications,  both 
temporary  and  permanent,  military  rcconnoitcr- 
ing  and  surveying,  the  selection  and  planning 
of  camp  sites,  the  construction  and  maintenance 
of  roads,  railroads,  bridges,  storehouses,  etc., 
and  divers  other  technical  services  which  arc 
not  under  the  supervision  of  special  branches 
of  the  army.  It  also  superintends  river  and 
harbor  improvements,  the  collection  and  preser- 
vation of  documents  relating  to  the  Washington 
aqueduct  and  public  buildings  in  the  District 
of  Columbia  and  the  construction  of  bridges 
and  roads  in  the  Crater  Lake  and  Yellowstone 
National  Parks.  The  Panama  Canal  was  built 
under  engineer  officers. 

Engineer  officers  were  authorized  by  Con- 
gress on  16  June  1775  and  in  the  same  year 
Col.  R.  Gridlcy  became  chief  engineer.  Many 
French  engineers  served  with  the  United  States 
army  during  the  Revolution.  A  corns  of 
artillerists  and  engineers  was  established  by  the 
act  of  9  May  1784.  In  1802  the  artillery  and 
engineers  were  separated  and  the  Corps  of  En- 
gineers was  established.  This  was  gradually 
increased  in  size  until  the  present  establishment 
is  505  officers,  one  band,  seven  regiments  and 
two  mounted  battalions.  In  1813  appointments 
were  first  made  to  the  rank  of  topographical 
engineer.  After  various  vicissitudes,  the  topo- 
graphical service  of  the  army  was  organized  as 
the  Corps  of  Topographical  Engineers  in  1838. 
In  1863  this  corps  was  merged  in  the  Corps  of 
Engineers. 

Engineer  officers  are  appointed,  in  general, 
from  West  Point,  although  competitive  exami- 
nations are  held  which  are  open  to  civilian 
engineers.  Commissions  in  the  engineers  are 
generally  given  to  those  West  Point  cadets 
with  the  highest  academic  standing.  Officers 
in  the  Corps  of  Engineers  are  considered  as  in 
the  line  when  they  are  on  service  with  engineer 
troops.    Otherwise  they  are  staff  officers. 

During  the  Great  War  the  uses  of  engineer 
troops  and  the  organizations  which  they  form 
have  undergone  great  diversification.  Whereas 
the  engineer  troops  of  the  United  States  army 
were  formerly  grouped  into  pioneer  regiments, 
mounted  pioneer  battalions  and  pontoon  bat- 
talions, there  arc  now  also  labor  regiments, 
railroad  regiments,  lumbering  regiments  and  so 
on  indefinitely,  made  up  from  men  in  the  Na- 
tional Army  or  National  Guard  and  under 
engineer  officers.  The  technical  training  of 
officers  of  the  Corps  of  Engineers  is  divided  be- 
tween the  United  States  Engineer  School  at 
Washington  and  the  Army  Field  Engineer 
School  at  Fort  Leavenworth.  The  Royal  Engi- 
neers of  the  British  Army,  the  "technische 
Truopcn''  of  Germany  and  the  Engineer  Corps 
of  the  French  Armv  correspond  very  closely  to 
the  United  States  Corps  of  Engineers,  but  per- 
form work  which  belongs  to  the  American  Sig- 
nal Corps  as  well.  The  foreign  corps  also  differ 
from  the  American  in  that  they  draw  in  general 
from  technically  trained  men,  whereas  in  times 
of  peace  American  engineers  receive  the  greater 
part  of  their  training  after  enlistment.  Sec 
Army  Organization  ;  ITnitfji  States.  Army  of. 

ENGIS,  on-zhe,  Belgium,  on  the  Meuse. 
southwest  of  Liege,  in  the  neiphhorhoocl  of 
which  there  are  many  caves.    In  thee,  in  1832, 
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there  were  discovered  by  Dr.  P.  C.  Schmcrling 
a  human  skull  and  parts  of  a  man's  skeleton 
together  with  bones  of  the  rhinoceros,  mam- 
moth, cave-bear  and  hyena  imbedded  in  de- 
posits belonging  to  the  Quaternary  period.  This 
discovery  gave  cause  for  much  discussion  among 
anthropologists.  The  skull,  usually  known  as 
"the  Engis  Skull,"  though  of  uncertain  age,  is 
beyond  any  doubt  very  old.  Similar  discoveries 
were  made  in  nearby  caves,  especially  at  Engi- 
houl.  Consult  Avcbury,  J.  L.,  'Prehistoric 
Times'  (7th  cd.,  London  1913) ;  Doudon,  E., 
'Nouvelles  explorations  dans  les  cavcrncs 
d'Engihoul'  (in  Soc.  d'Anthrop.  dc  Paris, 
Bull,  el  Mem.,  Ser.  V,  Vol.  IV,  p.  177,  Paris 
1903);  Dupont.  E.  F.,  <Lcs  Temps  Prehis- 
toriques  en  Belgique'  (Brussels  1873)  ;  Hux- 
ley, T.  H.,  'Man's  Place  in  Nature'  (New  York 
1899);  Schmcrling,  P.  C,  'Recherchcs  sur  les 
osscmcnts  fossilcs  decouvcrts  dans  \c 
cavernes  de  la  province  de  L^c'  (Liege 
1833);  Spring,  <Lcs  Hommes  d'Engis  et  de 
Chauvaux'  (in  Bui' c tins  dc  V Academic  Royale 
de  Belgique^ScT.  II,  Vol.  XVIII,  pt.  2,  No.  12, 

ENGLAND,  John,  American  Catholic  prel- 
ate:  b.  Cork,  Ireland,  23  Sept.  1786;  d.  Charles- 
ton, S.  C,  11  April  1842.  He  was  educated  in 
the  schools  of  Cork  and  studied  law  for  two 

(fears,  but  in  1803  entered  the  theological  col- 
cge  of  Carlow.  Here  his  progress  in  his  studies 
was  so  brilliant  that  after  his  second  year  he 
was  selected  to  deliver  public  lectures  on  re- 
ligious subjects.  He  also  devoted  much  of  the 
time  given  him  for  recreation  to  the  instruction 
of  the  militia  stationed  in  the  town.  He  also 
founded  an  asylum  for  unprotected  females 
which  afterward  suggested  the  plan  of  the 
Presentation  convent  and  established  free 
schools  for  the  education  of  poor  boys  In 
1808  he  was  recalled  by  his  bishop  and  appointed 
president  of  the  theological  seminary  at  Cork 
He  took  a  leading  part  in  the  agitation  for 
Catholic  emancipation  and,  with  the  view  of 
helping  the  cause  of  religious  liberty,  founded 
the  Chronicle,  which  he  continued  to  edit  until 
his  departure  from  Ireland.  When  the  sec  of 
Charleston,  embracing  the  States  of  North  Car- 
olina, South  Carolina  and  Georgia,  was  founded 
Dr.  England  was  nominated  its  first  bishop. 
As  he  had  determined  to  become  an  American 
citizen  he  refused  to  take  the  oath  of  allegiance 
exacted  from  Irish  bishops  on  their  consecra- 
tion. After  some  difficulty  he  was  consecrated 
in  Cork  in*  1820  and  arrived  in  Charleston  the 
same  year.  He  had  many  obstacles  to  contend 
with.  There  were  only  two  priests  and  two 
churches  in  the  three  States  under  his  jurisdic- 
tion and  his  flock  was  made  up  chiefly  of  poor 
Irish  emigrants  and  refugees  from  Santo  Do- 
mingo. In  order  to  provide  priests  for  his 
diocese  he  opened  a  classical  school  in  Charles- 
ton, and  the  success  that  attended  his  efforts 
in  this  respect  enabled  him  to  support  several 
of  his  ecclesiastical  students.  Not  only  did  he 
succeed  in  training  a  body  of  educated  mission- 
aries for  his  church,  but  contributed  largely  to 
the  revival  of  classical  learning  in  South  Caro- 
lina. Several  schools  were  reopened  and  the 
College  of  Charleston,  which  had  suspended  for 
some  time,  resumed  its  studies.  He  infused 
new  life  into  the  Philosophical  Literary  Asso- 
ciation of  Charleston  as  soon  as  he  became  a 
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member  and  did  much  to  suppress  dueling,  not 
by  intemperate  denunciations  but  by  forming 
the  most  influential  gentlemen  of  the  State  into 
an  anti-dueling  association.  He  was  invited 
by  Congress  to  preach  in  the  Hall  of  Repre- 
sentatives at  Washington  and  was  the  first 
Catholic  clergyman  on  whom  this  honor  was 
conferred.  To  explain  and  defend  the  doctrines 
of  his  church  he  established  the  United  Stales 
Catholic  Miscellany  at  Charleston.  It  was 
through  the  columns  of  this  periodical  that  most 
of  his  writings  found  their  way  to  the  public. 
His  influence  was  felt  in  every  part  of  the  Cath- 
olic church  in  the  United  States  and  his  influ- 
ence at  Rome  was  decisive  in  affairs  connected 
with  the  church  in  America.  His  courses  of 
lectures,  which  he  delivered  in  all  the  great 
cities  of  the  Union,  were  attended  by  citizens 
of  every  creed.  Nothing,  however,  endeared' 
him  to  the  people  of  Charleston  so  much  as  his 
heroism  during  the  frequent  visitations  of  the 
yellow  fever,  when  he  continued  at  his  post 
night  and  day.  In  1834  he  visited  Ireland  and 
obtained  the  services  of  three  nuns  of  the 
Ursuline  Order,  by  whose  aid  he  established 
the  Ursuline  schools  of  Charleston.  He  also 
founded  orphan  asylums,  boarding-schools  and 
free  schools,  which  he  placed  in  charge  of  the 
Sisters  of  Our  Ladv  of  Mercy.  He  conceived 
the  plan  of  assembling  the  prelates  in  council 
for  mutual  aid,  and  has  been  styled  "the  author 
of  our  provincial  councils*  He  visited  Europe 
four  times  in  the  interests  of  his  diocese,  was 
sent  twice  as  Apostolic  Delegate  to  Haiti  and 
was  offered  an  Irish  Sec,  which  he  declined. 
On  his  return  from  Europe  in  1841  malignant 
dysentery  broke  out  among  the  steerage  pas- 
sengers, and  Dr.  England's  attendance  on  them 
was  incessant  until  he  was  attacked  by  the  dis- 
ease himself.  He  finally  died  from  its  effects, 
which  were  heightened  by  overwork.  His 
principal  works  arc  'Discourse  before  the 
Hibernian  Society  of  Savannah'  (1824); 
'Explanation  of  the  Construction,  Furniture 
and  Ornaments  of  a  Church';  'Letters  on 
Slavery1;  and  "Works,"  edited  by  Bishop 
Reynolds  (5  vols.,  Baltimore  1849). 

ENGLAND,  including  WALES,  the  south- 
ern and  larger  portion  of  the  island  of  Gnat 
Britain,  is  situated  between  lat.  50°  and  55* 
46'  N.  and  long.  1°  46'  E.  and  5°  42'  W.  Eng- 
land covers  42  per  cent,  and  Wales  6  per  cent, 
together  48  per  cent  of  the  whole  area  of  the 
British  Isles.  For  geographical,  administrative 
and  statistical  purposes  Wales  is  usually  in- 
cluded with  England,  of  which  it  forms  a  west- 
ern peninsula,  similar  to  the  counties  of  Devon 
and  Cornwall.  Bounded  on  the  East  by  the 
North  Sea  or  German  Ocean,  which  separates 
the  territory  from  Germanv,  Holland,  Denmark 
and  Belgium;  on  the  south  by  the  English 
Channel,  dividing  it  from  France,  and  on  the 
west  by  the  Saint  George's  Channel  and  the 
Irish  Sea,  its  only  land  frontier  is  that  irreg- 
ular line  of  110  miles  facing  Scotland  on  the 
North.  As  the  crow  flies,  that  border  line  is 
barely  70  miles ;  forminsr  a  rouctfi  triangle,  the 
eastern  side  measures  350  miles  in  a  straight 
line ;  the  western  *25.  and  the  southern  325 
miles  — a  total  of  1,170  miles.  But  the  shores 
within  this  triangle  are  so  deeply  indented  by 
hays  and  estuaries  that  the  actual  coast  line  is 
more  than  twice  that  distance,  estimated  at  not 
less  than  2,765  miles.   The  length  of  the  coun- 
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try,  measured  on  a  meridian  from  Berwick 
nearly  to  Saint  Alban's  Head,  is  365  miles.  Its 
breadth,  calculated  on  a  parallel  of  latitude,  at- 
tains its  maximum  between  Saint  David's  Head, 
in  South  Wales,  and  the  Naze,  in  Essex,  where 
it  amounts  to  280  miles.  The  area  oi  England 
without  Wales  is  50.S73  square  miles ;  tha'  of 
Wales.  7,366;  together,  .->8.239  square  miles. 
The  seas  surrounding  the  British  Isles  are  shal- 
low. If  the  waters  were  to  subside  to  the  ex- 
tent of  300  feet  the  whole  of  the  British 
Islands,  including  Ireland,  would  once  more  be 
united  to  Continental  Europe. 

Geographical  History.— This  great  island 
possession  of  Rome  had  been  virtually  aban- 
doned by  the  Romans  (ad.  410)  before  the 
Teutonic  settlements  in  it  began.  The  invaders 
had  therefore  to  struggle  rather  with  native 
Britons  than  with  Romans.  Moreover  they 
were  invaders  who  came  by  sea,  and  from  lands 
where  little  or  nothing  was  known  of  the 
Roman  law  or  religion.  They  met  with  a  de- 
gree of  strictly  national  resistance  such  as  no 
other  Teutonic  conquerors  encountered,  and 
there  fore,  in  the  end,  they  swept  away  all  traces 
of  the  earlier  state  of  things  in  a  radical  way 
which  took  place  nowhere  else.  As  far  as 
such  a  process  is  possible,  they  slew  or  drove 
out  the  older  inhabitants;  they  kept  their 
heathen  religion  and  Teutonic  language,  and 
were  thus  able  to  grow  up  as  a  new  Teutonic 
nation  in  their  new  home  without  any  impor- 
tant intermixture  with  the  earlier  inhabitants, 
Roman  or  British.  The  conquerors  who 
wrought  this  change  were  the  forefathers  of 
the  present  day  English, —  the  low  Dutch  in- 
habitants of  the  borderlands  of  Germany  and 
Denmark.  Among  them  three  tribes,  the  An- 
gles, the  Saxons  and  the  Jutes,  had  the  chief 
share  in  the  conquest  of  Britain.  The  Saxons 
had  already  attempted  a  settlement  here -in  the 
s'th  century  and  were  consequently  the  tribe 
first  known  to  the  Roman  and  Celtic  inhabit- 
ants of  the  island.  Hence  it  came  that  the 
Celts  of  Rritain  and  Ireland  have  called  all  the 
Teutonic  settlers  Saxons  to  this  day.  But,  as  the 
Angles,  or  English,  occupied  in  the  end  by  far 
the  greater  part  of  the  land,  it  was  they  who, 
when  the  Teutonic  tribes  in  Britain  began  to 
form  one  nation,  gave  their  name  to  that  nation 
and  its  land.  That  nation  wrs  the  English  and 
their  land  was  England.  While  Britain  thus 
remains  the  proper  geographical  name  of  the 
whole  island,  itui'and  is  the  political  name  of 
that  part  of  Britain  which  was  step  by  step 
conquered  by  the  English.  Before  the  end  of 
the  5th  century  several  Teutonic  kingdoms  had 
been  founded  in  Britain.  The  Jutes  began  the 
conquest  by  their  settlement  in  Kent,  and  pres- 
ently the  Saxons  began  to  settle  on  the  south 
coast  and  on  a  small  part  of  the  east  coast,  in 
Sussex,  Wessex  and  Essex.  Along  a  consid- 
erable portion  of  the  eastern  coast  various 
Anglian  settlements  were  also  made,  which 
gradually  grew  into  the  kingdoms  of  East- 
Anglia,  Deira  and  Bcrnicia.  By  their  ultimate 
union  the  last  two  formed  the  great  kingdom 
of  Northumberland.  At  the  close  of  the  6th 
century,  however,  the  English  had  not  got  very 
far  from  the  southern  and  eastern  coasts.  The 
Britons,  whom  the  English  called  Welsh,  or 
strangers,  held  out  in  the  west,  and  the  Picts 
and  Scots  in  the  north.  The  Scots  were  prop- 
erly the  people  of  Ireland;  but  a  colony  of  them 
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had  settled  on  the  western  coast  of  northern 
Britain  —  distant  at  one  part  only  13  miles  from 
Ireland  —  and  in  the  end  gave  the  name  of 
Scotland  to  the  whole  northern  part  of  the 
island. 

The  changes  of  boundary  between  England 
and  Wales  began  with  the  great  Welsh  cam- 
paign of  Harold  in  1063.  All  the  border  shires, 
Cheshire,  Shropshire,  Herefordshire  and  Glou- 
cestershire seem  to  have  been  enlarged  at  this 
period.  The  English  border  stretched  to  the 
Conwy  in  the  north  and  to  the  Usk  in  the 
south.  But  part  of  this  territory  appears  to 
have  been  recovered  by  the  Welsh  princes, 
while  part  passed  into  the  great  march  district 
of  England  and  Wales,  under  the  rule  of  the 
Lords  Marchers.  The  gradual  conquest  of 
South  Wales  began  under  the  Conqueror  and 
was  continued  by  his  sons;  but  it  was  more  the 
work  of  private  adventurers  than  of  the  kings 
themselves.  The  lands  of  Morganwg,  Bre- 
heiniog,  Dyfed  and  Ceredigion,  answering 
nearly  to  the  modern  South  Wales,  were  grad- 
ually subdued.  In  some  districts,  especially  in 
the  southern  part  of  the  present  Pembroke- 
shire, the  Britons  were  actually  driven  out,  and 
the  land  was  settled  by  Flemish  colonists,  the 
latest  of  the  Teutonic  settlements  in  Britain. 
Elsewhere  Norman  lords,  with  Norman,  Eng- 
lish and  Flemish  followers,  held  the  towns  and 
the  more  level  country,  while  the  Welsh  kept 
up  a  semi-independence  in  the  western  moun- 
tains. In  North  Wales,  meanwhile,  native 
princes  still  ruled  as  vassals  of  the  English  king 
till  the  war  of  Edward  I.  In  1277  the  vassal 
prince  was  compelled  to  relinquish  again  the 
territory  east  of  the  Conwy  to  his  overlord. 
The  final  conquest  followed  in  1282,  but  com- 
plete incorporation  with  England  did  not  take 
place  until  the  reign  of  Henry  VIII,  253  years 
later.  During  this  long  interim  North  and 
South  Wales  remained  a  separate  dominion, 
giving  the  princely  title  to  the  eldest  son  of  the 
English  king,  a  dynastic  custom  that  still  exists 
to-day.  Some  shires  were  formed  or  remod- 
eled, new  towns  founded,  and  the  border  dis- 
tricts maintained  under  the  anomalous  juris- 
diction of  the  Marchers  till  the  ultimate  ab- 
sorption in  1535.  Thirteen  new  counties  were 
then  formed  and  some  districts  added  or  re- 
stored to  the  border  shires  of  England.  One 
of  the  new  counties.  Monmouthshire,  was  added 
to  an  English  circuit  under  Charles  II,  and  has 
since  been  considered  an  English  county. 
Curiously  enough,  it  frequently  appears  in- 
cluded with  Wales  even  in  official  publications 
at  the  present  time. 

With  the  exception  of  these  new  creations, 
all  the  existing  shires  of  England  were  in  bring 
at  the  time,  of  the  Norman  Conquest,  save  those 
of  Lancaster,  Cumberland,  Westmoreland  and 
Rutland.  The  boundaries  were  not  always  ex- 
actly the  same  as  at  present,  but  the  differences 
are  commonly  slight  and  of  mere  local  interest. 
As  they  stood  at  the  Conquest  the  shires  were 
of  two  classes:  some  were  old  kingdoms  or 
principalities  which  still  kept  their  names  and 
boundaries  as  shires,  while  others  seem  to  have 
been  mapped  out  afresh  when  the  land  was  re- 
covered from  the  Danes.  All  the  shires  on  the 
Welsh  border  stretched  further  west  in  'Domes- 
day' than  they  do  now.  On  the  Scottish  border 
Westmoreland  and  Cumberland  were  formed 


out  of  the  Cumbrian  conquest  of  William  II 
and  enlarged  by  territory  which  appears  in 
'Domesday*  as  part  of  Yorkshire.  Lancashire 
was  made  up  of  lands  taken  from  Yorkshire 
and  Cheshire,  the  river  Ribble  forming  the 
older  boundary  of  those  shires.  The  older 
divisions  arc  marked  by  the  boundaries  of  the 
dioceses  of  York,  Carlisle  and  Litchfield  or 
Chester,  as  they  stood  until  the  changes  under 
Henry  VIII.  In  central  England  the  only 
change  was  the  formation  of  the  smallest  shire 
—  Rutland  — out  of  the  Domesday  district  of 
Rutland,  an  appendage  to  Nottinghamshire,  en- 
larged by  a  small  part  of  what  was  then 
Northamptonshire. 

If  one  were  to  trace  these  changes  over  a 
series  of  ancient  and  modern  maps,  they  would 
t reveal  but  very'  little  alteration  of  boundaries  in 
'the  island  since  the  11th  century.  The  land, 
as  a  whole  has  not  been  mapped  out  afresh 
since  the  10th  century.  While  a  map  of  France 
or  Germany  in  the  11th  century,  or  even  in  the 
18th,  would  be  useless  for  immediate  practical 
purposes,  a  map  of  England  in  the  days  of 
Domesday  (1085-86)  hardly  differs  from  the 
map  of  England  as  we  know  it  to-day.  The 
only  changes  of  any  import  — and  they  are 
neither  many  nor  great  —  arc  the  shires  on  the 
Welsh  and  Scottish  borders.  William  the 
Conqueror  put  the  finishing  stroke  to  the  work 
of  Egbert  and  made  England  forever  one.  By 
uniting  that  country  under  the  same  ruler  as 
Normandy  (namely,  himself),  he  led  her 
into  the  general  current  of  continental  affairs, 
and  gave  her  a  European  position  such  as  she 
had  never  held  under  her  native  kings. 

Although  there  have  been  but  slight  changes 
in  the  boundaries  of  England  itself  within  a 
thousand  years,  the  extra-territorial  expansion 
of  that  country  beyond  the  seas  constitutes  the 
most  remarkable  phenomenon  in  the  world's 
history.  England  alone  is  about  the  size  of 
Rumania,  less  than  a  fourth  of  France  or  of 
Germany,  and  but  little  larger  than  the  State 
of  New  York.  England  and  Wales  together 
are  not  equal  in  area  to  the  State  of  Georgia, 
nor  a  quarter  the  size  of  Texas.  There  are  29 
States  or  Territories  in  the  Union  each  larger 
than  England,  and  several  much  larger  than  the 
whole  United  Kingdom  put  together.  Whilst 
the  area  of  the  British  Isles  is  less  than  one- 
four  hundredth  part  of  the  land  surface  of  the 
globe,  the  colonics  and  dependencies  which  Eng- 
land has  acquired  within  about  300  years  cover 
something  like  one-fifth  of  the  earth{  or  11.- 
351,046  square  miles,  with  a  population  esti- 
mated at  over  40,000.000. 

Topography. —  The  chief  indentations  are: 
On  the  east,  the  Humber,  the  Wash  and  the 
Thames  estuary;  on  the  west,  the  Solway  Firth, 
Morecambc  Bay,  Cardigan  Bay  and  the  Bristol 
Channel ;  those  on  the  south  arc  less  prominent, 
though  including  some  useful  harbors  The 
greater  part  of  the  coast  consists  of  cliffs,  in 
some  places  clayey,  in  others  rocky  and  some- 
times jutting  out  into  bold,  lofty'  and  precipi- 
tous headlands,  as  at  Whitby  and  Flamborough 
Head  on  the  east.  Beachy  Head,  the  Isle  of 
Portland,  the  Lizard  and  Land's  End  on  the 
south  and  southwest,  Saint  David's  Head  and 
Saint  Bees  Head  on  the  west.  The  most  ex- 
tensive stretches  of  flat  coast  are  on  the  east,  in 
the  county  of  Lincoln,  and  from  the  south  part 
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of  Suffolk  to  t*c  South  Foreland  in  Kent,  and 
in  Sussex  and  Ha..ts  on  the  south  coast.  The 
chief  islands  are  Holy  Island,  the  Fame  Is- 
lands, Sheppy  and  Thanct  on  the  cast  coast; 
the  Isle  of  Wight  on  the  south ;  the  Scilly 
Isles  at  the  southwestern  extremity;  and  Lundy 
Island.  Anglesey.  Holyhead  and  Walncy  on  the 
west. 

The  loftiest  heights  of  England  and  Wales 
arc  situated  at  no  great  distance  from  its  west 
shores  and  consist  of  a  succession  of  mountains 
and  hills,  stretching,  with  some  interruptions, 
from  north  to  south,  and  throwing  out  numer- 
ous branches  on  both  sides,  but  particularly  to 
the  west,  where  all  the  culminating  summits  are 
found.  The  northern  portion  of  this  range  has 
received  the  name  of  the  Pennine  Chain  and  is 
commonly  designated  "the  backbone  of  Eng- 
land." It  is  properly  a  continuation  of  the 
Cheviot  Hills,  and,  commencing  at  the  Scottish 
border,  proceeds  south  for  about  270  miles,  till, 
in  the  counties  of  Derby  and  Stafford,  it  as- 
sumes the  form  of  an  elevated  moorland 
plateau.  In  Derbyshire  The  Peak  rises  to  the 
height  of  2,082  feet.  By  far  the  most  important 
of  its  offsets  arc  those  of  the  west,  more  espe- 
cially if  we  include  in  them  the  lofty  mountain 
masses  in  northwestern  England,  sometimes 
classed  separately  as  the  Cumbrian  range.  Amid 
these  mountains  lie  the  celebrated  English  lakes, 
of  which  the  most  important  are  Windermere, 
Derwent  Water,  Coniston  Lake  and  Ullswater. 
Here  also  is  the  highest  summit  of  northern 
England,  Sea  Fell  (3,210  feet).  The  Pennine 
Chain,  with  its  appended  Cumbrian  range  is 
succeeded  by  one  which  surpasses  both  these  in 
loftiness  and  extent,  but  has  its  great  nucleus 
much  farther  to  the  west,  where  it  covers  the 
greater  part  of  Wales,  deriving  from  this  its 
name,  the  Cambrian  range.  Its  principal  ridge 
stretches  through  Carnarvonshire  from  north 
and  west,  with  Snowdon  (3,560  feet)  as  the  cul- 
minating point  of  south  Great  Britain;  across 
the  Bristol  Channel  from  Wales  is  the  Devonian 
range.  It  may  be  considered  as  commencing 
in  the  Mendip  Hills  of  Somerset  and  then 
pursuing  a  southwest  direction  through  that 
county  and  the  counties  of  Devon  and  Corn- 
wall to  the  Land's  End,  the  wild  and  desolate 
tract  of  Dartmoor  forming  one  of  its  most 
remarkable  features  (highest  summit,  High 
Willhaycs,  2.039  feet).  Other  ranges  are  the 
Cotswold  Hills,  proceeding  in  a  northeast  direc- 
tion from  near  the  Mendip  Hills;  the  Chiltcrn 
Hills  taking  a  similar  direction  farther  to  the 
east  and  the  North  and  South  Downs  running 
east,  the  latter  reaching  the  southern  coast  near 
Bcachy  Head,  the  former  reaching  the  southeast 
coast  at  Folkestone. 

A  large  part  of  the  surface  of  England  con- 
sists of  wide  valleys  and  plains.  Beginning  in 
the  north,  the  first  valleys  on  the  east  side  arc 
those  of  the  Coquet.  Tyne  and  Tees;  on  the 
west  the  beautiful  valley  of  the  Eden,  which,  at 
first  hemmed  in  between  the  Cumbrian  range 
and  Pennine  Chain,  gradually  widens  out  into 
a  plain  of  about  470  square  miles,  with  the 
town  of  Carlisle  in  its  centre.  The  most  im- 
portant of  the  northern  plains  is  the  Vale  of 
York,  which  has  an  area  of  nearly  1.000  square 
miles.  On  the  west  side  of  the  island,  in  south 
Lancashire  and  Cheshire,  is  the  fertile  Cheshire 
plain.    In  Wales  there  are  no  extensive  plains, 
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the  valleys  generally  having  a  narrow,  rugged 
form  favorable  to  romantic  beauty,  but  not 
compatible  with  great  fertility.  Wales,  how- 
ever, by  giving  rise  to  the  Severn,  can  justly 
claim  part  in  the  vale,  or  series  of  almost  un- 
rivaled vales,  along  which  it  pursues  its  roman- 
tic course  through  the  counties  of  Montgomery, 
Salop,  Worcester  and  Gloucester.  Southeast  of 
the  Cotswold  Hills  is  Salisbury  plain,  a  large 
elevated  plateau,  of  an  oval  shape,  with  a  thin, 
chalky  soil  only  suitable  for  pasture.  In  the 
southwest  the  only  vales  deserving  of  notice 
arc  those  of  Taunton  in  Somerset  and  Exeter 
in  Devon.  A  large  portion  of  the  southeast 
may  be  regarded  as  a  continuous  plain,  con- 
sisting of  the  Wealds  of  Sussex,  Surrey  and 
Kent,  between  the  North  and  South  Downs, 
and  containing  an  area  of  about  1,000  square 
miles.  The  southeast  angle  of  this  district  is 
occupied  by  the  Komncy  marsh,  an  extensive 
level  tract  composed  for  the  most  part  of  a  rich 
marine  deposit.  Extensive  tracts  of  a  similar 
nature  are  situated  on  the  eastern  coast  in 
Yorkshire  and  Lincoln,  where  they  arc  washed 
by  the  Humber;  and  in  the  counties  which 
either  border  the  Wash,  or,  like  Northampton, 
Bedford,  Huntingdon  and  Cambridge,  send 
their  drainage  into  it  by  the  Ncn  and  the  Ouse. 

For  the  climate  of  England  sec  Great  Brit- 
ain—  Geographical  Environment. 

River*.—  England  is  well  supplied  with  riv- 
ers, many  of  them  of  great  importance  to  in- 
dustry and  commerce.  Most  of  them  carry 
their  waters  to  the  North  Sea.  If  we  consider 
the  drainage  as  a  whole,  four  principal  river 
basins  may  be  distinguished,  those  of  the 
Thames,  Wash  and  Humber  belonging  to  the 
North  Sea;  and  the  Severn,  belonging  to  the 
Atlantic.  The  basin  of  the  Thames  has  its 
greatest  length  from  cast  to  west,  130  miles,  and 
its  average  breadth  about  50  miles,  area,  in- 
cluding the  Mcdway,  6,100  square  miles.  The 
river  itself,  which  is  the  chief  of  English  rivers, 
has  a  length  of  210  miles.  The  basin  of  the 
Wash  consists  of  the  subordinate  basins  of  the 
Great  Ouse,  Nen,  Welland  and  Witham,  which 
all  empty  themselves  into  that  estuary,  and  has 
an  area  computed  at  5,850  square  miles.  The 
basin  of  the  Severn  consists  of  two  distinct 
portions,  that  on  the  right  bank,  of  an  irregularly 
oval  shape,  and  having  for  its  principal  tribu- 
taries the  Tcme  and  the  Wye;  and  that  on  the 
left,  of  which  the  Upper  Avon  is  the  principal 
tributary  stream.  The  area  of  the  whole  basin 
is  8,580  square  miles.  The  next  basin,  that  of 
the  Humber,  the  largest  of  all,  consists  of  the 
three  basins  of  the  Humber  proper,  the  Ouse 
and  the  Trent,  and  its  area  is  9,293  square  miles, 
being  about  one-sixth  of  the  whole  area  of 
England  and  Wales.  Other  rivers  unconnected 
with  these  systems  arc  the  Tyne,  Wear  and 
Tecs,  in  the  northeast ;  the  Eden,  Ribble,  Mersey 
and  Dec,  in  the  northwest.  The  southern  coast 
streams  are  very  unimportant  except  for  their 
estuaries.    See  Thames. 

Areas  and  Population  — The  total  area  of 
England  and  Wales  amounts  to  58,340  square 
miles,  and  the  population  (1911  census)  aggre- 
gated —  England.  34.045.290;  Wales,  2,025.202. 
making  a  total  of  36,070,402.  A  later  official 
estimate,  made  in  1914,  placed  the  total  at 
36,960.684;  while  the  National  Register,  taken 
in  August,  1915,  placed  the  civilian  population 
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at  35,360,000.  In  1901  England  and  Wales  con- 
tained 78  per  cent  of  the  population  of  the 
United  Kingdom;  in  1911  it  rose  to  79.8  per 
cent,  or  four-fifths  of  the  whole  British  Isles. 
The  density  of  the  population  in  England  is 
greater  than  in  any  other  European  country 
(disregarding  Monaco)  except  the  kingdom  of 
Saxony  (829  per  square  mile).  In  1911  it  was 
for  England  alone  670  per  square  mile;  for 
England  and  Wales.  618.  In  Scotland  it  was 
only  154,  and  Ireland  137  per  square  mile. 

The  first  uniform  census  of  the  United 
Kingdom  was  taken  in  1801.  The  growth  of 
population  in  England  and  Wales  during  264 
years  is  shown  by  the  following  available 
statistics: 

lnl650  (estimated)   5.4M).OO0 

1750  (probably)   6.400.000 

1*01  (census)    8.802.536 

1841  (England)   15.002.443 

1851  (together)     16.921.888 

1861         "    18.954.444 

1871         '    21.495.331 

1881         "    24.6J3.926 

1891         *        .....   29.002.525 

1901         *    32.526.075 

1911         *    36.070.492 

1914  (estimate!)   36.960,684 

During  the  100  years  (1801-1901)  the  popu- 
lation of  the  United  Kingdom  rose  from  16,- 
000  000  to  41,000,000.  The  1911  census  revealed 
17,445,608  males  and  18,624.884  females,  an  ex- 
cess of  1,179,276  females.  Men  serving  in  the 
army,  navy  and  merchant  service  abroad  are 
not  included  in  this  calculation.  The  number 
of  separate  families  in  1911  was  8,005.290,  as 
compared  with  7,036,868  in  1901.  In  1914  there 
were  879,096  births,  37.329  illegitimate  births, 
294.401  marriages  and  516,742  deaths.  The  pro- 
portion of  male  to  female  births  for  that  year 
was  1,036  male  to  1,000  female,  while  of  the 
total  estimated  population  17,877,052  were  males 
and  19,083.632  females.  The  following  table 
shows  the  areas  and  population  of  the  40  Eng- 
lish and  12  Welsh  counties  (1911): 


Cointibs 
(Administrative) 


Area  in 
square 


Population 


(Administrative) 


Area  in 
square 


Population 


Bedfordshire   466  4  1 94 . 588 

Berkshire   721  9  195.811 

Buckinghamshire   743.2  219.551 

Cambridgeshire   492  5  128.322 

Cheshire   1.027,8  676.275 

Cornwall   1.356.6  328.098 

Cumberland   1.520  4  265.746 

Derbyshire   1.029  5  560.013 

Devonshire   2.604,9  457.331 

Dorsetshire   987  9  223.266 

Durham   1.014  6  929.214 

Esses   1.523  2  1,061.851 

Gloucestershire                         ...  1.243  3  329.014 

Hampshire   1.623.5  433 , 5  66 

Herefordshire   839  6  114.269 

Hertfordshire   634  6  311.284 

Huntingdonshire   366  0  55.S77 

Isle  of  Ely   371.0  69.752 

Kent   1.554.7  1.020.965 

L*1»«hirc   1.880  2  1,739.320 

Leicestershire   823.6  249.331 

Iincolnshire: 

Holland     410  6  82.849 

Kestevcn   727  9  111.324 

I.indsey   1.501  7  237.843 

London   117.0  4.521.685 

Middlesex   283.3  1.126.465 

Monmouthshire   534.0  3t2.028 

Norfolk   2,041  4  321.733 

Northamptonshire   1.003  1  211.733 

Stnke  of  Peterbr.ro"   83 .5  44.718 

Northnmberhnd   2.018.0  371,474 

Nottinghamshire   843  4  344 . 194 


Oxfordshire.   755  7  146.721 

Rutlandshire   152  0  20.346 

Shropshire   1 .343  0  246. 307 

Somersetshire   1.630.3  407.304 

Staffordshire   1.171  2  738,990 

Suffolk   1.488  6  32C.128 

Surrey   758  0  676.027 

Sussex    1.459  2  418,454 

Warwickshire   902  3  408.227 

Westmoreland   786  2  63,575 

Wight.  Isle  of   146  9  88,186 

Wiltshire   1.374.9  286.822 

Worcestershire    751  0  427,026 

Yorkshire: 

East  Riding   859.0  1S4.768 

North  Riding   2.124  5  314.779 

West  Riding    2,264  2  1.584.880 


Following  are  the  72  county  boroughs,  their 
areas  and  populations: 


CorvTY  BoRofcus 
(England) 


Area 
(square 
miles) 


Barrow-in-Fur 

Bath.  City  of  

Birkenhead  

Birmingham,  City  of   

Blackburn  

Blackpool  

Bolton  

Bootle  

Bradford.  City  of  

Brighton  

Bristol.  City  of  

Burnley   

Burton-on- Trent  

Bury  

Canterbury.  City  of  

Chester.  City  of  

Coventry.  City  of  

Croydon  

Derby  

Devonport   . 

Dudley   

Eastbourne  

Eseter.  City  of  

Gateshead  

Gloucester.  City  of  

Great  Yarmouth  

Grimsby  

Halifax  

Hastings  

Huddersficld  

Ipswich    

K.in«ston-upon-Hull,  City  of.  . 

Leeds,  City  of .   

Leicester  

Lincoln.  City  of   

Liverpool.  City  of  

Manchester,  City  of  

Middlesbrough    

Newcastle-upon-Tyne,  City  of. 

Newport  (Monmouth)  

Northampton  

Norwich.  City  of  

Nottingham,  Citv  of  

Oldham  

Oxford.  City  of  

Plymouth  

Portsmouth  

Preston  

Reading  

Rochdale  

Rotherham  

St.  Helens  

Salford  

Sheffield.  City  of  

Smethwick  

Southampton  

Southp'irt  

South  Shields  

Stockport   

Stoke-on-Trent  

Sunderland  

Tvnernnuth  

Wiils.nl!   

Warrington  


If  .2 

4L  V     T  —  A 

o3  .  77v 

J.  3 

Ml .  4 11 

i  irk  -n, 
13*1.  4  V4 

21  0 

525  .  f  33 

12  2 

133  .  U52 

5.0 

58 . 37 1 

23  8 

1  SO .  851 

3  0 

69 . 876 

O  A 

/  H  .  <S  /  4 

35  5 

IBS  jet 

inn .  4 

13  4  lit 

131.  237 

3  9 

27  3 

35  7  ,  U4n 

o  2 

106 . 322 

O.  > 

48 .  266 

V.  1 

5  >S  ,  <>A  y 

O.  2 

7-4  .  ©26 

A  C 

4  5 

in   r\  >t 

J  V  .  US  IS 

1 1SA     l  jfi 

i  a  n 

14. u 

«  i 

ill   a »n 
1*3,  41V 

40 

4 .  V 

"1  . o/8 

51  079 

10  1 

52.542 

4  9 

48.664 

4  9 

116.917 

3  6 

50.035 

5  6 

S5  . 905 

45 

74.659 

21  8 

101  . 553 

7.0 

61  .  145 

18  5 

107  .  821 

12.7 

73.932 

14  3 

277  .  991 

33  7 

445  . 550 

13  4 

227.222 

5  8 

57 . 285 

26  0 

746.421 

33  8 

714.333 

4  2 

104  .  767 

13  2 

266. t03 

7.0 

83.C91 

5  4 

90.0r>4 

12  3 

121 .478 

17  1 

259 . 904 

7  4 

147  .483 

7  3 

53.048 

3  5 

112  .O30 

9  5 

231  .  141 

6  2 

117  .088 

9  2 

75  .  198 

10  1 

91  .4  2S 

9  3 

62  .483 

11  4 

96.551 

8  1 

231 .357 

37  9 

454  . 632 

3  0 

70 . 694 

7  2 

119. Ol2 

8  0 

51  .643 

3  7 

108.647 

8  5 

108.682 

17  4 

234.534 

5  2 

151. 159 

6  8 

58.816 

11  7 

92. 115 

4.7 

72.  166 
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Cofxrv  Bouovc.fis 
(England) 


Ami 


Population 


West  Bromwich      .     9.1 

West  Ham   7.3 

Wnt  Hartlepool   4.2 

Wigan   7.6 

Wolverhampton   5. 5 

Worcester,  City  of                     ...  4.9 

York.  City  of   5.8 

Wslsh  Counties  (12) 

Anglesey    276  0 

Brecknockshire   733  2 

Cardiganshire     692 . 5 

Carmarthenshire   919.5 

Carnarvonshire   571.8 

DenbUshtre   665.7 

Flintshire     254.7 

Glamjrganshtre                            .  764.8 

Merionethshire   659  9 

Montgomeryshire    797  0 

Pembrokeshire   614.0 

Radnorshire     470.5 

Wklsh  Boroughs  (J) 

Cardiff,  City  of   9  8 

V.eTthyr  Tydfil. .  .    27.7 

Swansea     8.1 


68.350 
289.033 
63.922 
89.152 
95.328 
47.982 
82.282 


50.928 
59.287 
59.879 
160.405 
125.043 
144.783 
92.705 
742.998 
45.565 
53.146 
89.960 
22.590 


182.259 
80.990 
114.663 


The  political  divisions  are  —  England.  40 
counties  in  231  divisions  returning  231  members 
to  Parliament ;  134  cities,  boroughs,  etc.,  in  204 
divisions  returning  225  members ;  and  three 
universities,  5  members.  Total,  England,  461 
members.  Wales,  13  counties  in  22  divisions  — 
22  members;  10  cities,  boroughs,  etc.,  in  11 
divisions  — 12  member*.  Total,  Wales,  34. 
Total  parliamentary  representatives,  England 
and  Wales.  495  (Scotland,  72;  Ireland,  103). 

Historical  Summary.— The  leading  events 
in  Enelish  history  (which  are  treated  more  fully 
elsewhere),  may  be  briefly  summarized  here 
for  ready  reference: 

B.  C.  55  —  First  Roman  invasion  under  Julius  Casar.  led 

to  Rvnan  con-pest  and  civilization 
A.  D.  410  —  Roman  evaluation;  left  Britain  and  her  earliest 

civilisation  a  prey  to  the  harharians. 
449  —  English  land  in  Britain;  birth  of  feudalism  and  It-cal 

government. 

597  —  Landing  of  Aucustine;  conversion  of  English  to 
Christianity:  beginning  of  papal  domination. 

78J  —  Beginning  of  Danish  invasions;  inaugurated  a  period 
of  anarchv  and  warfare,  arresting  progress  and  prejiaring 
England  for  conqucrt  by  the  Normans. 

82S  —  Ellandune  and  supremacy  of  Weseex;  union  of  English 
kiwtd-ims  under  Egbert. 

878  —  Ethandunc  and  Treaty  of  Wedmore;  England  saved 
from  anarchy  and  devastation;  inauguration  of  King 
Alfred's  reforms. 

1066  —  Battle  of  Hastings;  Normans  conquered  Saxons; 
introduction  of  Norman  civilitation;  beginning  of  Eng- 
land's greatness. 

1085  —  Domesday  book  and  Salisbury  Oath;  established 
feudal  system,  and  the  power  of  the  Crown;  reformed 
central  government. 

1095  —  Crusades  bcnan;  undermined  feudalism;  aided  the 
rise  of  the  middle  classes;  introduced  Eastern  civilization. 

1100 -Charter  of  Liberties;  basis  of  English  liberty  and 
of  Mavna  Carta. 

1106  —  Tenchebrai;  conquest  of  Normandy;  beginning  of 
colonial  empire  and  of  English  power  in  France. 

1 170  —  Invasion  of  Ireland:  inaugurated  incessant  misrule 
and  anrachy  in  a  part  of  the  British  Empire;  opened  a 
problem  not  vet  solved  in  the  20th  centurv. 

1215  —  Magna  Carta;  first  written  law  and  first  real  guar- 
antee of  the  liberty  of  the  subject;  basis  of  all  subsequent 
legislation. 

1265  —  De  Montfort's  Parliament;  first  representative  par- 
liament; beginning  of  popular  representation. 

1295  —  Model  Parliament  of  Edward  I;  first  free  parliament; 
all  classes  completely  represented. 

1314  — Battle  of  Bar.n.ick'wn;  established  Scotland's  in- 


1322  — Commons  gain  a  share  in  legislation;  the  middle 
classes  begin  winning  their  way  into  first  place  in  the 
government. 

1316  —  Battle  of  Crecy;  definitely  plunged  England  into  a 
century's  struggle  with  Prance;  established  the  supremacy 
of  yeomen  and  mercenaries  over  feudal  knights  and  feudal 
levies. 

1349  —  The  "Black  Death;" — depopulated  Europe;  pro- 
voked a  life  and  death  struggle  between  capital  and  labor, 
culminating  in  the  Peasants'  Revolt. 

1381  — Peasants'  Revolt;  revolution  in  the  manorial  system; 
emancipation  of  serfs;  new  era  in  the  history  of  labor. 

1399  —  Deposition  of  Richard  II  and  accession  of  Henry 
IV;  overthrow  of  royal  despotism:  establishment  of  con- 
stitutional monarchy;  its  failure  marked  a  century  and  a 
half  of  great  misery. 

1429  —  Siege  of  Orleans;  turning  point  in  the  Hundred 
Years'  War"  death-blow  to  English  Continental  Empire; 
caused  the  War  of  the  Roses. 

1430 — Disfranchising  Act;  lower  middle  classes  deprived 
of  their  vote;  no  representative  parliament  for  exactly 
four  centuries. 

1461  —  Battle  of  Towton  and  of  Mortimer's  Cross:  over- 
throw of  Lancastrian  rule  and  of  the  constitutional  experi- 
ment; inauguration  of  the  New  Monarchy  (the  "  benev- 
olent despotism  "  of  the  Crown). 

1473  —  Caxton  introduced  printing;  inaugurated  the  "New 
Learning  "  and  the  education  of  the  masse*. 

1497  —  Cabot's  discovery  of  the  American  mainland;  inau- 
gurated trade  with  America;  forerunner  of  British-American 
empire. 

1529 — Divorce  of  Catherine  of  Arr-gon;  Reformation  set 


1534  —  Act  of  Supremacy;  separation  from  Rome;  King 
supreme  head  of  English  Church;  establishment  of  Anglican 
Church. 

1558  —  Accession  of  Elizabeth;  final  victory  of  Protestantism; 

beginning  of  brilliant  Elizabethan  era  and  of  England's 

supremacy  in  Europe. 
1588  —  Defeat  of  the  Spanish  Armada;  Protestantism  saved; 

England  mistress  of  the  seas;  inaugurated  great 

between  Crown  and  Parliament. 
1604  — The  name    "Great  Britain"  given  to 

Scotland  and  Wales. 
1607  —  Colonization  of  Virginia;  began  rivalry  of  English 

and  French  in  America. 

1678  —  Petition  of  Right;  first  great  victory  of  Parliament 
over  Stuart  despotism ;  ranks  with  Magna  Carta  as  a  bulwark 
of  English  liberties. 

1640  —  Meeting  of  the  Long  Parliament;  overthrew  Stuart 
despotism. 

1641  — Root  and  Branch  Bill  and  Grand  Remonstrance: 
plunged  England  into  the  great  Civil  War;  victory  of 
Puritanism  over  Episcopacy. 

1645  —  Battle  of  Naseby;  victory  of  Puritan  army  over 
Royalists;  led  to  execution  of  Charles  I. 

1649  —  Execution  of  Charles  I.;  overthrow  of  the  Consti- 
tution. Monarchy,  Church  and  Parliament;  establishment 
of  republic. 

1660  —  Restoration;  overthrow  of  Puritanism;  restoration 
of  Monarchy,  Church  and  Parliament;  renewal  of  Stuart 
despotism. 

1679  ~  -  Habeas  Corpus  Act;  prevented  arbitrary  imprison- 
ment; guaranteed  to  the  accused  a  fair  trial. 

1688  —  The  "  Glorious  Pevolntion;"  final  overthrow  of 
royal  despotism:  establishment  of  constitutional  govern- 
ment; Bill  of  Rights  —  the  third  great  guarantee  of 
English  liberty. 

1093  —  Nati  imd  Debt  began;  revolution  in  British  finance; 
Bank  of  England  founded  (1691);  security  of  invest- 
ment. 

1704  —  Battle  of  Blenheim;  taved  England  and  Europe  from 
French  domination. 

1707  —  Union  with  Scotland;  completed  the  union  of  Great 
Britain;  new  era  in  Scottish  development. 

1721  —  Walpolc  Prime  Minister;  cabinet  system;  party 
government;  inaugurated  a  peace  policy  which  formed 
the  foundation  of  England's  future  supremacy. 

1757  —  Battle  of  Plasscy;  conquest  of  India;  saved  England's 
Empire  in  the  East. 

1759  —  "Annus  Mirabilis  " — the  most  wonderful  year  in 
England's  history;  gave  her  Canada;  overthrew  French 
supremacy:  led  to  Treaty  of  Paris,  and  establishment  of 
her  great  Colonial  Empire. 

1783  -  Treaty  of  Versailles;  Pitt  Prime  Minister;  independ- 
ence of  New  England  colonies;  overthrow  of  George  Ill's 
absolutism. 

1788  —  Settlement  in  New  South  Wales;  colonization  of 
Australia,  and  establishment  of  Australasian  Empire. 

1789  —  Outbreak  of  French  Revolution;  overthrow  of  Conti- 
nental feudalism;  inaugurated  revolt  of  the  oppressed; 
plunged  Europe  into  rjreat  wars;  produced  Napoleon; 
arrested  reform  in  England  for  40  yctrs. 

1801  —  L'nion  with  Ireland;  Pitt's  failure  to  solve  the  Irish 
question. 

1805  —  Trafalgar;  finally  established  Britain's  naval  suprem- 
acy, and  saved  her  from  Napoleon's  r<~ 
1815  —  Waterloo. 
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Redistribution  Recommendation!  for  Eng- 
land and  Wales  On  4  Oct.  1917  the  report 

of  the  boundary  commission  was  published  as  a 
blue  book  in  three  volumes.  The  commis- 
sioners recommended  the  extinction  of  27  Eng- 
lish boroughs  and  merging  them  in  county  con- 
stituencies in  order  to  remove  the  "confusion 
and  inconvenience"  caused  by  overlapping 
boundaries.  It  was  not  intended  to  create  any 
new  parliamentary  boroughs  with  a  population 
of  less  than  70,000,  yet  in  several  cases  it  would 
be  necessary  to  do  so  owing  to  peculiar  local 
conditions.  According  to  the  estimated  popula- 
tion in  1914  (the  last  census  was  in  1911),  the 
average  population  per  member  in  the  new  con- 
stituencies was  given  as  71,005  for  England 
and  72,099  for  Wales;  the  two  countries  to- 
gether, 71,078.  The  general  effect  of  the  scheme 
will  be  to  increase  the  number  of  members  for 
English  constituencies  from  461  to  485;  of 

GENEALOGICAL  TABLE  OF  ENGLISH  SOVEREIGNS,  975~i9i8 

England  Nnrmnnrty 
Eadcar.  975  Richard  I.  996 

AkTHELRBD  11^  1016  =  EMMA.  RlCHARD  II.  1026 

Eadward  thk  Confessor,  1066  Robert.  1 035 

William  the  Conqueror,  1081  —  Matilda 
William  II.  11C0.    Henry  I.  1135.  Adkla 
Geoffrey.  Count  of  Anjou  <  Plant  agbnkt)  —  Matilda 

Henry 'il.  1189 

Richard  I.  lioo.    John.  1216.     Godfrey.  1186.  Matilda 
Henry  III.  1272  Richard  of  Cornwalus.  1272 

Edward  I,  1307 

Edward  II.  1327 

i 

Edward  III.  1377 

Black  Prince.  1376.  Clarence,  1368.  York.  1402.     Lancaster.  1400  

Richard  II.  1400    Phillippa  Henry  IV.  1413.  Charll-s  VI  uy  Franlk.  BEAUFORT,  1410.  Card.  Beaufort 

I  I 
Roger  Mortimer.  1399  |     Henry  V.  1422  =  Catharine  —  O.  Tudor.     John.  1444 

.  ■  •  .  |  | 

Edmund.  1424.  Anne  =  Cambridge.  1415.  York.  1415.  Henry  VI,  1471.  Edmund  =  Margaret 

EdwardTv,  1483.       Richvrd  III.  1485.       Clarence.  1478 

Edward  V,  1483.  York.  I4R3.  Elizabeth  —  Henry  VII.  1S09 

James  IV  of  Scotland.  1513  =  Margaret  =  Douglass.  15S7.     Henry  VIII.  1547.  Mary 

James  V.  1542       Margaret      Mary.  1558.    Elizabeth.  1603.    Edward  VI.  1557 

Mary  Stuart  -  Darnlky,  1567.    Charles,  1576 
I 

James  I,  1625 

Charles  I,  1640  Elizabeth  =  Frederick  V 

Charlks  II.  U.8S.      James  II.  1701.       Mary  =  William  of  Orange    Sophia  =  Dvkb  of  Brunswick 
Anne.  1714.    The  Pretender,  1766.    Mary,  1694  -  William  III.  1702       George  I.  1727 

George  II.  1760 
Frederick.  Prince  of  Wales,  1751 
George  III.  1820 

George  IV.  1830.     William  IV.  1837.     Edward,  Dukk  of  Kent.  1820  ^  Victoria  1861 

Victoria.  1901  =  Aldert.  1861 
Edward  VII.  1910  —  Alexandra.  — 

George  V.          -^Victoria  Mary  — 

Edward  Albert  Mary  Hknky  George  John 
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1829  —  Catholic  Emancipation  Act:  triumph  of  religious 
toleration  in  England;  put  an  end  to  religious  hatred  and 
persecution. 

1832  —  First  Great  Reform  Bill;  new  phase  in  parliamentary 
reform;  gave  the  franchise  to  the  upper  middle  classes; 
added  half  a  million  voters. 

1846  —  Repeal  of  the  Corn  Laws;  triumph  of  free  trade; 
cheap  food  for  the  masses. 

1854-55  —  Crimean  War. 

18d8  —  Second  Great  Reform  Bill;  gave  the  franchise  to 
the  lower  middle  classes;  added  over  a  million  voters. 

1869  —  Disestablishmcrt  of  the  Irish  Church;  gave  to  Ireland 
the  religious  liberty  enjoyed  by  Great  Britain;  marked  a 
new  phase  in  the  Irish  question  —  that  of  reform  and 
attempted  conciliation. 

1879  — Zulu  War. 

1882  —  British  supremacy  in  Egypt  established  at  Tel-el- 

Kebir;  end  of  the  Anglo-French  condominium;  beginning 

of  British  conquest  in  North  Africa. 
1885  — Third  Great  Reform  Bill;  jjavc  the  franchise  to  the 

laboring  classes;  completed  popular  representation;  added 

over  two  million  voters. 
1899  —  South  African  War. 
1901  —  Death  of  Queen  Victoria. 
1910  —  Death  of  Ring  Edward  VII. 
1914  —  Great  Britain  declared  war  on  Germany. 
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Welsh  constituencies  from  34  to  35;  total  in- 
crease for  England  and  Wales,  23  members. 

Some  of  the  changes  under  the  redistribution 
scheme  are  given  below.  Birmingham  is  allotted 
12  members  instead  of  7;  Bradford,  4  instead 
of  3;  Bristol,  5  instead  of  4;  Kingston-upon- 
Hull,  4  members  instead  of  3;  Leeds,  6, 
formerly  5 ;  Leicester,  3  members,  formerly  2 ; 
Liverpool,  11,  formerly  9;  Manchester,  10  mem- 
bers, formerly  6;  Portsmouth,  3,  formerly  2; 
Sheffield,  7  members,  formerly  5.  New  bor- 
oughs created  arc  Accrington,  Barnsley,  Black- 
pool, Bootle,  Bromley,  Kent,  Ealing,  East  Ham. 
Eccles,  Edmonton,  Hornsey,  Ilford,  Kingston- 
upon-Thames,  Leigh,  Leyton,  Morley,  Nelson, 
Richmond,  Surrey,  Rossendale,  Rotherham, 
Smethwick,  Southend-on-Sea,  Southport,  Tot- 
tenham, Wallasey,  Wallsend,  Walthamstow, 
Willesden,  Wimbledon. 

ENGLAND'S  HELICON,  an  anthology  of 
150  poems  by  popular  writers  of  the  period, 
edited  by  John  Bodenham  in  1600.  It  was  re- 
published in  1812. 

ENGLEHEART,  George,  English  minia- 
ture painter:  b.  Kew,  1752;  d.  1829.  He  was  a 
pupil  of  George  Barret  and  Sir  Joshua  Rey- 
nolds. In  1773  he  first  exhibited  at  the  Academy. 
He  retired  in  1813.  He  is  reputed  to  have 
painted  in  all  about  4,850  miniatures,  mostly  on 
ivory,  but  also  on  enamel.  He  was  a  good 
draughtsman  and  a  skilful  colorist.  He  was 
appointed  miniature  painter  to  George  III  in 
1790,  whom  he  painted  25  times.  He  was  the 
most  important  rival  of  Richard  Cosway  for 
court  honors.  Consult  Williamson  and  Engle- 
heart,  'George  Englcheart'  (  London  #1902). 

ENGLER,  Edmund  Arthur,  American  edu- 
cator: b.  Saint  Louis,  Mo.,  23  Dec.  1856.  He 
was  graduated  at  Washington  University  in 
1876,  where  he  taught  mathematics  from  1881 
to  1901.  In  1901-11  he  was  president  of  the 
Worcester  Polytechnic  Institute  and  in  1911 
returned  to  Washington  University  as  secre- 
tary and  treasurer.  He  was  a  member  oi  the 
Washington  University  eclipse  party  to  Nor- 
man, Cal.,  in  1889,  served  as  chairman  of  the 
jury  of  the  department  of  manufactures  at 
the  Buffalo  Exposition  of  1901,  and  chairman 
of  the  international  jurv  on  instruments  of 
precision  at  the  Saint  Louis  Exposition  of 
1904.  He  is  Fellow  of  the  American  Association 
for  the  Advancement  of  Science  and  member  of 
many  other  scientific  societies,  serving  as  presi- 
dent in  1898-1901  and  again  in  1912-15  of  the 
Saint  Louis  Academy  of  Science.  He  is  a 
frequent  contributor  to  magazines  on  scientific 
subjects. 

ENGLER,  Heinrich  Gustav  Adolf,  German 
botanist:  b.  Sagan  1844.  He  received  his  edu- 
cation at  Brcslau,  held  the  chair  of  botany  at 
Kiel  in  1878-84,  and  at  Brcslau  in  1884-89  In 
the  latter  year  he  was  appointed  to  the  chair  of 
botany  at  Berlin,  becoming  also  director  of  the 
Botanical  Gardens.  His  work  has  been  more 
or  less  exclusively  devoted  to  classification  and 
plant  geography.  After  1881  he  edited  the 
leading  journal  in  this  field,  the  fiotanische 
Jahrbiicher.  His  most  remarkable  publication 
is  'Syllabus  dcr  Pflanzenfamilien,'  the  classifi- 
cation of  which  has  been  almost  universally 
adopted.  With  Prantl  he  issued  a  systematized 
presentation  of  the  plant  genera  of  the  world, 


entitled  'Die  natiirlichen  Pflanzenfamilien,*  and 
of  the  species,  'Das  PHanzenreich.'  With 
Drude  he  prepared  a  detailed  plant  geography 
of  the  different  regions  under  the  title,  'Die 
Vegetation  dcr  Erde.' 

ENGLEWOOD,  Colo.,  city  of  Arapahoe 
County,  five  miles  south  of  Denver.  It  is  the 
seat  of  the  National  Swedish  Sanitarium  and 
the  Molkeray  Sanitarium.  The  surrounding 
region  is  engaged  in  agriculture,  dairying  and 
stock-raising,  which  represent  the  city's  prin- 
cipal interests.  The  city  contains  many  beautiful 
homes,  and  is  a  favorite  residential  suburb  of 
Denver,  with  which  it  is  connected  by  trolley. 
Pop.  2,983. 

ENGLEWOOD,  N.  J,  city,  in  Bergen 
County,  near  the  Hudson  River,  on  a  branch  of 
the  Erie  Railway,  about  13  miles  north  of 
Jersey  City.  It  lies  on  the  long  slope  toward 
the  west  from  the  crest  of  the  Palisades  of  the 
Hudson.  It  is  a  beautiful  residential  city,  con- 
tains two  summer  homes  for  working  girls,  a 
hospital  and  a  library  with  over  10,000  volumes. 
The  township  of  Englewood  was  set  off  from 
the  old  township  of  Hackensack  in  1871.  It 
was  incorporated  as  a  city  in  1895.  but  because 
of  error  under  the  constitution  of  the  State  it 
was  reincorporated  in  1899.  While  not  im- 
portant in  manufactures  the  United  States 
census  for  1914  showed  within  the  city  limits 
19  establishments  of  factory  grade,  employing 
135  persons;  91  being  wage  earners  receiving 
annually  a  total  of  $51,000  in  wages.  The  capi- 
tal invested  aggregated  $257,000,  and  the  year's 
output  was  valued  at  $321,000:  of  this,  $210,000 
was  the  value  added  by  manufacture.  Pop. 
11,487. 

ENGLIS,  John,  American  shipbuilder:  b. 
Brooklyn,  25  Nov.  1808:  d.  Brooklyn,  25  Oct 
1888.  He  was  educated  in  the  public  schools  of 
New  York  and  learned  the  shipbuilding  trade 
there.  In  1837  he  went  to  Lake  Erie  where  he 
built  his  first  steamships.  A  few  years  later  he 
returned  to  New  York,  opened  a  shipyard  of 
his  own  on  the  East  River  and  devoted  himself 
to  the  building  of  steamships,  a  science  then  still 
in  its  infancy  and  facing  many  difficult  problems. 
To  the  solution  of  these  he  brought  a  keen 
scientific  mind  and  a  great  capacity  for  hard 
work,  which  soon  put  him  into  the  forcrank  of 
American  shipbuilders.  During  his  long  busi- 
ness career  he  built  a  total  of  89  boats,  mostly 
side-wheelers.  Amongst  them  were  many  of 
the  most  famous  boats  of  this  period,  such  as 
the  steamboats  Saint  John.  Dean  Richmond, 
Daniel  Drew,  Grand  Republic  and  especially  the 
Long  Island  Sound  liner  Newport.  The  last- 
named  boat  was  340  feet  long  and  made  the 
trip  from  New  York  to  Newport  in  eight  hours, 
a  record  which  stood  for  many  years.  In  1861 
he  built  the  Unadilla,  the  first  gunboat  built 
for  the  United  States  government.  Many  im- 
provements in  shipbuilding  were  due  to  him. 
After  his  retirement  his  son  and  grandsons 
continued  his  shipyard. 

ENGLISCH,  Joseph,  Austrian  surgeon:  b. 
Freudenthal,  Austrian  Silesia,  1835.  He  re- 
ceived his  education  at  the  University  of  Vienna 
and  in  1871  was  appointed  one  of  the  chief  phy- 
sicians at  the  Rudolf stiftung.  In  1892  he  was 
appointed  to  the  chair  of  surgery  at  the  Univer- 
sity of  Vienna.   He  was  widely  recognized  as 
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an  authority  on  genito-urinary  diseases.  His 
published  works  include  '  U eber  Ovarial- 
hernien'  (1871);  «Zur  Kadikalbchandlung  der 
Eingeweidebruche'  (1878);  'Ucber  abnorme 
Lagerung  des  Hodens  ausserhalb  der  Bauch- 
hohle>  (1885);  'Uebcr  angeborene  Pcnisnsteln' 
(lav2). 

ENGLISH,  Thomas  Dunn,  American  au- 
thor: b.  Philadelphia,  Pa.,  29  June  1819;  d. 
Newark,  N.  J.,  1  April  1902.  He  was  gradu- 
ated in  medicine  at  the  University  of  Pennsyl- 
vania in  1839.  In  1842  he  was  admitted  to  the 
bar.  From  1844-52  and  1857-59  he  engaged  in 
journalism  in  New  York  and  Washington.  From 
1852-57  he  practised  medicine  in  what  is  now 
West  Virginia.  During  the  years  1859-7"  he 
divided  his  time  between  New  York  city  and 
Fort  Lee,  N.  J.  In  the  latter  year  he  removed 
to  Newark,  N*.  J.,  where  he  resumed  the  prac- 
tice of  medicine.  He  was  a  member  of  the 
New  Jersey  State  assembly  in  1863-64,  and  of 
Congress  in  1891-95.  During  all  these  years  he 
was  also  very  active  in  literary  work.  He  was 
the  author  of  'Ben  Bolt,'  an  exceedingly  popu- 
lar ballad  (1843),  which  after  having  long  fal- 
len into  obscurity  was  revived  by  its  employ- 
ment in  Du  Mauricr's  novel  'Trilby,'  but  which 
owed  its  popularity  more  to  its  sentimentality 
and  its  musical  setting  than  to  any  inherent 
poetical  merit.  His  published  writings  are 
'Zcphaniah  Doolittle:  a  Poem.  From  the 
Manuscripts  of  Montmorency  Snccrlip  Snags, 
Esq.'  (Philadelphia  1838);  'Walter  Woolie' 
1842);  '1844;  or,  the  Power  of  the  «S.F.B  A 
Talc'  ;  'Developing  the  Secret  Action  of  Parties 
During  the  Presidential  Campaign  of  18r4' 
(New  York  1847)  ;  together  with  C.  G.  Foster, 
•The  French  Revolution  of  18s8,  etc'  (Phila- 
delphia 1848);  'Ambrose  Fecit,  or,  the  Peer 
and  the  Printer'  (New  York  1867)  ;  'American 
Ballads'  (New  York  1880)  ;  'The  Boy's  Book 
of  Battle-Lvrics'  (New  York  1885);  'Jacob 
Schuyler's  Millions'  (New  York  1886);  'The 
Rules  of  Order  Governing  Public  Meetings, 
etc'  (under  the  pseud.  F.  M.  Payne,  New 
York  1887);  'Old  Glory:  A  Song'  (1895); 
'Fairy  Stories  and  Wonder  Tales'  (New  York 
1897)  ;  'The  Little  Giant,  the  Big  Dwarf  and 
Two  Other  Wonder  Tales,  etc.'  (Chicago  1904). 
During  the  period  of  his  New  York  residence 
he  also  wrote  about  20  plays  for  Palmo's  Opera 
House,  later  Burton's  Theatre,  on  Chambers 
street,  New  York,  of  which  only  one,  'The 
Mormons;  or,  Life  at  Salt  l.rke  City,  A  Drama 
in  Three  Acts,'  has  been  published  (New  York 
1858).  Consult  Noll,  A.  H..  'Thomas  Dunn 
English'  (in  Midland  Monthly,  Vol.  VII,  p.  3, 
Des  Moines  1897). 

ENGLISH,  William  Haydcn,  American 
capitalist:  b.  Lexington,  Ind.,  27  Aug.  1822;  d. 
Indianapolis,  Ind.,  7  Feb.  1S96.  He  was  edu- 
cated at  Hanover  College,  Indiana,  and  ad- 
mitted to  the  bar  in  1840.  However,  he  soon 
became  interested  in  politics,  gave  up  the  prac- 
tice of  law,  and  successively  held  variuiis  local, 
State  and  Federal  positions.  In  1851  he  was 
elected  to  the  Indiana  State  legislature  where 
he  served  as  speaker.  He  was  elected  to  Con- 
gress in  1852  and  served  there  through  four 
consecutive  terms.  As  a  member  of  the  Com- 
mittee on  Territories,  in  opposition  to  his  own 
party,  he  worked  against  the  admission  of  Kan- 
sas to  the  Union.    He  reported  from  the  Com- 


mittee of  Conference  what  was  known  as  the 
•English  bill,"  in  which  it  was  urged  that  the 
question  of  admission  be  referred  baik  to  the 
people  of  Kansas  according  to  the  provision  ot 
the  Lecompton  constitution.    This  was  adopted 
and  the  people  voted  against  admission.  He 
strongly  opposed  secession,  and  warned  South- 
ern Congressmen  that  the  North  would  never 
countenance  such  a  policy.    He  also  served  as 
regent  of  the  Smithsonian  Institution  for  eight 
years.    He  finally  refused  the  offer  for  a  re- 
nomination  for  a  fifth  term  in  Congress  and  in 
1863  removed  to  Indianapolis  where  he  founded 
the  First  National  Bank  and  soon  made  a  repu- 
tation for  himself  as  a  banker.   Though  not 
taking  an  active  part  in  the  Civil  Wrar,  he  was  an 
ardent  supporter  of  the  Union.    He  continued 
his  interest  in  politics,  and,  in  1880,  was  unani- 
mously nominated  by  the  Democratic  party  for 
the  office  of  Vice-President  on  the  unsuccessful 
ticket  with  General  Hancock  against  Garfield 
and  Arthur.    He  was  president  of  the  Indiana 
Historical  Society,  a  number  of  whose  publica- 
tions were  financed  by  him.    He  also  publish: d 
'Conquest  of  the  Countrv  Northwest  of  the 
River  Oh:o,  1778^83,  and  Life  of  General  G.  R. 
Clark'   (2  vols.,  Indianapolis  1896).  Consult 
Forney,  J.  W.,  'Life  and  Military'  Career  of 
W.   S.   Hancock,   etc.'    (Philadelphia   18<*)) ; 
Keyser.  C.  S.,  'The  Life  of  W.  H.  English' 
(Philadelphia  1880). 

ENGLISH  ARCHITECTURE.  The  ear- 
liest architecture  of  England  (not  including  the 
megalithic  remains  at  Stonchenge,  Avebury. 
etc,  whose  date  and  history  are  still  in  con- 
troversy and  which  can  hardly  be  classed  as 
architecture)  dates  from  the  Roman  occupation, 
which  has  left  many  remains  of  wrlls,  villas 
and  baths  (Bath,  Silchester,  etc.),  but  hardly 
more  than  the  foundations  of  these.  Indeed, 
there  is  but  Ittle  left  of  any  architecture  pre- 
vious to  the  Norman  Conquest  (1066  A.D.),  for 
the  active  building  of  churches  and  monasteries 
which  followed  involved  the  demolition  of  most 
of  the  earlier  Christian  or  "Saxon"  edifices.  A 
few  walls,  crypts  and  fragments  show  that  they 
were  without  exception  rudely  built,  with  little 
of  architectural  elegance  in  design  or  decora- 
tion. The  tower  of  Earl's  Barton  is  the  most 
noted  of  these  remains. 

Following  the  Conquest,  there  began  und;r 
the  Norman  kings  a  remarkable  activity  in 
building,  especially  of  abbeys  and  castles.  The 
imported  Norman  style,  itself  a  provincial 
phase  of  the  French  Romanesque,  was  modified 
in  English  hands,  developed  into  the  An^lo- 
Norman,  and  applied  in  the  building  of  great 
monastic  churches,  many  of  which  surpassed 
in  size  those  of  France  or  Italy.  This  style 
was  marked  by  its  great  massivencss;  the  use 
of  the  round  arch  of  stepped  section;  huge 
piers  sometimes  round,  sometimes  clustered; 
square  lantern-towers  at  the  crossing  of  nave 
and  transept;  timber  ceilings  in  preference  to 
vaulting  for  the  high  central  aisle;  and  re- 
stricted but  bold  decoration  in  which  the  zig- 
zag is  the  most  frequent  motive.  Interlaced 
arches  frequently  appear  as  a  wall  decoration. 
The  original  abbey-cathedral  of  Canterbury.  St 
Alban's  abhry,  Romscy  abbey,  Ely  and  Peter- 
boro'  cathedrals,  Winchester,  Southwell,  Dur- 
ham, Norwich,  Gloucester  and  Hereford  cathe- 
drals, the  church  of  Christchurch,  Saint  Bar- 
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tholomew's  at  London,  the  Tower  of  London 
with  its  Saint  John's  chape),  and  many  feudal 
castles  belong  to  this  style,  which  lasted  from 
1070  to  1200.  Most  of  the  above  churches 
were  in  part,  Canterbury  almost  wholly,  rebuilt 
in  the  following  centuries. 

The  Anglo-Norman  style  passed  away  with 
the  introduction  from  France  of  the  Gothic 
style  (see  Gothic  Architecture)  in  the  re- 
building of  the  choir  of  Canterbury  Cathedral 
destroyed  by  fire  in  1174.  The  pointed  arch 
had  been  used  occasionally  before  this  date  in 
England,  but  from  about  1190  its  use  became 
the  general  rule,  and  with  it  the  English 
adopted  the  ribbed  vault  and  traceried  window 
and  less  universally  the  flying  arch  and  buttress. 
The  new  style  Uicy  developed  on  independent 
lines,  retaining  more  of  the  early  massiveness 
than  did  the  French,  with  less  display  of  the 
structural  framework  in  stone.  The  English 
cathedrals  of  1190  to  1350  are  longer,  lower 
and  narrower  than  the  French,  less  ornate 
externally,  more  ornate  internally,  having  often 
two  transepts,  square  cast  ends  in  place  of 
apses  and  apsidal  chapels,  and  with  west  fronts 
often  forming  a  screen  of  picturesque  design 
instead  of  a  logical  expression  of  the  form  of 
that  end  of  the  church.  As  there  were  many 
cathedrals  which  were  abbey-churches  as  well, 
the  practice  became  general  of  grouping  with 
them  cloisters,  chapter-houses,  libraries  and 
residences  for  the  clergy.  Nearly  all  the  cathe- 
drals have  great  square  towers  at  the  crossing, 
forming  internal  lanterns ;  at  Ely  this  takes  the 
form  of  a  superb  octagon  as  wide  as  the  three 
aisles  together.  But  one  cathedral  was  built 
continuously  in  one  style  from  end  to  end, — 
Salisbury  (1220-58)  ;  Lichfield  Cathedral  and 
Westminster  Abbey  present  internally  a  fairly 
uniform  style,  although  their  building  covered 
in  both  cases  a  long  period;  most  of  the  cathe- 
drals were  so  often  rebuilt  in  one  or  another 
part  at  different  periods  that  they  exhibit 
clearly  the  changes  of  style  from  one  century 
to  another.  It  is  customary  to  distinguish 
these  different  phases  and  periods  by  names 
derived  from  the  window  designs,  e.g.,  the 
Lancet  (or  Early  English),  1174-1250;  the 
Decorated  (subdivided  into  "geometric*  and 
•Curvilinear"),  1250-1375;  and  the  Perpendicu- 
lar, 1375-1500  or  1520.  During  these  3-'6  years 
the  vaulting  was  developed  by  the  multiplying 
of  the  main  and  subordinate  ribs  into  the  ex- 
tremely ornate  form  seen  in  Henry  VII's 
Chapel  at  Westminster  and  other  late  works, 
and  known  as  fan-vaulting.  The  English  were 
consummate  workers  in  wood,  and  many  of  the 
larger  parish  and  collegiate  churches  and  secu- 
lar halls  have  timber  ceilings  with  "hammer- 
beam*  trusses  of  extraordinary  beauty,  instead 
of  stone  vaults.  Many  of  the  larger  parish 
churches  are  unequaled .  ejscwhere  except  by 
the  foreipn  cathedrals.  Among  the  most  im- 
portant of  the  predominantly  Gothic  cathe- 
drals are  Canterbury,  Lincoln,  Salisbury,  Ely, 
York.  Winchester;  of  the  second  rank.  Wells, 
Lichfield,  Exeter  and  Gloucester  may  be 
named ;  among  the  parish  churches  Boston, 
Sa:nt  Michael's  (Coventry),  Saint  Mary-Red- 
cl'ffe  at  Bristol,  and  Patrington;  and  among 
aobey-churches  Westminster,  Sherhorne  and 
Beverley. 

Dnrinfr  the  14th  and  15th  centuries  secular 
architecture  was  developed  in  new  lines  in  the 
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great  universities  and  schools,  and  in  vast 
manorial  residences  and  palaces;  to  this  phase 
the  name  of  Tudor  architecture  is  often  g.ven. 
Under  Henry  VIII  (1507-47)  artists  from 
Italy,  Germany,  Holland  and  Flanders  were  im- 
ported, by  whose  works  the  decorative  details 
of  Renaissance  art  were  made  known  to  the 
English;  but  the  Renaissance  taste  made  slow 
progress  in  architecture,  even  in  the  manor 
houses  of  the  wealthy,  which  continued  to  dis- 
play the  square  mullioncd  windows,  battle- 
mented  parapets  and  irregular  plans  of  the 
Tudor  Gothic  period.  Under  Elizabeth  (1558- 
1603)  and  James  I  (1003-25)  the  use  of 
Renaissance  forms  steadily  increased  —  round 
arches,  the  classic  "orders,*  openwork  balus- 
trades and  a  peculiar  fashion  of  flat  relief- 
ornament,  called  "strapwork"  and  derived  from 
Germany,  became  more  and  more  frequent 
(■Elizabethan*  and  "Jacobean*  styles).  This 
prepared  the  way  for  the  introduction  of  a 
more  purely  Italian  or  classic  style  by  Inigo 
Jones  under  James  I  and  Charles  I.  and  for  its 
culmination  in  Saint  Paul's  Cathedral  (q.v.)  by 
the  great  Sir  Christopher  Wren  (q.v.),  whose 
53  churches  built  after  the  Great  Fire  of  1666, 
and  his  works  at  Hampton  Court,  Greenwich, 
Oxford  and  Cambridge  firmly  established  the 
style.  It  continued  to  be  used  throughout  the 
18th  century  and  was  the  parent  style  of  our 
own  "Colonial*  or  Georgian  style  (see  Archi- 
tecture—United States).  The  19th  century 
was  marked  by  attempts,  partially  successful,  to 
revive  the  Greek  and  Gothic  styles  in  modern 
work ;  but,  except  in  church  architecture,  the 
tendency  of  English  design  has  since  1880  been 
toward  Renaissance  forms  very  freely  adopted. 
The  most  notable  example  of  the  Gothic  Re- 
vival is  the  Houses  of  Parliament  by  Barry 
(1835-50).  The  best  work  of  the  present-day 
architects  of  England  is  in  domestic  archi- 
tecture, in  which,  on  the  whole,  they  are  tin- 
equalcd  or  at  least  unsurpassed.  In  the  design 
of  rural  buildings,  of  small  cottages,  of  garden 
suburbs  and  of  country  churches  they  especially 
excel. 

Bibliography.— The  literature  of  EnRlish 
architecture  is  enormous  in  volume.  Only  a 
few  leading  works  can  be  mentioned.  On  »«<•- 
diaval  architecture  the  works  of  Sir  T.  G. 
Jackson,  E.  S.  Prior  and  F.  Bond,  and  the 
earlier  works,  now  somewhat  out  of  date,  of 
Rickman,  Puffin,  Britton,  Parker,  etc;  also 
Moore,  C,  'Medixval  Church  Architecture  of 
England.'  On  the  Renaissance  developments: 
Blomficld,  R..  'A  Short  History  of  Renaissance 
Architecture  in  England' ;  Gotch  and  Brown, 
'Architecture  of  the  Renaissance  in  England'; 
Richardson,  C.  J.,  'Monuments  of  Classic  Ar- 
chitecture in  Great  Britain.'  For  the  more  re- 
cent developments  one  must  consult  the  archi- 
tectural periodicals.  There  is  no  single  work 
devoted  to  the  work  of  the  last  50  years. 

A.  D.  F.  Hamlin, 
Professor    of    Architecture,    Columbia  Uni- 
versity. 

ENGLISH  CHANNEL,  or  THE  CHAN- 

NEL  (Rom.  Mare  Britannicus,  French  La 
Manchc),  an  arm  of  the  Atlantic  Ocean  ex- 
tending into  the  west  coast  of  Europe  to  the 
Strait  of  Dover,  bv  which  it  is  connected  with 
thf*  North  Sea.  The  land  bod'es  senarated  by 
this   channel   are    F.rtjland   and   France.  Its 
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length  from  the  Strait  of  Dover  to  the  Atlantic 
Ocean  is  about  350  miles;  its  greatest  breadth, 
from  Saint  Malo,  in  France,  to  Sidmouth,  in 
England,  is  140  miles;  its  narrowest  width, 
called  the  Strait  of  Dover,  is  about  20  miles. 
At  its  juncture  with  the  Atlantic  Ocean  it  is 
about  100  miles  wide.  Its  total  area  is  about 
30,000  square  miles.  The  average  depth  of 
the  western  half  is  about  300  feet,  the  maxi- 
mum about  500.  In  the  eastern  half  the  aver- 
age is  only  200,  and  in  the  Strait  of  Dover  the 
depth  varies  from  6  to  120  feet.  The  length  of 
the  north  coastal  line,  from  Land's  End  to 
Dover,  is  390  miles;  and  of  the  south  coastal 
line  from  Calais  to  Ushant  is  570  miles.  Some 
of  the  largest  indentations  on  the  coast  of  Eng- 
land are  the  bays  of  Falmouth,  Plymouth, 
Lyme,  Weymouth,  Spithead  and  The  Solent. 
On  the  coast  of  France  are  Baie  de  la  Seine, 
Bate  de  Saint  Brieuc  and  Baie  de  Mont  Saint 
Michel.  The  principal  islands  in  the  Channel 
are:  Isle  of  Wight,  Channel  Islands  and  sev- 
eral other  islands  near  the  coast  of  France; 
Scilly  Isles  and  Ushant  at  the  entrance.  The 
most  important  ports  are:  on  the  English  coast, 
Falmouth,  Plymouth,  Southampton,  Ports- 
mouth, Brighton.  Folkestone,  Andover;  on  the 
French  coast,  Cherbourg,  Le  Havre,  Dieppe, 
Boulogne  and  Calais.  Many  of  these  and 
many  other  towns  and  villages  on  both  coasts 
have  become  famous  as  watering  places  and 
seaside  resorts.  The  tides,  coming  both  from 
the  Atlantic  Ocean  and  from  the  North  Sea, 
possess  many  peculiarities  and  make  navigation 
difficult  at  times.  There  are  many  lighthouses 
and  light  ships,  the  most  famous  of  which,  per- 
haps, is  the  Eddystonc  Light  off  Plymouth. 
The  prevalent  winds  are  most  westerly.  Gales 
are  frequent,  especially  between  October  and 
January.  Fog  and  thick  weather  are  also  fre- 
quent occurrences  throughout  the  entire  year. 
The  water,  most  of  the  time,  is  rough  and 
makes  travel  in  the  Channel  as  a  rule  a  most 
unpleasant  experience.  This  has  been  a  chief 
factor  in  bringing  forth  many  plans  for  a  direct 
non-water  connection  between  England  and 
France,  either  by  means  of  a  bridge  or  a  tun- 
nel. Of  the  former  the  most  important  has 
been  a  project  put  forward  by  the  famous 
French  engineering  firm,  Schneider  &  Co., 
Le  Crcusot,  in  conjunction  with  English  and 
French  engineers,  which  provided  for  a  bridge 
24  miles  long  with  120  piers  and  permitting  the 
passage  of  ships  beneath  it.  The  tunnel  project 
was  found  feasible  from  an  engineering  point 
of  view,  and  preliminary  shafts  and  headways 
were  started  on  both  coasts.  On  the  English 
side  the  shaft  at  Shakespeare's  Cliff,  Dover,  is 
164  feet  deep,  and  a  driftway,  7  feet  in  di- 
ameter at  an  inclination  of  1  in  72,  extends 
eastward  under  the  Channel  for  2,300  yards. 
During  the  borings  valuable  coal  beds  were  dis- 
covered. So  far,  however,  neither  the  bridge  nor 
the  tunnel  projects  have  been  able  to  get  the 
final  approval  of  cither  the  English  or  the  French 
government.  Many  historic  naval  engagements 
have  been  fought  in  the  Channel.  Consult 
Channel  Bridge  and  Railway  Co.,  'Pont  sur  la 
Manche'  (Paris  1890) ;  Great  Britain,  Admi- 
ralty, Hydrographic  Department,  'The  Channel 
Pilot*  (2  parts.  London) ;  Hawkshaw,  J.  C, 
'The  English  Channel  Tunnel  and  Its  Early 
History'   (in  Scientific  American  Supplement, 


Vol.  LXXVIII,  pp.  18  and  34,  New  York  1914) ; 
Hersent,  H.,  and  Sir  John  Fowler,  and  Benj. 
Baker,  'Pont  sur  la  Manche,  Avant-Projets  dc 
MM.  Schneider  et  Cie.,  etc'  (Paris  1889); 
Jukes-Brown,  A.  J.,  'Geographical  Evolution 
of  the  English  Channel'  (in  Contemporary 
Review,  Vol.  LXI,  p.  855,  London  1892); 
Mackinder,  H.  J.,  'Britain  and  the  British  Seas' 
(New  York  1902);  McMullen.  R.  T..  'Down 
Channel'  (London  1893) ;  Perkins,  W.  T.,  ed, 
'Channel  Tunnel:  Reports  by  British  and 
French  Engineers'  (London  1907) ;  Spethmann, 
H.,  <Der  Kanal  mit  seinen  Kusten  und  Flotten- 
stutzpunkten'  (in  Kreigsgeographxsche  Zeit- 
bilder,  Part  3,  Leipzig  1915). 

ENGLISH  CHRONICLES.  The  writing 
of  English  chronicles  begins  with  the  'Anglo- 
Saxon  Chronicle,'  the  earliest  English  history 
written  in  the  English  language,  and  the  ear- 
liest vernacular  record  of  national  events  in 
modern  Europe.  The  'Chronicle'  opens  with 
the  Christian  era,  combining  in  its  earlier  parts 
records  of  Roman,  Christian  and  British  events. 
It  rapidly  becomes  strictly  national,  carrying  the 
record  of  English  history  forward  to  a  consid- 
erable period  after  the  Norman  Conquest.  It 
treats  in  general  of  the  affairs  of  all  the  Eng- 
lish-speaking peoples  in  Great  Britain,  and  as 
one  of  the  first  attempts  at  an  expression  of 
coherent  national  life  and  as  a  trustworthy 
source  of  information  concerning  the  language, 
history  and  social  manners  and  customs  of  the 
Anglo-Saxon  period,  the  importance  of  the 
•Chronicle'  can  hardly  be  overestimated.  Al- 
though the  work  itself  does  not  mention  the 
name  of  its  author,  there  is  strong  evidence  to 
show  that  in  its  original  form  it  was  under- 
taken at  the  suggestion  of  King  Alfred  and 
was  in  part  actually  written  by  him.  From  this 
original  form,  now  no  longer  extant,  t  copies 
were  made  and  carried  to  different  sections  of 
England,  where  they  served  as  foundations  of 
what,  from  that  time,  became  separate  and  in- 
dependent chronicles.  Seven  of  these  local 
chronicles,  with  a  fragment  of  an  eighth,  have 
come  down  to  us.  The  date  at  which  the  orig- 
inal parent  version  was  made  was  about  892, 
and  the  place  was  probably  Winchester,  the  cap- 
ital of  the  West-Saxon  kingdom.  The  form  in 
which  the  'Chronicle'  is  written  is  that  of  a 
book  of  annals,  the  entry  for  each  year  contain- 
ing usually  the  record  of  but  a  single  occur- 
rence. For  the  early  years  the  records,  derived 
chteflv  from  literary  sources,  are  brief  and 
colorless,  but  in  the  later  parts,  particularly  in 
the  accounts  of  the  Danish  wars,  when  the  nar- 
rative becomes  more  nearly  contemporary  with 
the  time  of  the  compilation  of  the  work,  the)' 
become  more  detailed  and  vigorous.  At  no 
time,  however,  is  there  an  attempt  to  write  a 
philosophic  history,  to  point  out  the  causes  or 
the  trend  of  events.  This  is  in  accord  with  the 
main  purpose  of  chronicle  writing,  which  is 
merely  to  keep  the  events  of  history  in  their 
right  chronological  perspective,  the  details  cen- 
tering about  these  events  being  largely  entrusted 
to  oral  tradition.  This  annalistic  purpose  of 
the  'Chronicle*  determined  also  its  mechanical 
form.  The  scribe's  method  was  to  rule  off  a 
number  of  pages  as  though  preparing  a  journal 
in  which  the  entries  were  to  be  made  by  years 
instead  of  days.  Each  year  was  thus  given  a 
blank  space  opposite  its  number  sufficient  usa- 
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ally  for  only  a  few  lines.  The  scribe  then  in- 
serted whatever  annals  he  had  been  able  to  col- 
lect, leaving  the  spaces  for  which  he  had  no 
materials  to  be  filled  in  later  when  new  mate- 
rial should  become  available.  This  method  of 
chronicle  writing  remained  long  in  use  in  Eng- 
land, being  followed  by  Capgrave  as  late  as 
the  15th  century. 

Although  no  single  model  or  source  for  the 
'Chronicle'  is  known,  there  were  in  existence  in 
Alfred's  time  a  number  of  Latin  works  which 
were  of  help  in  its  first  compilation.  Of 
these  the  most  important  were  Bede's  'Historia 
Ecclesiastica  Gentis  Anglorum,'  finished  in  731; 
Bede's  'De  temporum  rationc,'  a  chronological 
essay  containing  a  short  epitome  of  the  history 
of  the  world  from  Adam  to  729  a.d.  ;  Orosius' 
'Universal  History'  ('Pauli  Orosii  Historiarum 
Adversum  Paganos  Libri  VII') ;  and  doubtless 
many  records  of  national  events  preserved  in 
local  monastic  libraries.  But  the  'Chronicle' 
was  an  original  work  in  that  it  strove  to 
record  the  life  of  a  nation.  Just  as  the  codes 
of  laws  systematized  the  customs  and  rules  of 
living  of  the  people,  so  the  'Chronicle'  fixed 
for  them  the  ever-receding  events  of  their 
history. 

From  the  period  of  its  original  composition 
to  the  middle  of  the  11th  century,  the  'Anglo- 
Saxon  Chronicle'  established  the  form  for  all 
historical  writing  in  England.  Although  we 
now  know  only  seven,  with  the  fragmentary 
eighth,  versions  of  the  'Chronicle,'  the  number 
in  the  Anglo-Saxon  period  must  have  been 
much  greater,  copies  being  probably  kept  at 
every  important  monastery  and  town.  Toward 
the  end  of  the  Anglo-Saxon  period,  however, 
the  'Chronicle'  tends  to  become  less  and  less 
national  and  more  and  more  ecclesiastical  in 
its  character.  In  harmony  with  this  change 
the  language  of  chronicle  writing  changed  also 
to  Latin.  The  use  of  Anglo-Saxon  as  late  as 
1154,  the  date  of  the  latest  entry  in  that  tongue, 
appears  only  in  one  version,  and  is  plainly  due 
to  reasons  of  respect  for  the  traditional  lan- 
guage of  the  'Chronicle.'  To  take  the  place 
of  the  English  annals  of  the  'Chronicle,'  new 
histories  began  to  be  written  in  Latin.  The 
earliest  of  these  was  that  of  Ethelwerd;  others 
from  the  beginning  of  the  12th  to  the  14th 
century  were  the  histories  of  Symcon  of  Dur- 
ham, Florence  of  Worcester.  William  of 
Malmesbury,  Henry  of  Huntingdon.  Roger  of 
Hovedcn,  Matthew  of  Paris,  Matthew  of  West- 
minster. Roger  of  Wcndover,  and  Ralph  Higdcn, 
whose  'Polychronicon'  was  the  "standard  work 
of  general  history  in  the  14th  and  15th  cen- 
turies* (Babington,  ed.  of  'Higden'  in  the  Rolls 
Scries,  p.  xliit).  All  of  these  Latin  histories 
derived  much  of  their  material  either  directly 
or  indirectly  from  the  'Anglo-Saxon  Chronicle.' 
In  the  Middle  English  period  several  metrical 
histories  were  written  in  English,  the  'Brut' 
of  Layamon,  the  chronicles  of  Robert  of 
Gloucester  and  of  Robert  Manning  of  Brunne: 
but  these  arc  better  characterized  as  historical 
romances  than  as  attempts  at  veracious  history. 
The  writing  of  prose  histories  in  English  begins 
again  with  Trcvisa's  translation  of  Higden's 
'Polychronicon,'  made  in  1387,  and  with  John 
Capgrave's  original  chronicle,  written  about  the 
middle  of  the  following  century.  The  tone  of 
Capgrave's  work,  as  compared  with  the  'Anglo- 
Saxon  Chronicle.'   is  extremely  naive.  The 


writers  of  the  'Chronicle'  had  a  most  rigid  sense 
of  historical  fact,  but  the  work  of  Capgrave  and 
his  contemporaries  is  marked  by  an  altogether 
uncritical  and  credulous  mingling  of  legend  and 
history.  As  a  result,  however,  of  this  infusion 
of  the  romantic  spirit  into  historical  writing, 
the  older  annalistic  method  gave  way  to  one  in 
which  greater  attention  was  paid  to  a  consecu- 
tive narrative  interest,  after  the  manner 
of  modern  historical  writing.  The  national 
awakening  accompanying  the  reigns  of  Henry 
VIII  and  Elizabeth  resulted  in  a  renewed  in- 
terest in  the  writing  of  these  history-chronicles. 
In  1516  appeared  Fabyan's  'New  Chronicles  of 
England  and  France' ;  in  1562  Grafton's 
'Abridgment  of  the  Chronicles  of  England' ;  in 
1565  Stowe's  'Summarie  of  Englyshc  Chroni- 
cles' ;  and  in  1578.  the  most  important  of  the 
Elizabethan  chronicles  because  of  the  use  made 
of  it  by  Shakespeare,  'The  Chronicles  of 
England,  Scotland  and  Ireland,'  written  by 
Holinshed  with  the  assistance  of  several  others. 
The  term  chronicle  continued  to  be  used  in  the 
titles  of  historical  works  to  the  end  of  the  17th 
century,  as  in  Sir  Roger  de  Coverley's  favorite 
book,  Baker's  'Chronicle  of  the  Kings  of  Eng- 
land,' 1643;  by  this  time,  however,  the  naive 
annalistic  chronicle  had  largely  given  way  to 
the  more  philosophical  treatment  of  events 
which  is  designated  by  the  name  of  history. 

Bibliography. —  For  general  bibliography, 
consult  Gross,  'Sources  and  Literature  of  Eng- 
lish History  from  the  Earliest  Times  to  about 
1485'  (1900).  Editions  of  most  of  the  chroni- 
cles will  be  found  in  the  Rolls  Scries;  the  best 
edition  of  the  'Anglo-Saxon  Chronicle'  is  that 
of  Earle  and  Plummer  (Oxford  1892-99).  The 
literary  significance  of  the  chronicles  is  dis- 
cussed by  Schofield,  'English  Literature  from 
the  Norman  Conquest  to  Chaucer'  (pp.  29-46)  ; 
and  by  Schelling,  'English  Chronicle  Plays' 
(New  York  1902).  Consult  also  'Cambridge 
History  of  English  Literature'  (Vol.  I,  chap. 7, 
1907). 

George  P.  Krapp, 
Professor  of  English,  Columbia  University. 

ENGLISH  COLLEGE  AT  ROME,  an 

ancient  institute  in  the  papal  city,  erroneously 
supposed  to  have  been  founded,  according  to 
statements  of  mediaeval  chroniclers,  about  816. 
In  reality  it  dates  from  the  middle  of 
the  14th  century,  when  the  Hospice  of  Saint 
Thomas  of  Canterbury, —  which  owed  its  estab- 
lishment to  the  iubilces  — was  founded  and 
liberally  endowed  for  the  entertainment  of  Eng- 
lishmen visiting  the  Holy  See.  In  the  time  of 
Henry  VIII  refugees  from  England  were  har- 
bored in  the  hostel.  In  the  reign  of  Elizabeth 
the  institution  was  transformed  into  a  seminary 
for  the  education  of  aspirants  to  the  priesthood 
who  proposed  to  serve  in  the  English  mission, 
which  they  entered  with  pretty  fair  assurance 
of  the  martyr's  crown.  This  seminary  was 
placed  under  Jesuit  control,  the  date  of  ap- 
pointment of  fiie  first  rector  — the  real  birth- 
day of  the  college  —  being  23  April  1579. 
Between  1578  and  1647,  40  of  the  alumni  of  the 
institution,  serving  as  missionary  priests  in  Eng- 
land, were  executed  for  the  high  treason  of 
exercising  the  Catholic  ministry  contrary  to  the 
laws  of  the  realm ;  and  when  Saint  Philip  Neri, 
founder  of  the  Congregation  of  the  Oratorians, 
met  any  of  the  young  English  ecclesiastics  in 
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the  streets  of  Rome,  his  invariable  salutation 
was  Avete  flores  martyrum  —  "Hail  flower  of 
the  martyrs."  The  college  was  plundered  and 
wrecked  by  the  French  republican  army  1798 
and  its  resources  dissipated;  it  was  resuscitated 
1818;  its  president  from  1831  to  1846  was  Nicho- 
las Wiseman,  afterward  first  archbishop  of 
Westminster,  and  cardinal. 

ENGLISH      CONSTITUTION.  See 

Great  Britain  —  History  ;  Parliament. 

ENGLISH  COURTS.  Sec  Court. 
ENGLISH   FURNITURE.     See  FURNI- 
TURE, MkDI.*VAL. 

ENGLISH  HARBOR,  a  harbor  on  the 
southern  coast  of  Antigua  (qv.),  one  of  the 
Leeward  Islands.  It  is  the  site  of  a  British 
naval  station,  which  from  its  location  is  one  of 
the  important  British  possessions  in  the  West 
Indies.  Consult  Oliver,  V.  L.,  'The  History  of 
the  Island  of  Antigua'  (3  vols.,  London 
18°4-99). 

ENGLISH  LACQUERWORK.  See  Lac- 
quers AND  LaCQL'EKWORK. 

ENGLISH  LAND.   See  Pale,  The. 

ENGLISH  LANGUAGE.  The  English 
language  is  a  direct  development  of  the  Anglo- 
Saxon,  a  circumstance  which  makes  it  question- 
able whether  the  latter  speech  ought  to  be  dis- 
tinguished by  a  separate  name.  But  although  a 
direct  development  of  the  Anglo-Saxon,  it  is  not 
a  development  which  has  been  allowed  to  take 
place  regularly  and  gradually,  as  the  result 
merely  of  internal  causes.  One  important  ex- 
ternal influence  was  brought  to  bear  on  the  orig- 
inal form  of  our  language,  which  had  the  double 
effect,  first,  of  producing  a  much  more  sudden 
and  complete  modification  of  the  grammatical 
structure  than  could  have  taken  place  if  the 
language  had  grown  up  independently  of  for- 
eign influences;  and  secondly,  of  giving  a 
composite  character  to  the  vocabulary  of  the 
language  by  the  introduction  of  a  large  number 
of  foreign  words.  This  external  influence  was 
the  Norman  Conquest,  in  consequence  of  which 
a  new  language,  the  Norman-French,  came  to 
be  spoken  in  England  by  those  who  had  made 
themselves  the  masters  of  the  country,  and  who 
formed,  therefore,  almost  the  only  class  that  had 
leisure  and  opportunity  for  literary  pursuits. 
The  immediate  result  of  the  Norman  Conquest 
(1066)  was  thus  that  the  language  of  the  Nor- 
mans came  to  be  the  chief  literary  language  of 
England  (except  where  Latin  was  used),  and 
that  the  Anglo-Saxon  was  reduced  to  a  very 
subordinate  place.  When  the  latter  language 
again  comes  into  notice  as  a  written  language 
a  great  change  is  seen  to  have  been  wrought 
in  it.  Before  the  Conquest  it  was  a  very  highly 
inflected,  or  what  is  called  a  synthetic  language, 
that  is,  one  in  wh:ch  the  substantives,  adjectives, 
verbs  and  articles  are  subject  to  numerous 
modifications,  each  of  which  expresses  a  modi- 
fication of  the  root-meaning  of  the  word,  or 
shows  the  relation  of  the  word  to  the  other 
words  in  the  sentence.  During  the  period  when 
Anglo-Saxon  ceased  to  a  great  extent  to  be  a 
written  language  these  inflections  dropped  off ; 
and  when  it  re-emerges  as  a  written  language 
about  the  end  of  the  12th  century  it  is  no  longer 
synthetic,  but  analytic,  that  is,  prepositions  and 
auxiliaries  are  now  used  instead  of  inflectional 
prefixes  and  terminations  to  express  the  various 


modifications  of  the  idea  contained  in  any  word, 
and  the  relations  of  the  words  in  a  sentence  to 
one  another.  At  this  period,  however,  the  lan- 
guage still  continued  to  lie  essentially  homoge- 
neous in  respect  of  its  vocabulary:  the  Norman 
words  that  occur  arc  so  rare  that  they  need  not 
be  taken  into  account.  And  it  was  natural  that 
it  should  be  so,  for  the  Saxon  language  was 
still  confined  to  the  Saxon  inhabitants  of  the 
country;  and  those  who  wrote  in  it  addressed 
themselves  only  to  that  portion  of  the  commu- 
nity, and  accordingly  had  no  occasion  to  use  any 
word  of  Norman  origin.  This  state  of  matters 
lasted  till  about  the  middle  of  the  13th  century, 
which  is  the  period  at  which  English  proper  is 
usually  regarded  as  having  begun  to  be  spoken 
and  written.  By  this  time  the  Normans  began 
to  experience  the  inconvenience  of  not  being 
acquainted  with  the  language  of  the  people 
among  whom  they  dwelt,  and  in  learning  to 
speak  and  write  it  they  very  naturally  used  a 
large  number  of  Norman  words,  and  these 
words  were  adopted  by  all  such  writers  belong- 
ing to  the  subject  race  as  wished  to  make  them- 
selves understood  by  Norman  as  well  as  by 
Saxon  readers.  A  very  rapid  mixing  of  the  two 
languages  thus  took  place,  and  a  second  im- 
portant change  was  wrought  in  the  English  lan- 
guage. It  is  no  longer  homogeneous  in  its 
vocabulary,  but  contains  a  large  admixture  of 
foreign  words. 

The  whole  of  what  precedes  may  be  shortly 
summarized  thus :  From  450  to  1066  the  lan- 
guage spoken  in  England  was  the  so-called 
Anglo-Saxon,  a  dialect  of  Low  German,  very 
highly  inflected.  From  1066  to  1250  two  lan- 
guages were  spoken  in  England,  Anglo- S^xon 
and  Norman-French,  by  two  different  sect:ons 
of  the  population  occupying  different  polit;cal 
positions.  During  this  period  the  grammatical 
structure  of  the  former  language  began  to  be 
broken  up,  chiefly  owing  to  its  being  disused 
for  literary  purposes ;  and  toward  the  end  of 
the  period  we  find  a  few  works  written  in  a 
language  resembling  the  English  of  our  day  in 
grammar,  but  differing  from  it  by  the  homo- 
geneousness  of  its  vocabulary.  Finally,  about 
1250  the  two  languages  begin  to  mingle  and 
form  one  intelligible  to  the  whole  population, 
Normans  as  well  as  Saxons.  This  is  what  is 
usually  called  English  proper.  English  is  thus 
seen  to  be  a  composite  language,  deriving  part 
of  its  stock  of  words  from  a  German  source, 
and  part  from  a  Latin  source,  Norman-French 
being  in  the  main  merely  a  modified  form  of 
Latin. 

The  changes  that  have  taken  place  in  the 
English  language  subsequently  to  1250  arc  by 
no  means  as  striking  as  those  which  took  place 
in  the  transitional  period  between  1066  and  1250. 
Some  few  inflections  which  the  English  of  the 
13th  and  14th  centuries  still  retained  have  now 
been  dropped,  but  the  chief  change  w-hich  the 
language  has  experienced  consists  m  its  gradual 
growth  and  expansion  in  obedience  to  the  re- 
quirements of  advancing  science,  more  compli- 
cated social  relations,  and  increased  subtlety 
of  thought.  This  growth  has  been  going  on  at 
all  times,  but  there  are  some  periods  which  may 
be  pointed  out  as  more  remarkable  than  others 
for  the  rapidity  with  which  it  proceeded.  Such 
a  period  was  the  end  of  the  16th  and  the  begin- 
ning of  the  17th  century,  the  period  of  the 
Reformation  and  following  the  revival  of  learn- 
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ing,  when  numerous  words  of  Latin  origin  were 
introduced  by  scholars  directly  from  mat  lan- 
guage, instead  of  through  the  French,  the  chan- 
nel through  which  most  of  the  Latin  words 
previously  found  in  the  language  had  come. 
Another  such  period  is  the  present,  when  the 
rapid  growth  of  the  sciences  already  existing, 
and  the  creation  of  new  sciences,  have  caused 
whole  groups  of  words  to  be  introduced,  chiefly 
from  the  Greek. 

It  would  scarcely  be  in  place  here  to  discuss 
the  various  excellencies  and  defects  of  the  Eng- 
lish as  compared  with  other  languages,  but  we 
may  mention  the  following  as  among  the  quali- 
ties which  the  English  language  is  generally 
allowed  to  possess.  1.  Strength  and  expressive- 
ness, adapting  it  admirably  for  poetical  com- 
posit  on.  2.  Cc  piousness,  enhanced  as  shown 
under  assimilation,  by  the  extraordinary  recep- 
tivity of  the  language,  that  is,  its  capacity  for 
adopting  new  words  from  all  sources,  and  of 
naturalizing  them  at  once,  so  that  they  may  be 
treated  without  any  appearance  of  strangeness 
entirely  as  native  English  words.  3.  Simplicity 
in  form  and  construction.  4.  Great  flexib  lity,  or 
adaptability  to  all  kinds  of  composition,  the 
grave  and  gay,  the  impassioned  and  calm,  forci- 
ble and  tender,  subl.me  and  ludicrous.  5.  Power 
of  assimilation,  words  being  read  ly  adapted 
from  other  languages,  Italy,  France,  Spain,  Hol- 
land and  distinctive  terms  originating  in  the 
American  continent,  all  contributing  to  its  rich 
and  full  expressiveness.  The  influence  of  Eng- 
lish colonizing  is  seen  in  words  borrowed  from 
India,  South  Africa  and  other  colonics. 

In  connection  with  the  subject  of  the  English 
language,  we  may  here  further  observe,  that 
England  and  the  United  States  offer  the  first 
instance  in  history  of  two  great,  independent 
and  active  nations  having  a  common  language, 
but  situated  at  a  great  distance  from  each  other, 
and  daily  developing  new  and  characteristic 
features.  These  relations  must,  sooner  or  later, 
exert  a  powerful  influence  upon  the  common 
language,  for  no  language  is  so  stable  as  not  to 
undergo  continual  changes,  if  spoken  by  a  peo- 
ple in  the  full  vigor  of  social  and  political  life. 
This  state  of  things  has  already  produced  some 
effect  on  the  English  language.  The  most  ma- 
terial difference,  probably,  has  been  in  the  pro- 
nunciation of  the  language,  which,  however 
important  in  our  daily  conversation,  is  of  sec- 
ondary importance  in  relation  to  the  literature 
and  written  language  of  the  two  countries.  It 
has  often  been  observed  by  English  travelers 
and  others  that  the  pronunciation  of  the  United 
States  is  far  more  uniform  than  that  of  Eng- 
land: and  so  nearly  alike  everywhere,  that  the 
people  of  any  one  town  or  district  are  perfectly 
understood  in  every  other  part  of  the  country, 
which  is  not  true  of  the  lower  ranks  of  Eng- 
land. When  considered  more  minutely,  how- 
ever, there  has  for  a  long  time  existed  a  marked 
distinction  between  the  pronunciation  of  the 
New  England  and  Southern  States.  Only  in 
New  England  States  is  there  what  may  be 
termed  a  distinctive  dialect.  It  is  noted  by 
visitors  to  the  United  States,  especially  to  New 
England,  that  many  words  and  turns  of  expres- 
sions, familiar  to  the  England  of  Shakespeare, 
and  which  in  their  country  of  origin  have  either 
become  obsolete  or  degraded  into  provincialisms, 
are  living  a  full  and  vigorous  lite  on  this  side 
of  the  Atlantic.    The  orthography  of  the  Eng- 


lish language  has  undergone  no  material  change 
in  America,  it  being  the  general  inclination  to 
follow  that  of  the  best  English  writers  of  the 
age.  Under  the  inspiration  t>i  the  Simplified 
Spelling  Board.  President  Roosevelt  in  August 
1906  authorized  the  adoption  by  the  public 
printer  of  about  300  amended  spellings ;  but  so 
great  was  the  storm  of  criticism  that  the  order 
was  withdrawn  except  in  so  far  as  related  to  the 
correspondence  of  the  White  House. 

The  English  language  may  be  divided  into 
five  periods : 

1.  First  Period  450-1100  a.d. 

2.  Second  Period  1100-1250  A.D. 

3.  Third  Period  1250-1350  a.d. 

4.  Fourth  Period  1350-1460  a.d. 

5.  Fifth  Period  1460  a.d. —  the  present  day. 

In  the  first  period  (called  also  Anglo-Saxon 
or  Old  English),  the  language  was  inllectional ; 
in  the  second  it  began  to  show  a  tendency  to 
become  analytic,  the  tendency  increasing  till  in 
the  fourth  period  inflections  had  virtually  disap- 
peared. Before  the  Norman  Conquest  there 
were  two  dialects  in  English,  a  southern  and  a 
northern,  the  former  of  which  was  the  literary 
language.  After  the  Conquest  dialects  became 
much  more  marked,  so  that  we  can  distinguish 
three  great  varieties,  the  northern,  the  midland, 
and  the  southern,  distinguished  from  each  other 
by  various  grammatical  differences.  The  mid- 
land dialect — or  rather  the  subdivision  known  as 
the  cast  midland  —  was  that  most  widely  spread, 
and  it  ultimately  became  the  standard  language, 
a  result  principally  due  to  the  influence  of  Chau- 
cer, and  in  a  less  degree  of  Wyclif,  Gowcr  and 
others.   Sec  Dialect;  Lanciwcf,  Science  of. 

ENGLISH  LITERATURE.  The  Norman 
Conquest  made  a  great  change  in  the  develop- 
ment of  an  English  literature,  as  in  all  other 
forms  of  English  life.  Conditions  were  at 
first  most  unfavorable:  the  English  language 
might  be  used  by  any  who  pleased,  but  the 
clergy  naturally  used  Latin,  and  people  of  any 
position  French,  or  Anglo-Norman,  as  it  is 
commonly  called.  For  three  centuries,  there- 
fore, we  do  not  find  in  English  any  striking 
original  work,  anything  to  compare  in  interest 
with  the  Skaldic  poetry  and  the  Sagas  in  Ice- 
land, with  the  French  romances  and  fabliaux, 
with  the  German  epic  and  courtly  poetry.  Dur- 
ing these  centuries,  however,  we  do  find  in  Eng- 
land what  is  in  its  way  most  interesting,  namely, 
a  singularly  rich  representation  of  the  different 
phases  of  mediaeval  thought  VVc  may  con- 
veniently begin  with  the  work  connected  with 
the  older  order  of  things.  The  'Anglo-Saxon 
Chronicle'  was  still  kept  up  at  Worcester  and  at 
Peterborough.  Of  these  the  former  is  preserved 
only  as  far  as  1079;  the  latter  is  a  much  later 
work;  in  1121  the  whole  chronicle  was  rewritten 
and  then  carried  on  to  1154,  being  something 
more  than  a  mere  set  of  annals,  with  a  distinct 
character  of  its  own.  After  this,  beginning  in- 
deed before,  comes  a  stately  series  of  Latin 
chronicles,  though  in  English  we  find  only 
chronicles  in  verse.  Layamon's  'Brut*  (c. 
1200,  after  the  Anglo-Norman  of  Wace,  which 
itself  is  a  paraphrase  of  Geoffrey  of  Mon- 
mouth) is  most  interesting  as  language,  litera- 
ture and  legend,  giving,  among  other  things, 
the  introduction  of  King  Arthur  to  English 
readers.  Much  later  are  the  chronicles  of 
Robert  of  Gloucester  (c.  1300)  and  Robert  of 
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Bmnnc  (1330).  Layamon  is  hardly  as  much 
history  as  romance.  Of  this  latter  almost 
everything  is  from  French,  Scandinavian  or 
Celtic  sources:  there  is  little  native  English 
either  in  form  or  substance.  'King  Horn*  (c. 
1250)  and  'Havclock  the  Dane'  (c.  1275)  prob- 
ably go  back  to  Scandinavian  originals,  though 
they  are  still  regarded  by  some  as  English 
legend  material :  more  purely  national  are  the 
stories  of  'Bevis  of  Hampton*  (c.  1275)  and  of 
'Guy  of  Warwick*  (c.  1300),  though  the  ver- 
sions preserved  arc  probably  from  Anglo-Nor- 
man originals.  Renderings  of  Continental  ro- 
mances arc  numberless,  beginning  about  1250 
with  the  Alexander  story  and  going  on  with  the 
talc  of  Troy  and  stories  of  King  Arthur,  the 
Round  Table  and  the  Holy  Grail,  where  the 
material  is  partly  Celtic,  giving  even  some  of 
the  legends  of  Charlemagne,  and  many  minor 
stories,  as  'Floris  and  Blancheflor,'  "Amis  and 
Amilon,'  'Sir  Tristram.'  Somewhat  later 
(1300),  and  less  fully,  come  versions  of  the 
fabliaux,  'Dame  Siriz,'  'Reynard  the  Fox,'  the 
'Land  of  Cokaync,'  the  'Lay  of  the  Ash.' 
About  this  time  appear  the  great  mediaeval  col- 
lections of  stories,  the  'Seven  Sages'  and  the 
'Gesta  Romanorum,'  which  latter,  though  in 
Latin,  was  collected  in  England.  Beside  all 
this  epic  and  narrative  material  there  is  a 
smaller  lyric  clement;  oftcnest  anonymous,  like 
'Sumer  is  ycumen  in'  (c.  1250),  'Winter 
wakeneth  all  my  care,'  and  oOicr  love  songs, 
as  well  as  many  political  songs,  among  which 
arc  the  patriotic  poems  of  Lawrence  Minot  (c. 
1325).  But  generally  where  it  is  not  narrative, 
the  Middle  English  poetry  is  didactic:  the  so- 
called  Proverbs  of  Alfred,  dating  from  the 
12th  century  and  preserved  in  several  versions, 
may  have  old  material  and  certainly  keep  some- 
thing of  the  old  alliterative  form,  though  there 
is  also  the  Norman  element  of  verse.  And  as 
the  Anglo-Saxon  priestly  writers  used  allitera- 
tion in  their  didactic  prose,  so  now  much  of  the 
religious  literature  is  put  into  rhyme,  a  fashion 
of  the  Norman.  The  'Poema  Morale'  (1200) 
is  a  sermon  in  verse,  though  now  and  then  with 
a  personal  clement  and  there  arc  many  other 
shorter  homilies.  A  common  form  is  the  dia- 
logue; the  'Debate  of  the  Body  and  the  Soul' 
is  known  in  various  forms  (1200  and  after),  the 
dialogue  between  'Mary  and  the  Cross.'  and 
others  including,  in  lighter  mood  from  a  French 
source,  the  'Owl  and  the  Nightingale'  (1220), 
a  poem  full  of  popular  wisdom  in  which  the 
gay  and  the  gloomy  views  of  life  arc  cham- 
pioned respectively  by  the  two  birds  who  refer 
the  dispute  to  Master  Nicholas  of  Guilford,  gen- 
erally taken  as  the  author.  Less  original  in 
substance  are  the  versions  of  Scripture  of  which 
the  'Ormulum,'  a  metrical  paraphrase  of  the 
Gospels  by  Orm  of  Lincolnshire  (1220)  is  most 
important  for  linguistic  reasons,  preserved  in 
an  autograph  copy  (probably)  with  an  indi- 
vidual system  of  phonetic  spelling.  Versions  of 
Genesis  and  Exodus  (c.  1225)  arc  also  to  be 
mentioned,  while  much  later  in  the  north  (1320) 
'Cursor  Mundi'  reviews  the  whole  extent  of 
history  from  the  creation  to  the  day  of  judg- 
ment. Lives  of  the  saints  there  were  also, 
especially  of  Saints  Katherinc,  Margaret  and 
Juliana,  and  much  devotional  poetry,  some  lyric, 
like  the  'Wohung  of  ourc  Lovcrde'  (c.  1225), 
and  others,  some  didactic,  like  'Hali  Meiden- 
hcid'  (c.  1250).   There  are  also  certain  larger 


religious  treatises:  the  'Ancren  Riwle*  (1225), 
a  prose  work  of  considerable  merit,  giving  the 
conditions  of  convent  rule,  and  in  the  early  part 
of  the  14th  century,  three  books  on  holy  living, 
the  'Prick  of  Conscience,'  by  Richard  Rolle  of 
Hampole;  the  'Ayenbite  of  Inwit,'  by  Dan 
Michael  of  Northgate  and  'Handlyng  Synnc,' 
by  Robert  of  Brunnc,  the  two  latter  from  the 
French.  Also  to  be  noted  is  the  very  character- 
istic 'Bestiary'  (1225),  a  compilation  of  the 
mediaeval  speculation  on  natural  history.  Such 
are  the  main  elements  of  Middle  English  litera- 
ture before  1350,  although  the  number  of  partic- 
ular works  is  far  greater.  As  is  common  in 
mediaeval  literature  the  language  is  dialectic :  no 
one  dialect  gains  entire  primacy  till  much  later, 
although  by  this  time  the  East  Midland  has  be- 
come the  most  important.  The  second  half  of 
the  14th  century  was  a  period  of  great  literary 
activity.  England  had  been  long  separate  from 
Normandy,  and  the  English  language,  like  the 
English  people,  had  digested  its  different  ele- 
ments into  an  organic  combination.  Literature 
now  becomes  more  literary.  The  old  forms 
were  now  only  to  some  degree  preserved  :  Tre- 
visa  translated  the  'Polychronicon'  of  Higden 
(c.  1387)  ;  Barbour  in  the  north  wrote  a  rhymed 
chronicle  of  Bruce  (c.  1375).  There  arc  num- 
bers of  romances  from  the  French.  But  didac- 
tic or  allegoric  poetry  appears  in  forms  which 
though  not  new  have  yet  a  certain  original 
character.  There  are  two  great  poets :  one  of 
name  unknown,  the  author  of  the  'Pearl,' 
'Gawain  and  the  Green  Knight,'  'Cleanness,' 
and  'Patience,'  the  other  William  Langland  (as 
is  most  commonly  thought),  the  author  of  the 
'Vision  Concerning  Piers  the  Ploughman.' 
Fine  as  is  their  work,  it  is  outshone  by  the 
genius  of  Chaucer,  who  gathered  up  and  sum- 
marized the  spirit  of  the  century  and  whose  in- 
fluence was  carried  through  the  century  fol- 
lowing by  companions  or  followers  of  whom 
the  most  noteworthy  were  Gowcr,  Hoccleve  and 
Lydgate.  The  epoch  was  also  illuminated  by 
Wiclif's  great  translation  of  the  Bible  (c.  1382). 
Two  more  popular  forms  of  literature  must  be 
mentioned,  as  beginning  lines  of  literary  de- 
velopment still  important  The  ballads  of  Robin 
Hood  probably  go  back  to  this  period,  while 
many  of  the  Scotch  ballads  are  older.  The 
four  cycles  of  mystery  plays,  those  of  Coventry, 
Chester,  Wakefield  (Townelcy  plays)  and  York, 
belong  to  the  earlier  part  of  the  century.  One 
remarkable  book  comes  in  no  category,  the 
'Voiage  and  Travaile  of  Sir  John  Mandeville,' 
widely  spread  in  England,  and,  though  a  trans- 
lation, a  monument  of  noteworthy  prose.  The 
15th  century  was  a  period  of  bloody  civil  strife, 
and  in  literature  a  period  of  great  dearth.  Lit- 
tle can  be  mentioned  in  a  summary.  Sir  Thomas 
Malory  closed  the  period  of  the  romances  of 
chivalry  by  the  'Mortc  d'Arthur'  (c.  1475),  a 
collection  to  which  he  gave  organic  form  and 
unity.  The  book  was  first  printed  (1585)  at  the 
press  of  Caxton,  himself  a  writer  and  compiler. 
Some  prose  treatises  arc  noteworthy,  in  reli- 
gion Pecock's  'Repressor  of  Over-much  Blam- 
ing of  the  Clergy'  (c.  1450)  ;  in  politics, 
Fortcscuc's  'Monarchy'  (c.  1425),  while  of 
lighter  interest  is  the  treatise  on  'Hawking'  by 
Dame  Juliana  Berners  (c.  1425),  and  the  every- 
day 'Paston  Letters'  which  belong  to  literature 
because  they  arc  so  interesting. 

With  the  16th  century  new  influences  become 
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powerful.  The  revival  of  classic  learning  stim- 
ulated English  scholars  under  the  leadership  of 
Grocyn.  Linacre,  Colet,  Chcke.  The  ideas  of 
the  Reformation  stirred  up  clouds  of  contro- 
versy in  which  appear  the  great  figures  of  Tyn- 
dalc,  Latimer,  Coverdale.  The  spirit  of  fierce 
and  gloomy  satire  which  infected  the  whole 
world  is  seen  in  Skelton  and  Barclay,  the 
former  in  a  number  of  pieces,  the  latter  in  a 
translation  of  Brant's  'Ship  of  Fools'  (1508). 
The  spirit  of  nationality  was  aroused  and  More 
♦Utopia'  (1515)  and  Elyot  'Governour,' 
(1531)  thought  deeply  on  questions  of  politics. 
These  men  wrote  not  so  much  for  literary 
reasons  as  for  some  particular  purpose;  later 
came  the  impulse  of  the  Renaissance  which 
brought  forth  in  England  a  wonderful  burst 
of  literature,  generally  included  in  the  age  of 
Elizabeth.  Most  important  was  its  manifesta- 
tion in  the  drama.  To  the  mystery  plays  had 
succeeded  miracle  plays,  and  then  moral  inter- 
ludes and  imitations  and  translations  from 
Seneca  and  Terence.  By  the  latter  half  of 
the  century  appeared  the  first  specimens  of 
modern  drama,  'Ralph  Roister  Doister,'  by 
Nicholas  Udall  (1550)  and  'Gorbuduc,'  later 
called  'Ferrcx  and  Porrex,'  by  Sackville  and 
Norton  (1569).  The  theatre  was  built  in  1579, 
the  Curtain  not  long  afterward,  and  in  the  last 
decade  of  the  century  the  Rose,  the  Globe,  the 
Fortune  and  others.  The  theatre  of  the  day  de- 
manded a  drama  rich  in  poetry,  rhetoric,  decla- 
mation and  action.  The  first  group  of  dram- 
atists, Lyly,  Pcclc,  Kyd,  Greene  and  greatest  of 
them,  Marlowe,  were  all  of  necessity  experi- 
mentalists. They  created  the  romantic  drama, 
with  tragedy,  comedy,  history,  into  which 
Shakespeare  poured  his  inexhaustible  stores  of 
imagination,  observation  and  wisdom.  His 
plays  are  typical  of  the  Elizabethan  drama ; 
there  is  little  in  the  other  dramatists  that  you 
cannot  find  in  him.  Yet  there  were  others  of 
great  power.  Ben  Jonson  is  usually  accorded 
second  place  and  Beaumont  and  Fletcher,  Mars- 
ton,  Middleton,  Heywood,  Chapman,  Massingei, 
Ford  and  Shirley,  besides  others,  had  each  spe- 
cial powers.  In  time  a  decline  occurred  and  in 
1642  the  theatres  were  closed  by  order  of  Par- 
liament and  a  great  dramatic  tradition  came  to 
an  end.  One  later  form  deserves  special  men- 
tion :  the  masque  was  originally  a  form  of  pri- 
vate theatrical  and  always  remained  distinct 
from  the  plays  presented  at  the  public  theatres. 
It  was  produced  for  some  special  great  occa- 
sion and  employed  all  the  possibilities  of  the 
day  in  scenery  and  costume,  music  and  dancing. 
The  words  were  often  written  by  dramatists  of 
great  ability,  notabb/  by  Ben  Jonson.  The  most 
famous  and  beautiful  masque  was  written  at 
the  end  of  the  period,  the  'Comus'  of  John 
Milton.  In  lyric  poetry  as  well  as  in  dramatic 
was  the  age  pre-eminent.  In  the  reign  of  Henry 
VIII,  Wyatt  and  Surrey  had  led  the  way, 
though  under  the  influence  of  Italy,  and  in  1557 
appeared  Tottel's  'Miscellany,'  an  anthology 
which  gathered  up  the  verse  of  preceding  years, 
while  some  years  afterward  came  another,  the 
'Paradise  of  Dainty  Delights.'  Later  collec- 
tions are  the  'Bower  of  Delights'  (1591); 
'The  Phoenix'  Nest'  (1593);  'The  Passionate 
Pilgrim,'  (1599);  'England's  Helicon,'  (1600). 
Another  characteristic  production  was  the 
sonnet-sequence,  of  whirh  Sidney's  'Astrophcl 
and  Stella'  (1591,  but  written  before),  is  one  of 


the  best  and  earliest  examples.  Here  belong  the 
famous  sonnets  of  Shakespeare,   as  well  as 
Daniel's    'Delia'    (1592),    Drry  ton's  'Idea' 
(1593).  Spenser's  'Amorctti'  (1595),  among  a 
host  of  others.    One  great  lyric  poet  is  pre- 
eminent, John  Donne,  whose  poems,  written  in 
his  earlier  years,  had  immense  influence.  This 
form  of  the  lyric  is  in  the  imitations  fanciful 
and  finespun,  but  in  Donne  himself  it  is  alive 
and  wonderful.    Last  among  the  lyrics  and 
as  important  an  anything  else  arc  the  songs. 
Music  had   an   important   place   in  English 
life,  and  where  there  was  so  much  singing, 
there  had  to  be  good  songs.    There  appeared 
great  numbers,  some  in  the  plays  and  others 
in   song- books,   of   which   many   still  exist. 
A  good  many  are  translations  and  more  are 
very  slight,   but  Shakespeare's  and  Jonson's 
among  the  dramatists,  and  Campion's  among 
the  song-writers  arc  worthy  a  high  place  in  any 
anthology.     In   the   17th  century,   while  the 
drama  lost  power,  the"  lyric  sustained  itself  re- 
.  markably,  though  in  the  hands  of  fewer  artists. 
They  are  generally  followers  along  well-known 
lines   in   the   paths   of   Spenser,  of  Jonson, 
of  Donne,  but  they  often  produced  work  quite 
caual  to  their  masters.    The  early  poems  of 
Milton   the  exquisite  'Hesperidcs'   (1647)  of 
Herrick,  the  courtly  and  amatory  poetry  of 
Carew,  Suckling,  Lovelace,  the  religious  poetry, 
passionate  and  almost  sensuous  in  Crashaw, 
earnest  and  devoted  in  Herbert,  these  show  no 
failure  in  power  or  in  genius.   One  great  name 
in  Elizabethan  poetry  is  still  to  be  mentioned, 
that  of  Spenser.    The  'Amorctti'  is  as  beauti- 
ful as  any  of  the  sonnet  cycles,  the  'Shepherd's 
Calendar'  (1579)  was  an  immense  influence  for 
a  long  time,  but  his  great  title  to  fame  is  the 
'Faerie  Quccnc'  (1590-%),  a  work  which  in 
literary  form  stands  a  little  apart  from  its  time. 
It  is  a  romantic  epic,  akin  to  the  Italian  poetry 
of  the  preceding  century,  but  Spenser's  own, 
in  its  high  idealism,  its  pictorial  quality  and  its 
mastery  of  poetic  expression.   It  had  imitations 
and  followers,  but  none  of  great  merit.    It  is 
well-nigh  impossible  to  bring  the  prose  of  this 
period  under  any  series  of  heads.  Poetry  always 
comes  first  in  literary  development :  in  the  16th 
century  prose  was  commonly  written  for  some 
practical  purpose.    It  is  true  there  was  some 
growth  of  style;  many  men  labored  at  improv- 
ing the  vocabulary  and  elaborating  the  sen- 
tence-structure and  the  resources  in  figure  and 
ornament.    Yet  there  were  hardly  any  well- 
established  prose-forms,  although  the  'Arcadia* 
(1580-90)  of  Sidney,  the  "Ecclesiastical  Polity' 
(1592-97)  of  Hooker,  the  'Essays'  (1597)  of 
Bacon,  were  each  of  some  influence,  especially 
the  last  named.   Even  Lyly's  'Euphues'  (1578- 
.79),  which  was  extensively  imitated  for  a  dec- 
ade,   produced    no    permanent    form.  The 
pamphlet  or  the  tract  is  the  one  characteristic 
Elizabethan  production  in  prose ;  its  master  was 
Tom  Nash,  who  poured  forth  numbers  of  these 
ephemeral  pieces,  of  wonderful  vigor  and  spirit. 
Of  the  same  sort  of  prose  the  succeeding  cen- 
tury showed  much.   The  reign  of  Elizabeth  had 
been  a  time  for  Englishmen  to  get  together  and 
establish  their  position  against  the  world.  Hav- 
ing made  themselves  a  place,  they  turned  to  put 
in  order  their  own  house;  the  17th  century  is  a 
period  of  civil  strife  and  contention.  Liter- 
ature could  not  avoid  the  effect  of  politics;  the 
disturbance  of  opinion  dragged  with  it  into 
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pol'tical  or  religious  controversy  many  who 
might  otherwise  have  found  expression  in  liter- 
ature. Even  Milton  for  a  dozen  years  wrote 
chiefly  prose.  We  cannot,  therefore,  look  for 
a  varied  and  definite  literary  development.  The 
great  work  of  the  century  was  in  prose  and 
the  greatest  and  most  influential  single  monu- 
ment was  the  King  James  version  of  the  Bible 
(1611).  The  spirit  of  the  B.ble  is  everywhere 
to  be  felt  in  the  great  prose  of  the  time,  trans- 
muted into  varying  substance  in  the  eloquence 
of  Jeremy  Taylor  CHolv  Living.'  1650),  the 
quaint  richness  of  Fuller  ('The  Holy  State,' 
16*2),  the  stately  roll  of  S  r  Thomas  Browne 
('Rel:gio  Medici,*  1643),  the  powerful  vigor 
of  Milton's  prose  —  written  during  the  Civil 
War,  to  answer  in  his  own  way  the  call  of  the 
country — and  the  intimate  simplicity  of  Bun- 
yan.  A  few  oth"r  writers  have  little  tincture 
of  the  struggle  of  the  time.  Overbury's  'Char- 
acters' (1614),  Burton's  'Anatomv  of  Melan- 
choly' (1621),  Cowley's  'Essays'  (1656),  Wal- 
ton's 'Complcat  Angler'  (1653),  works  of  a 
widely  different  nature,  but  showing  the  quiet, 
contemplative  side  of  the  century  that  was  so 
d  straend  by  controversy.  The  Civil  War  oc- 
curred in  the  very  middle  of  the  century  and 
makes  a  definite  bar  at  least  in  the  poetry  of 
the  time.  Before  it  was  the  Elizabethan  age; 
alter  it  the  Restoration.  The  drama  and  the 
lyric  before  and  after  arc  different ;  even  the 
external  form  of  poetry  shows  a  marked 
change.  At  the  beginning  of  the  century  the 
verse  was  free  and  fluent;  at  the  end  it  had 
become  concise  and  brilliant.  To  the  blank 
verse  of  Shakespeare  succeeded  the  rhymed 
couplets  of  Dryden,  organic  power  giving  place 
to  elegant  skill.  In  point  of  time  belonging  to 
both,  John  Milton  in  reality  belongs  to  neither. 
More  fully  than  anybody  else  he  is  the  repre- 
sentative of  Puritanism  in  literature;  its  zealous 
rages,  its  fanaticisms,  its  blemishes,  its  love  of 
liberty  and  of  God  give  life  to  his  prose  tracts 
on  church  government,  on  divorce,  on  freedom 
of  speech,  on  the  acts  of  the  people:  its  higher 
dreams  and  ideals  and  aspirations,  its  unat- 
tained  possibilities  of  beauty  in  'Paradise  Lost' 
(1667)  and  his  later  poems. 

With  the  restoration  of  Charles  II  began  a 
new  period  of  literature,  often  called  the  classic, 
most  immediately  noticeable  in  the  drama.  The 
influence  of  France  in  the  direction  of  strictness 
of  classic  art  and  looseness  of  moral  life  was 
strong:  added  to  it  was  a  change  in  stage  condi- 
tions, which  allowed  the  development  of  scenic 
effect.  A  realistic,  if  not  spectacular,  char- 
acter, was  given  to  the  theatre  and  the  Eliza- 
bethan plays,  with  all  their  poetry,  fell  out  of 
fashion,  save  in  versions  of  the  day.  A  new  set 
of  dramatists  sprang  up  to  fulfil  the  conditions.' 
Dryden  was  a  leader,  equally  strong  in  tragedy 
and  comedy  and  what  he  called  the  heroic 
drama,  after  French  models.  Otway  had  the 
greatest  tragic  genius  ('Venice  Preserved,' 
1682),  but  could  not  so  well  adapt  himself  to 
the  taste  of  the  age.  Congrcve,  Wycherley,  Far- 
quhar  and  many  others  wrote  comedies  depic- 
ting a  brilliant  social  world,  but  of  such  gross 
immorality  that  Jeremy  Collier  launched  an  at- 
tack on  the  whole  theatre  (1698).  His  words 
had  some  effect  and  the  drama  became  more 
decent,  but  as  it  really  seems  to  have  been  quite 
representative  of  the  life  of  the  time  (not  arti- 


ficial as  Charles  Lamb  loved  to  think  of  it),  the 
succeeding  drama  lacked  vitality,  and  for  a  hun- 
dred years  hardly  a  play  was  written  wh'ch 
is  now  remembered.  Addison's  'Cato'  (1713) 
Rowc's  'Jane  Shore'  (1714),  Gay's  'Beggar's 
Opera'  (1728),  Johnson's  'Irene'  (1749), 
Home's  'Douglas'  (1756),  are  noteworthy  for 
various  reasons,  but  not  as  constituting  a  pow- 
erful drama.  It  was  in  other  directions  that 
the  18th  century  was  successful  and  most  im- 
mediately in  the  periodical  essay.  The  example 
of  Bacon  had  given  rise  to  the  essay  form ;  one 
particular  kind  called  the  "character"  was  espc- 
c'ally  cultivated.  The  character  was  like  the 
essay,  except  that  while  the  essay  was  usually 
cn  some  idea,  the  character  was  on  some  per- 
son or  kind  of  person.  There  was  a  great  num- 
ber of  character-books  in  the  17th  century, 
among  the  most  important  ones  being  those  of 
Overbury  and  Earle.  In  this  century  too  come 
the  earliest  newspapers.  These  were  generally 
little  more  than  letters  with  account  of  news 
usually  from  abroad.  The  earliest  is  the 
'Coranto'  of  1621  of  Nathaniel  Butters.  Be- 
sides Corantos  there  were  'Mercuries,'  'Posts,' 
'Gazettes.'  'Journals,'  'News.'  By  the  end  of 
the  century  the  newspaper  was  a  common  form. 
In  1709  Richard  Steele  published  a  small  paper 
every  other  day  which  he  called  the  Tat'tr. 
This  was  not  precisely  a  newspaper,  but  con- 
sisted of  a  scries  of  essays  on  all  sorts  of  sub- 
jects, sometimes  by  Steele,  sometimes  by  Addi- 
son, Swift,  or  a  number  of  others,  who  lent 
occasional  help  to  the  enterprise.  The  Tat W 
was  very  popular,  and  was  brought  to  a  close 
only  to  be  continued  in  the  Spectator,  in 
which  Addison  took  the  chief  part.  He  took 
up  the  idea  of  Steele  and  found  in  it  a  form  of 
expression  exactly  suited  to  his  especial  powers. 
His  essays  were  popular  in  the  best  sense ;  they 
were  read  with  delight  by  all  sorts  of  people, 
but  they  dealt  with  subjects  of  intelligent  inter- 
est. Addison  was  a  student  of  human  nature, 
an  observer  of  life  and  character,  a  genial 
philospher,  and  all  these  elements  of  his  nature 
were  exhibited  in  the  little  essays  which  he 
wrote  for  the  Spectator.  The  success  called 
forth  followers.  Addison  and  Steele  followed 
their  joint  productions  with  separate  publica- 
tions, which  were  sometimes  political  as  well 
as  literary.  Among  the  many  18th  century 
periodicals  should  be  mentioned  the  World 
(1752),  by  Lord  Chesterfield  and  others;  the 
Rambler  (1750)  and  the  Idler  (1758).  by 
Samuel  Johnson ;  the  Bee  (1758),  by  Gold- 
smith. The  influence  of  this  sort  of  literature 
abroad  was  also  very  great ;  it  continued  even 
to  the  beginning  of  the  19th  century,  when  a 
number  of  clever  young  men  of  New  York, 
Washington  Irving  among  them,  joined  in  the 
production  of  Salmagundi  (1807).  One  dis- 
tinguishing element  in  these  periodical  essays 
was  that  of  personal  character.  Some  imaginary 
person  was  the  means  by  which  they  were  put 
before  the  public.  The  Tatler  was  edited  by 
Isaac  Bickerstaff.  the-  Spectator  by  a  club  of 
the  Spectator  anel  others,  including  the  famous 
Sir  Roger  de  Coverley.  This  personal  element 
was  characteristic  of  the  century,  which  was 
extremely  sociable  and  very  much  interested  in 
human  nature.  This  interest  in  character  for 
itself  is  paralleled  by  an  interest  in  life  in  ac- 
tion observable  in  the  stories  of  Defoe.  Dcfoc 
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was  a  man  who  lived  by  his  pen  (one  of  the 
first  who  had  not  been  connected  with  the 
theatre  or  the  court),  whose  great  gift,  so  far 
as  l.terature  was  concerned,  was  his  power  of 
representing  life.  His  famous  'Robinson  Cru- 
soe' (1719)  attained  inordinate  popularity,  not 
only  for  its  adventurous  incident,  but  for  its 
power  of  realistic  story-telling.  A  little  more 
and  these  books  would  have  been  novels. 
Addison's  'Sir  Roger  dc  Coverley'  papers  are 
sketches  of  life  and  character  without  a  story. 
"Robinson  Crusoe'  and  the  many  other  stories 
of  Defoe  have  too  much  action,  without  "atten- 
tion to  life  and  character,  in  spite  of  their  real- 
ism. These  elements  were  combined  by  Rich- 
ardson and  Fielding:  'Pamela'  (1741),  'Clar- 
issa Harlowe'  (1748),  'Sir  Charles  Grandison' 
(1753),  by  the  former,  were  extensively  read 
and  influenced  all  Europe;  'Joseph  Andrews' 
(1742),  'Tom  Jones'  (1749),  'Amelia'  (1751), 
by  the  latter,  are  quite  as  excellent  and  some- 
what more  modern  in  form.  Smollett  followed 
w'th  'Roderick  Random'  (1748),  'Peregrine 
Pickle*  (1751).  and  some  others  which  arc 
a  slight  variation  upon  the  first  of  Field- 
ing's. Goldsmith's  'Vicar  of  Wakefield'  (1766) 
and  Miss  Burney's  'Evelina'  (1778)  give  us, 
the  one  the  life  of  the  country  and  the  other 
of  the  town,  and  we  have  the  English  novel 
of  domestic  life,  a  form  of  literature  which 
for  a  hundred  and  fifty  years  has  lost  and 
gained  but  little  in  essential  character.  The 
essay  and  the  novel  were  new ;  such  things 
had  been  in  England  before,  but  never  the 
definite  literary  understanding  necessary  to  con- 
stitute a  true  literary  form.  Meanwhile  the 
older  forms  of  literature  were  not  neglected. 
There  had  been  no  such  histories  in  England 
before  Clarendon's  'History  of  the  Great  Rc- 
bellion>  (1702)  and  Burnet's  'History  of  My 
Own  Times'  (edited  by  his  son,  1723).  These 
men  wrote  of  what  they  had  seen;  later  writers 
learned  to  take  a  larger  view  and  handle  larger 
material.  Robertson  ('Charles  V,'  1769), 
Hume  ('History  of  England,'  1754-61)  and 
Gibbon  ('Decline  and  Fall  of  the  Roman 
Empire,'  1776-88),  gave  example  of  the  com- 
bination of  scholarly  research  and  literary  skill. 
Oratory  also  flourished  in  the  exciting  Parlia- 
mentary struggles  which  now  took  the  place  of 
court  faction.  Chatham,  Burke,  Fox,  and  many 
others  created  a  standard  and  form  of  elo- 
quence, which  yet  serves  as  a  model  for  many 
speakers  and  a  foundation  for  more.  A  special 
form  of  oratory  becomes  important  in  litera- 
ture ;  sermons  were  widely  read.  Barrow.  South, 
Stillingfleet,  Tillotson,  published  their  dis- 
courses in  the  last  half  of  the  17th  century  and 
had  many  successors  in  the  first  half  of  the  18th. 
The  interest  in  religion  was  a  part  of  the  gen- 
eral intellectual  curiosity  of  the  century;  philos- 
ophy also  became  a  part  of  literature.  Locke's 
'Essay  on  the  Human  Understanding*  (1690) 
was  more  widelv  read  than  any  other  book  of 
such  a  kind.  Philosophy  was  discussed  by 
Christian  as  well  as  by  free-thinkers.  Berkeley 
was  the  former:  his  'Principles  of  Human 
Knowledge*  (1710)  has  been  of  importance 
in  the  development  of  metaphysical  ideas. 
Hume  was  the  latter,  so  much  of  a  skeptic 
that  his  'Essavs'  (1746)  incited  Kant,  in 
Germany,  to  that  profound  examination  of 
the  human  reason  that  has  been  the  founda- 
tion of  modern  philosophy.  The  18th  century 
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was  a  century  of  reason  and  of  prose.  Prose 
was  first  simple,  cither  graceful  as  in  Addi- 
son, nervous  in  Defoe  or  everything  in  turn 
in  the  wonderful  prose  of  Dean  Swift,  an 
unapproached  master  of  satire  as  particularly 
in  'Gulliver's  Travels'  (1726).  As  the  century 
continued,  style  became  more  elaborate,  of  great 
dignity  and  statelincss  at  its  highest  points 
(Gibbon  and  Burke)  and  even  for  ordinary 
purposes  admirably  effective  as  in  the  best  of 
Johnson.  The  time  was  intellectual  and  loved 
the  things  of  the  intellect ;  hence  its  poetry  was 
not  such  as  to  satisfy  the  more  emotional  periods 
that  came  after.  It  was  too  obviously  didactic 
or  satiric,  for  one  thing.  Dryden  was  the  first 
great  master  in  these  directions  with  the  'Hind 
and  the  Panther'  (1687),  and  the  'Rcligio 
Laid'  (1682).  In  Pope  the  classic  poetry  (as 
it  is  called)  came  to  perfection;  the  'Essay  on 
Criticism'  (1711),  and  the  'Essay  on  Man' 
(1732),  the  'Dunciad'  (1728)  and  the  'Rape  of 
the  Lock'  (1712),  have  never  been  equaled  in 
English  for  their  telling  brilliancy.  The  fol- 
lowers of  Pope  caught  something  of  his  manner, 
but  produced  nothing  great,  save  Goldsmith, 
who  infused  a  charm  into  this  as  into  every 
other  kind  of  literature.  Dr.  Johnson  wrote 
two  strong  poems,  but  his  chief  power  lay  else- 
where. The  minor  exemplars  of  the  character- 
istic 18th  century  poetry  are  of  far  less  value. 
Addison  as  a  poet,  Garth,  Prior  in  'Solomon' 
(1718),  Young,  the  author  of  'Night  Thoughts' 
(1742),  Blair  in  'The  Grave'  (1743),  even 
Akenside,  the  author  of  'Pleasures  of  the  Imag- 
ination' (1744),  did  not  all  write  the  character- 
istic couplet,  but  they  are  all  of  the  classic  school 
and  all  wrote  that  intellectual  poetry  that 
now  seems  so  strangely  unpoetic.  In  lighter 
forms  of  verse  there  were  more  successful  prac- 
titioners, Prior  and  Gay  and  Swift,  but  in  di- 
dactic and  satiric  poetry,  save  in  the  work  of 
the  greatest,  the  18th  century  produced  nothing 
permanent  But  during  the  whole  classic  century 
there  had  existed,  in  its  time  had  been  growing, 
a  feeling  for  other  things  than  those  which  the 
reason  could  put  into  brilliant  and  elegant  form. 
It  found  expression  in  various  ways,  chiefly  in 
love  for  the  mediaeval  past,  before  the  classic 
conventions  had  been,  and  in  a  feeling  for  the 
present  wherever  those  conventions  did  not  ex- 
ist, namely,  in  nature  and  in  the  heart  of  man. 
The  first  feeling  came  to  expression  in  various 
ways,  often  imperfect,  as  when  Thomas  Whar- 
ton wrote  'Runic  Odes'  (1748),  when  Gray 
wrote  poems  inspired  by  the  Norse,  'The 
Fatal  Sisters,'  'The  Descent  of  Odin'  (1761), 
when  Sir  Horace  Walpole  imitated  Gothic 
architecture  in  his  house  at  Strawberry  Hill. 
In  1760  Macphcrson  published  what  purported 
to  be  translations  of  Ossian,  also  'Fingal' 
(1762);  'Temora'  (1763),  and  whether  they 
were  genuine  or  not,  the  fact  that  they  were  read 
shows  the  interest  that  was  felt  in  the  remote 
past.  In  1767  Chattcrton  found  that  he  could 
gain  a  public  for  his  poetry  by  pretending  that 
it  had  been  written  by  a  monk  of  the  15th  cen- 
tury. In  1765  Percy  published  the  'Reliques  of 
Ancient  Poetry,'  a  collection  of  old  ballads,  a 
kind  of  literature  full  of  the  spirit  of  the  past, 
and  absolutely  different  from  the  classic  poetry 
of  the  day.  There  had  been  plenty  of  ballads 
printed  before,  even  collections  of  old  ballads 
Ramsay's  'Tea-Table  Miscellany,'  'Evergreen' 
(1724)  ;  and  they  had  inspired  a  few,  but  now 
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they  became  an  immense  influence.  In  the 
other  direction,  love  of  nature  and  human  sym- 
pathy existed.  Thomson's  "Seasons'  (1726-30) 
shows  his  fresh  and  charming  view  of  nature, 
though  his  use  of  blank  verse  and  the  Spenser- 
ian stanza  was  more  in  keeping  with  earlier 
times.  Gray  produced  very  little  poetry,  but 
his  best,  the  famous  'Elegy*  (1751),  has  none  of 
the  brilliancy  and  intellectuality  which  marked 
the  century,  and  it  is  noteworthy  that  in  stanza 
15,  where  he  originally  wrote  the  classic  names 
of  Cato,  Tully,  Ca:sar,  he  afterward  put  the 
national  names  of  Hampden,  Milton,  Cromwell. 
Burns  was  too  much  of  a  man  to  be  bound  or 
curbed  by  fashions,  unless  more  congenial  than 
those  of  the  18th  century.'  He  took  inspiration 
from  the  ballads  and  songs  of  his  own  country 
and  produced  poetry  which  touched  the  heart 
at  once.  Cowper,  though  by  no  means  like 
him,  nor  apparently  of  the  character  of  a 
reformer  at  all,  wrote  with  a  sincere  direct- 
ness that  seems  like  that  of  an  earlier  or  a  later 
time.  The  turn  of  the  century  shows  the 
characteristic  works  of  the  Romantic  move- 
ment: 'Tintern  Abbey'  (1798)  and  'Michael' 
(1800),  hy  Wordsworth,  may  represent  the 
poetry  inspired  by  love  of  nature  and  sympathy 
with  man.  Coleridge's  'Rime  of  the  Ancient 
Mariner'  (1798),  and  Scott's  'Lav  of  the  Last 
Minstrel'  (1805,  preceded  by  'Minstrelsy  of 
the  Scottish  Border'  1802)  stand  for  the  de- 
light in  ballads  and  medievalism.  With  these 
fine  poems  and  others  only  less  fine,  it  is  plain 
that  a  new  form  of  art  had  appeared  qu  tc  dif- 
ferent from  the  classic  conventions  of  the  18th 
century.  The  first  great  excitement  of  romance 
was  for  strange  adventure  and  the  glowing  life 
of  the  Middle  Ages.  Wordsworth  was  for  the 
time  unread,  while  the  poetry  of  Scott  delighted 
all.  Scott,  however,  was  eclipsed  in  the  popu- 
lar mind  by  Byron,  who  really  was  personally 
the  very  thing  that  Scott  and  the  public  ad- 
mired. They  longed  to  hear  of  men  of  lofty 
spirit  and  recklessness  and  devotion.  Byron 
was  such  a  man;  in  'Childe  Harold'  (1812)  he 
took  England  out  of  itself.  In  the  'Giaour,' 
'Bride  of  Abydos,'  'Corsair.'  'Lara,'  'Para- 
sina'  (1813-45),  he  presented  figures  full  of  the 
romantic  spirit.  As  the  century  continued,  how- 
ever, that  spirit  expressed  itself  in  all  sorts  of 
different  ways.  Wordsworth  presents  the  com- 
mon delight  in  nature;  Shelley,  noble  ideas  for 
the  regeneration  of  mankind ;  Keats,  the  power 
of  beauty.  Succeeding  poets  go  in  much  the 
same  directions.  Tennyson  is  the  most  rep- 
resentative poet  of  the  century  in  presenting 
to  us  in  forms  of  great  poetic  beauty  all  the 
phases  of  the  thought  of  the  time,  religious, 
scientific,  patriotic,  literary.  Browning  gives 
us  a  vigorous  optimistic  conception  of  life  and 
work,  presented  in  a  wonderful  scries  of  dra- 
matic figures.  Morris,  Rossctti,  Swinburne 
(sometimes  called  Prc-Raphaclitcs)  may  be  said 
to  follow  Keats  in  their  love  of  beauty,  which 
they  seek  not  only  in  medi.tvalism,  but  through- 
out all  history  sacred  and  profane. '  Matthew 
Arnold's  poetry  has  classic  qualities  of  stvlc  and 
great  elegiac  charm  of  thought,  but  he  rightly 
saw  that  his  true  field  lay  elsewhere.  By  the 
last  decade  of  the  19th  century,  however,  the 
great  poets  of  the  Victorian  age  were  dead  or 
silent  and  it  had  for  some  time  been  felt  that 
they  had  left  no  successors.  At  about  this  time 
there  was  a  strong  feeling  for  realism  in  poetry 


as  in  other  forms  of  literature,  and  by  choice  of 
realistic  themes  and  his  realistic  manner  W.  H. 
Henley  became  noteworthy.  Very  different 
was  W.  B.  Yeats  who  expressed  the  craving 
for  some  world  quite  different  from  current 
realism.  Expressing  both  of  these  common 
feelings  the  poetry  of  Kipling  ('Ballads'  and 
'Barrack-room  Ballads')  met  with  immediate 
welcome.  It  was  evidently  realistic,  but  it  was 
also  clearly  romantic.  These  two  lines  of  poetic 
interest  and  feeling  may  be  seen  respectively  in 
John  Davidson  and  Stephen  Phillips,  and  arc 
represented  at  the  beginning  of  the  20th  century 
by  John  Maseficld  and  Alfred  Noycs.  The  end 
of  the  19th  century  had  many  minor  poets,  but 
Francis  Thompson  by  virtue  of  'The  Hound 
of  Heaven,'  will  probably  have  a  higher  posi- 
tion in  the  mind  of  posterity.  He  had  much  of 
the  17th  century  in  his  makeup  and  much  of 
the  intense  imagination  that  is  generally  felt 
to  be  the  most  poetical  possession  of  the  poet. 
In  the  earlier  years  of  the  20th  century  there 
was  a  great  increase  of  poetic  feeling  which 
gradually  took  more  or  less  definite  form  in 
the  works  of  many  writers,  so  that  by  the  2d 
decade  of  the  century  the  *ncw  poetry*  was 
a  common  phrase.  Besides  Maseficld  and 
Noycs  (who  was  hardly  in  sympathy  with  the 
rest)  the  chief  names  that  have  come  to  general 
knowledge  are  those  of  Rupert  Brooke  (d. 
1915) ;  James  Elroy  Flecker  (d.  1915)  ;  James 
Walter  Dclamarc,  William  Davics,  Lascellcs 
Abercrombic,  James  Stephens  and  D.  H.  Law- 
rence. The  drama  has  been  weak  for  the  whole 
century,  although  all  the  greater  poets  essayed 
the  form.  Only  Browning  and  Tennyson  had 
even  temporary  success  on  the  stage,  while  the 
works  of  the  professional  play-writers  have 
without  exception  failed  of  a  place  in  literature. 
By  1890  a  new  spirit  became  active.  The 
comedies  of  Oscar  Wilde  made  a  great  im- 
pression on  the  popular  mind,  by  their  brilliant 
dialogue,  but  the  work  of  Arthur  Pinero  and 
Henry  Arthur  Jones  was  more  representative  of 
the  moment  in  that  their  effort  was  usually  to 
deal  with  the  idea  of  modern  social  life.  The 
leading  spirit  in  the  movement,  however,  was 
George  Bernard  Shaw,  who  though  he  began  to 
write  plays  before  1890  and  had  some  successes 
as  early  as  1895,  did  not  seriously  impress 
people  till  the  beginning  of  the  20th  century. 
When,  however,  he  did  begin  to  gain  considera- 
tion he  attracted  public  attention  by  his  plays 
which  always  presented  not  merely  interesting 
or  amusing  dramatic  situations,  but  some  dis- 
cussion of  general  social  ideas.  Other  dram- 
atists of  importance  have  beeen  James  M.  Barrie 
and  Grenville  Barker,  as  well  as  the  novelists 
Bennett  and  Galsworthy.  By  1800  the  novel 
had  become  a  definite  form  of  literature.  In 
the  early  years  of  the  century  Miss  Austen, 
Miss  Edgeworth,  Miss  Ferrier  produced  pic- 
tures of  life  in  England,  Ireland  and  Scotland, 
respectively,  the  first  of  surpassing  excellence. 
A  great  change  was  effected  by  Scott  in  the 
Waverley  novels  (1814-31).  It  has  been  pointed 
out  that  the  lasting  power  of  these  novels  de- 
pends on  their  full  and  vital  knowledge  of 
Scottish  life  and  character.  Scott,  at  the  be- 
ginning, had  some  idea  of  doing  for  Scottish 
life  what  Miss  Austen  had  done  for  English. 
But  the  real  immediate  effect  of  the  Waverley 
novels  was  to  give  an  enormous  impulse  to 
the  romance  of  adventure  and  scenery  and  cos- 
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tume,  a  romance  which  found  its  best  ex- 
pression in  the  historical  novel.   The  Waverley 
novels  are  great  historical  novels,  though,  of 
course,  some  have  little  history  in  them,  and 
they  gave  a  conception  and  an  inspiration  which 
was  not  wasted.    In  1825  appeared  the  first 
works  of  importance  of  G.  P.  R  James  and  of 
Harrison  Ainsworth,  who  for  a  quarter  of  a 
century  achieved  a  very  considerable  popularity 
though  they  added  but  little  to  the  possibilities 
of  historical  fiction.   More  powerful  than  either 
was  Bulwer,  whose  first  work  appeared  in  1827, 
and  who  for  40  years  produced  not  only  his- 
torical novels,  but  novels  of  every  land,  works 
of  great  talent,  though  the  judgment  of  time 
refuses  them  genius.   At  much  the  same  time 
two  other  writers  somewhat  extended  the  field 
cf  the  novel:    Marryat,  by  sea-stories,  which 
remind  one  of  Smollett;  Charles  Lever,  by 
stories  of  the  army  as  well  as  of  Irish  life. 
Brilliant  historical  novels  have  appeared  through 
the   century :    Thackeray's  '  Henry  Esmond* 
(1852).  and  'The  Virginians'  (1857);  Kings- 
ley's  'Westward  Ho'  (1855),  Dickens'  <A  Tale 
of  Two  Cities'  (1859),  Charles  Reade's  'The 
Cloister  and  the  Hearth'  (1861).  George  Eliot's 
'Romola'  (1862),  Blackmore's  'Loma  Doone' 
(1869),  Shorthouse's  <John  Inglesant'  (1880), 
Pater's  'Marius  the  Epicurean'  (1885),  Maurice 
Hewlett's  'Richard  Yea  and  Nay'  (1900),  con- 
stitute a  scries  of  remarkable  value    But  the 
great  successes  of  fiction  in  the  middle  of  the 
century  were  made  in  the  long-familiar  forms. 
Charles  Dickens  had  many  minor  character- 
istics, and  so  had  Thackcrav,  bui  their  novels, 
as  well  as  those  of  George  Eliot,  are  novels  of 
every-day  life.    In  the  main  these  three  are 
realists,  striving  chiefly  to  depict  the  life  that 
they  knew  and  saw  about  them.  So  chiefly  were 
those  who   came  after  thcml  The  Brontes, 
George    Meredith,    Charles    Reade,  Anthony 
Trollope,    William    Black,    Thomas  Hardy, 
George  Gissing,  these  are  realists  also,  though 
in  only  the  last  two  cases  of  the  consistent  type 
developed  by  their  contemporaries  in  France. 
Some  of  them  sought  in  every-day  surround- 
ings the  romance  of  character,  like  the  Brontes; 
some  could  perceive  the  rich  spirit  of  comedy, 
like  Meredith.    But  none  felt  the  need  more 
than  once  or  twice  of  straying  from  the  familiar 
life  of  England.   Toward  the  end  of  the  cen- 
tury the  craving  for  romance  began  again :  it 
had  never  been  entirely  quieted,  but  it  did  not 
come  to   full  expression  till   Stevenson  and 
Kipling.    Both  sought  the  romance  of  life  and 
character  and  of  the  soul,  but  both  were  masters 
also  of  adventure  and  incident  and  striking  cir- 
cumstance and  interesting  background.  Anthony 
Hope,  Stanley  Wcyman,  Conan  Doyle,  Maurice 
Hewlett,  have  in  general  followed,  and  in  some 
cases  surpassed  them.   In  the  last  decade  of  the 
century  appeared  several  novelists  who  have 
since  come  to  be  the  leading  figures  of  current 
fiction.    Arnold  Bennett  and  H.  G.  Wells  both 
began  with  work  of  an  imaginative  and  even 
fantastic    character,    but    in    different  wavs 
turned  to  something  more  realistic.  Arnold 
Bennett's  'The  Old  Wives'  Talc'  and  the  books 
conceived    and    linked    as    a    scries,  'Clay- 
hanger,'  'Hilda  Lcsswavs'  and  'These  Twain,' 
are  careful  and  thorough  presentations  of  char- 
acter and  manners,  differing  chiefly  from  the 
older  conceptions  of  the  novel  in  their  recogni- 
tion of  the    ideas   dominating   modern  life. 


Wells  about  1906  began  a  series  of  studies  of 
life  of  which  'The  New  Machiavelli'  and  'Mr. 
Britling  Sees  it  Through'  have  been  the  most 
widely  read,  in  which  the  ideas  of  the  present 
are  embodied  in  the  career  of  the  individual. 
Besides  these  are  Joseph  Conrad,  who  gives  a 
strong  realistic  turn  to  his  stories  of  the  sea  and 
of  exotic  romance,  and  John  Galsworthy,  whose 
chief  novels  are  ironic  presentations  of  the 
conservative  character  of  life  in  England. 
There  are  also  many  others  who  follow  not  dis- 
similar courses,  of  whom  the  best  known  are 
Hugh  Walpole,  Compton  Mackenzie,  Ethel 
Sidgwick,  J.  D.  Beresford,  Gilbert  Cannan, 
May  Sinclair  and  Oliver  Onions.  A  third  de- 
velopment of  the  century  has  been  in  the  path 
of  criticism,  which  at  first  found  expression 
chiefly  in  the  periodical.  The  magazine  has 
been  one  of  the  most  characteristic  elements  of 
19th  century  literature.  There  were  magazines 
in  the  18th  century  —  the  Monthly  Review,  the 
Critical  Review,  the  Gentleman's  Magazine — 
but  the  chief  periodical  was  the  Addisonian  es- 
say. The  Edinburgh  Review  (1802)  and  the 
Quarterly  Review  (1809)  were  the  beginning  of 
a  new  movement.  Blackwood's  Magazine 
(1817)  the  London  Magazine  (1820)  and 
Frasers  Magazine  (1830),  together  with  many 
weeklies  and  dailies,  were  the  beginning  of  a 
flood  of  literature  that  is  now  the  form  most 
familiar  to  us.  The  influence  was  at  first  chiefly 
critical.  Jeffrey,  the  first  editor  of  the  Edin- 
burgh, with  Gifford  of  the  Quarterly,  set  the 
style  of  a  criticism,  which  though  often  unfairly  • 
slashing  and  ridiculously  high  and  mighty  in 
tone,  had  merit  often  in  expressing  sincere  and 
definite  opinions  in  literature  and  politics.  A 
sort  of  gaiety  and  even  charm  was  given  by 
Wilson,  who  wrote  under  the  name  of  Chris- 
topher North,  by  Sidney  Smith  and  Lockhart. 
But  the  most  important  development  came  in 
the  field  of  the  personal  essay.  The  'Essays  of 
Elia>  (1820)  by  Charles  Lamb,  go  beyond  the 
Addisonian  essay  in  their  unfettered  expres- 
sion of  a  charming  personality.  'The  English 
Opium  Eater'  (1821),  of  Thomas  Dc  Quincey, 
is  still  farther  away  from  the  18th  century  in 
form  and  spirit,  and  so  is  the  'Table  Talk' 
(1824)  of  Hazlitt.  All  these  are  sincere  per- 
sonal utterance,  and  in  their  sincerity  and  per- 
sonality lies  their  strength.  In  the  main  we 
may  call  the  work  of  these  men  critical,  for 
they  were  all  absorbed  in  letters,  and  their  view 
of  life  was  essentially  a  criticism  of  literature. 
Something  more  in  the  way  of  established  form 
were  the  famous  'Essays'  (beginning  1825)  of 
Macaulay,  the  most  remarkable  works  of 
their  time  in  the  power  of  focusing  wide  read- 
ing and  immense  Knowledge  into  forms  of  ex- 
treme brilliancy.  A  striking  contrast  is  offered 
by  Carlyle,  who  began  by  essays  of  the  accus- 
tomed character,  though  not  ordinary  in  style, 
but  after  some  years  produced  'Sartor  Rcsartus' 
(1833),  expressive  or  his  own  vigorous  person- 
ality and  thinking,  more  extraordinary  in  form 
than  any  of  his  later  work,  but  not  original 
or  powerful.  Carlyle  had  by  no  means  the  im- 
mediate fame  of  Macaulay,  but  his  influence  on 
the  thought  of  his  time  has  been  vastly  greater. 
Both  were  historians  as  well  as  critics,  and  by 
their  interest  in  life  and  sympathy  with  man 
they  brought  in  a  new  and  fascinatingly  inter- 
esting kind  of  historical  writing,  which  the  later 
influence  of  Darwinism  and  of  science  in  gen- 
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eral,  has  done  much  to  deaden.  Hallam  before 
them  should  also  be  mentioned  and  Green  after 
them.  John  Ruskin  began  his  career  as  critic 
with  what  seemed  the  impossible  task  of  de- 
throning false  masters  of  painting,  and  estab- 
lishing an  ethical  foundation  for  art.  About 
1850,  having  succeeded  in  his  earlier  task,  he  be- 
gan a  struggle  against  a  much  wider  range  of 
evil,  which  was  not  so  fortunate.  Matthew 
Arnold  also  understood  the  range  of  the  critic 
as  extending  beyond  the  field  of  art :  his  views 
on  politics  and  religion  were  an  influence  in  the 
history  of  thought,  but  naturally  will  not  last  as 
long  as  his  conceptions  on  literature.  Walter 
Pater  took  even  a  wider  view  of  art,  being  at 
home  with  painting,  architecture,  sculpture,  as 
well  as  with  literature.  He  represents  the  so- 
called  "aesthetic*  position  which  developed  from 
Preraphaclitism.  The  most  noteworthy  essayist 
of  the  opening  century  is  Gilbert  K.  Chesterton, 
whose  ready  paradoxes  cover  much  sound 
thought  In  philosophy  and  science  the 
century  has  been  pre-eminent,  and  many  great 
books  have  been  produced.  The  last  field  hardly 
belongs  to  literature,  although  Darwin,  Huxley 
and  Tyndall  were  masters  of  style  and  could 
make  the  results  of  scientific  work  absorbingly 
interesting.  More  might  be  said  of  philosophy 
and  theology-,  though  here  little  has  been  pro- 
duced that  will  last  as  literature,  except  per- 
haps John  Stuart  Mill's  <Logic|  (1843),  Cardi- 
nal Newman's  *  Apologia  pro  Vita  Sua'  (1864), 
and  parts  of  Spencer's  'Synthetic  Philosophy' 
(1850-1900),  all  of  which  stand  as  representa- 
tive of  important  movements  in  the  history  of 
thought 

There  are  many  histories  of  English  litera- 
ture. The  most  elaborate  and  authoritative  is 
the  'Cambridge  History  of  English  Literature,' 
the  work  of  a  great  number  of  representative 
students.  That  of  Garnett  and  Gosse  is  an 
interesting  general  account,  richly  illustrated 
by  extracts  and  reproductions  of  manuscripts 
and  prints.  The  three  volumes  on  different 
periods  by  Saintsbury  and  Gosse  cover  the  last 
four  centuries  in  a  convenient  form.  The  work 
of  Taine  (translated  by  Van  Laun)  expresses 
his  views  of  the  development  of  literature  from 
national  life.  That  of  Ten  Brink  (translated  by 
Kencdav)  is  unfinished,  but  covers  the  ground 
where  German  scholarship  is  strongest,  namely, 
Anglo-Saxon  and  Middle  English.  Brandl  m 
Paul's  'Grundriss  dcr  germ.  Fhilologlc,'  gives 
a  very  full  and  convenient  summary.  Morlcy's 
'English  Writers'  is  a  very  full  account  in  10 
volumes,  but  has  not  got  beyond  Shakespeare 
The  'English  Men  of  Letters'  series  provides 
lives  of  the  greatest  authors.  Ward's  'Enelish 
Poets,'  and  Craik's  'English  Prose,'  are  valu- 
able, giving  a  summary  of  facts,  a  criticism  by 
a  writer  of  note,  and  a  number  of  extracts  in 
case  of  all  distinguished  poets  and  prose  writers. 

Edward  E.  Hale, 
Professor  of  English,  Union  College,  Schenec- 
tady, S'.  Y. 

ENGLISH  LITERATURE,  Middle 
Period-  The  «erm  Middle  English  may  con- 
veniently be  taken  to  include  the  period  1100- 
1500.  For  more  than  a  century  after  the  Con- 
quest, however,  the  majority  of  works  produced 
and  read  in  England  were  written  cither  in 
French  or  Latin.  Literature  in  the  vernacular, 
which  had  sunk  to  a  low  level  by  the  beginning 
of  the  11th  century*,  did  not  revive  materially 
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until  the  reign  of  John.  The  'Anglo-Saxon 
Chronicle'  continued  to  the  year  1154,  and  a  few 
religious  works,  chiefly  of  linguistic  interest, 
almost  exhaust  production  in  English  during 
this  era  of  transition.  During  the  13th  century 
English  began  to  compete  with  the  other 
tongues  for  supremacy,  and  by  the  time  of 
Chaucer  its  victory  was  assured,  although 
French  and  Latin  continued  to  be  widely  used. 
At  first,  the  progress  of  the  vernacular  was 
greatly  hindered  by  dialectical  differences  in 
various  parts  of  the  country.  The  West-Saxon 
and  Kentish,  the  Mercian,  and  the  North- 
umbrian of  the  earlier  period  had  developed  re- 
spectively into  the  Southern,  Midland  and  North- 
ern, with  some  changes  of  boundary.  Of  these, 
East  Midland  was  most  important,  as  the  dialect 
of  London  and  Chaucer,  and  the  parent  of 
Modern  English.  The  language  as  a  whole 
shows  very  marked  differences  from  Anglo- 
Saxon,  not  only  in  the  addition  of  many  foreign 
words,  chiefly  French  and  Scandinavian,  but  in 
changes  in  the  vowels  and  diphthongs,  in  the 
disappearance  of  inflectional  endings,  and  in 
a  freer  use  of  particles  and  connectives.  The 
dialectical  peculiarities  gradually  became  less 
marked,  until  at  the  end  of  the  period  there  was 
practically  only  one  literary  dialect,  with  the  ex- 
ception of  Scottish. 

The  influence  of  Anglo-French  and  Anglo- 
Latin  upon  Middle  English  was  exceedingly  im- 
portant. The  Normans  took  great  interest  in 
historical  writing  after  their  settlement  in  Eng- 
land, as  the  Latin  chronicles  of  such  men  as 
Ordcricus  Vitalis,  Henry  of  Huntingdon  and 
William  of  Ncwburgh  attest.  About  1136 
Geoffrey  of  Monmouth  produced  his  fictitious 
'Histona  Regum  Britannia?,'  a  book  condemned 
by  serious  historians,  but  of  great  significance 
for  mediaeval  romance.  It  was  later  reworked 
in  French  rhymed  versions  by  Gaimar  and  Wace. 
The  Normans  were  fond  of  romantic  stories, 
and  even  retold  in  their  own  tongue  the 
deeds  of  various  native  English  heroes.  More 
serious  historical  work  was  .done  in  French 
verse  by  such  men  as  Gamier  de  Pont  Saint 
Maxcncc  or  Jordan  Fantosmc.  Churchmen  like 
Lan franc  and  John  of  Salisbury  wrote  on 
theological  matters,  and  there  was  early  much 
activity  in  the  new  English  universities.  Latin 
writing  of  a  lighter  sort  is  represented  by  the 
'De  Nugis  Curialium'  of  Walter  Map,  or  the 
'Speculum  Stultorum'  of  Nigcllus  Wirekcr. 
The  Normans  were  a  people  of  practical  mind, 
and  most  of  their  literature  consisted  of  utili- 
tarian or  devotional  prose.  Scientific  facts,  or 
supposed  facts,  interested  them  greatly.  They 
were  clever  tellers  of  tales,  both  of  the  fabliau 
type  and  those  pointing  a  moral.  Especially 
noteworthy  is  the  work  (c.  1175-85)  of  the 
poetess  Marie  de  France,  who  wrote  a  charming 
collection  of  'Lais/  and  a  book  of  fables,  the 
'Ysopet.' 

Earlier  Middle  English  literature  is  better 
studied  by  types  than  Dy  authors.  Originality, 
as  a  general  thing,  counted  for  little  in  medieval 
days,  and  works  in  the  vernacular  during  the 
13th  century'  were  based  almost  without  excep- 
tion upon  French  and  Latin  models.  The  nar- 
rative literature  is  of  far  greater  interest  than 
the  religious  and  didactic  writing.  The  French 
metrical  romances,  artistic  poems  dealing  with 
love  and  war,  and  chiefly  intended  for  the 
higher  classes,  were  made  accessible  to  the 
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English  after  the  middle  of  the  13th  century. 
The  cycle  of  King  Arthur  and  his  knights  was 
the  most  important  and  popular.  A  smaller  and 
less  favored  division  dealt  with  "the  matter  of 
France,* — the  deeds  of  Charlemagne  and  his 
warriors.  A  third  group  is  based  on  native 
English  and  Germanic  themes  —  King  Horn, 
Havelock.  Bevis  of  Hampton,  Guy  of  Warwick, 
etc.  Stories  of  Troy  and  Thebes  form  a  fourth 
class.  The  Troy-story  deserves  attention  be- 
cause of  versions  of  the  Troilus-Crcssida  theme 
by  Chaucer,  Hcnryson,  Lydgate  and  Shakes- 
peare. Romances  of  eastern  origin,  with  a  few 
others  not  readilv  classifiable,  complete  the  list. 
By  the  time  of  Chaucer,  the  metrical  romances 
were  showing  signs  of  degeneration,  and  in  the 
15th  century  prose  romances  took  their  place. 
In  strong  contrast  to  these  arc  the  fabliaux, 
short,  witty,  rhymed  tales,  intended  for  the  low- 
er classes,  usually  of  a  satiric  character,  and 
frankly  indecorous.  They  were  never  as  popu- 
lar in  England  as  in  France,  although  stories  of 
this  type  form  the  largest  genre-division  of  the 
'Canterbury  Talcs.'  Pious  tales,  generally  rep- 
resenting supernatural  occurrences  in  evcry-day 
life,  and  beast  stories,  like  the  'Fox  and  the 
Wolf  (13th  century),  were  popular.  Note- 
worthy, too,  are  the  collections  of  stories,  often, 
as  in  the  case  of  the  'Gesta  Romanorum,'  used  by 
preachers  as  exempla  upon  which  to  base  homi- 
lies. Many  romantic  narratives  reappeared  in 
altered  form  in  the  ballads.  These  "stories  in 
song*  differed  widely  from  the  romances,  being 
short,  stanzaic,  allusive  pieces  of  unknown  au- 
thorship, perpetuated  among  the  people  by  oral 
tradition,  and  dealing  with  a  great  variety  of 
material.  The  popular  lyric  —  quite  a  different 
thing  —  is  represented  by  such  pieces  as  'Sumer 
is  ycumen  in,*  or  'Blow,  Northern  Wind.'  In 
the  secular  lyric  the  French  influence  was  again 
predominent.  Secular  love-poetry  was  often 
applied  to  religious  ends,  as  in  the  'Love-Rune* 
of  the  Franciscan  monk,  Thomas  de  Hales.  In 
the  14th  century  French  lyrics  were  extensively 
imitated,  as  the  work  of  Chaucer  and  Gower 
shows.  As  for  metrical  chronicles,  three  de- 
serve especial  mention.  Most  important  is  the 
'Brut'  of  Layamon  (c.  1205),  so  called  because 
it  traces  British  history  from  Brutus.  Although 
dependent  upon  earlier  French  and  Latin  work, 
it  shows  imaginative  power  and  patriotic  feel- 
ing. The  same  love  of  England  appears  in  the 
chronicle  of  Robert  of  Gloucester  (late  13th 
century),  which  may  have  been  written  by  more 
than  one  man,  and  in  the  historical  work  of 
Robert  Mannyng  of  Brunne  in  the  14th  century. 

The  devotional  and  didactic  literature  is 
somewhat  difficult  to  classify,  since  the  various 
types  were  not  always  clearly  differentiated,  and 
borrowed  much  from  secular  writing.  A  favor- 
ite form  of  conveying  wisdom  was  the  proverb 
poetry.  An  early  collection  of  this  sort  was 
attributed  to  King  Alfred,  and  another  was  put 
into  the  mouth  of  a  personace  called  "Hending.* 
A  similar  purpose  was  served  by  the  "debates,* 
the  most  noteworthy  of  which  is  the  'Debate  of 
the  Body  and  SouP  (12th  century),  in  which 
each  speaker  accuses  the  other  of  being  respon- 
sible for  the  death  of  the  dead  man.  The  'Owl 
and  Nightingale'  (c.  1220)  is  the  most  im- 
portant secular  debate  in  English.  There  was 
much  work  on  scientific  subjects,  and  this  was 
often  made  to  point  a  moral,  as  in  the  'Bestiary* 
of  the  early  13th  century,  which  appends  a 
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•significatio*  to  each  description.  A  vast  num- 
ber of  homilies  and  devotional  treatises  were 
written.  The  'Poema  Morale,'  "a  penitential 
sermon  in  verse,"  dates  from  1170.  The 
'Ancren  Riwle,'  or  Rule  for  Nuns,  is  an  early 
prose  monument  of  some  importance.  More 
celebrated  is  the  'Ormulum'  (c.  1200),  a  set 
of  pedestrian  metrical  homilies  valuable  to  the 
philologist  on  account  of  a  peculiar  system  of 
spelling.  In  the  14th  century  Dan  Michel  of 
Kent,  the  author  of  the  'Aycnbite  of  Inwit.' 
William  of  Shoreham,  who  wrote  stiff  didactic 
poems,  Robert  Mannyng  of  Brunne,  who  versi- 
fied a  French  manual  and  gave  it  the  title 
'Handlyng  Sinne,'  and  Richard  Rolle  of  Ham- 
pole,  are  all  noteworthy.  Richard  Rolle,  the 
mystic,  hermit  and  preacher,  was  more  im- 
portant as  a  personality  than  an  author,  yet  his 
works  were  much  esteemed  in  their  day. 
Chief  among  Bible  paraphrases  are  an  early 
version  of  Genesis  and  Exodus  (c.  1250),  in 
the  Midland  dialect,  and  the  'Cursor  Munch,' 
written  in  the  north.  Legends  and  lives  of  the 
saints  were  much  in  demand,  and  huge  legend 
collections  were  made  for  homiletic  work.  The 
Tales  of  the  Prioress  and  Second  Nun  in  Chau- 
cer illustrate  this  genre. 

The  most  important  figure  in  Middle  Eng- 
lish literature  is  Geoffrey  Chaucer  (1340-1400). 
A  Londoner  by  birth,  he  was  brought  up  in  the 
atmosphere  of  the  court,  took  part  in  the  French 
wars,  was  often  employed  upon  diplomatic  mis- 
sions, and  held  various  public  offices.  His  work 
may  be  somewhat  arbitrarily  divided  as  follows : 
The  first  period,  to  about  1372-73,  when  he  first 
visited  Italy,  reflects  the  influence  of  French 
poetry.  Besides  a  number  of  shorter  lyrical 
nieces  most  of  which  arc  not  extant,  the  period 
includes  a  translation  of  a  part  of  the  'Romance 
of  the  Rose,'  and  'The  Book  of  the  Duchess,'  a 
lament  for  the  death  of  the  wife  of  his  patron 
John  of  Gaunt.  The  second  period,  which  closes 
about  1385,  reveals  him  imitating  Italian  models, 
particularly  the  work  of  Boccaccio.  Here  be- 
long 'Troilus  and  Crcssida,'  'Anelida  and 
Arcite,'  'The  House  of  Fame,'  'The  Parliament 
of  Birds'  and  some  stories  later  utilized  in  the 
'Canterbury  Tales.'  This  period  shows  a  great 
advance  in  versatility  and  poetic  power.  The 
so-called  English  period,  in  which  he  attained 
the  summit  of  his  powers,  has  been  held  to  in- 
clude the  'Legend  of  Good  Women,'  but  recent 
research  puts  much  of  it  earlier  and  makes  plain 
the  strong  influence  of  French.  The  chief  work 
of  this  period,  and  his  masterpiece,  is  the  'Can- 
terbury Tales.'  The  stories  were  borrowed 
from  various  sources:  the  plan  of  the  whole 
resembles  that  of  the  'Decameron,'  but  there  is 
no  evidence  that  Chaucer  was  acquainted  with 
it.  Besides  two  prose  Tales,  Chaucer  trans- 
lated Bocthius  and  wrote  a  treatise  on  the 
astrolabe.  The  chronology  of  his  writings  has 
not  yet  been  determined  with  complete  accuracy. 

Four  important  alliterative  poems  of  the 
latter  half  of  the  14th  century,  written  in  the 
West  Midland  dialect,  may  be  referred  to  one 
author,  whose  name  has  not  been  preserved: 
'Sir  Gawa:n  and  the  Green  Knight,'  'The 
Pearl,'  'Purity'  and  'Patience.'  The  first  of 
these  is  generally  considered  the  finest  of  the 
metrical  romances,  because  of  its  elevation  of 
tone,  descriptive  power  and  narrative  skill.  It 
is  written  in  a  highly  artificial  style  of  verse. 
'The  Pearl'  describes  the  appearance  of  a  beau- 
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tiful  maiden  in  Heaven,  seen  in  a  dream.  It  is 
probably  to  be  interpreted  allegorically,  although 
the  poem  has  often  been  held  to  reflect  the  grief 
of  a  real  bereavement  The  other  two  poems, 
which  are  of  minor  value,  exalt  the  virtues 
indicated  in  their  titles.  Alliterative  verse,  with- 
out end-rhyme,  was  employed  by  William  Lang- 
land,  whose  bitter  satire  contrasts  with  the 
genial  irony  of  Chaucer.  'The  Vision  of  Piers 
the  Plowman*  attacks  the  evils  of  the  day  by 
means  of  various  allegorical  figures  seen  in 
dreams.  A  continuation  of  the  same  material 
appears  in  the  pieces  called  'Do  Wei,*  'Do 
Bet'  and  'Do  Best.'  The  allegory  is  sometimes 
realistic  and  sometimes  mystic.  The  'Vision' 
appeared  in  three  different  versions  in  the  lat- 
ter part  of  the  14th  century.  It  has  been  doubted 
that  this  is  all  the  work  of  one  man  and  too 
much  weight  has  been  attached  to  supposed 
autobiographical  evidence  in  it.  'Richard  the 
Redeless'  is  generally  assigned  to  Langland. 

The  fame  of  John  Gower  (d.  1408)  rests, 
apart  from  a  series  of  French  ballades,  and 
minor  pieces,  upon  three  works,  the  'Speculum 
Meditantis,'  a  moral  allegory  in  French  verse, 
the  'Vox  Clamantis'  in  Latin,  dealing  with  the 
social  unrest  of  his  day,  and  the  'Confessio 
Amantis'  in  English,  his  best-known  poem.  The 
'Confessio'  consists  of  a  series  of  talcs,  strung 
on  a  thread  of  story.  The  priest  of  Venus  is 
sent  to  "confess*  the  lover,  and  gives  him  in- 
struction by  means  of  tales  illustrating  the  vices 
and  virtues,  with  special  applications  to  matters 
of  love.  Many  of  these  tales  are  well  and  sim- 
ply told,  but  the  artificial  and  highly  finished 
octosyllabic  couplet  soon  becomes  monotonous. 
The  poem  is  too  long  (nearly  34,000  lines),  and 
is  far  inferior  to  the  work  of  Chaucer.  An 
enormously  prolific  poet,  too,  was  John  Lydgate. 
His  long  poems,  like  'The  Troy-Book,'  or  'The 
Falls  of  Princes,'  are  tedious  versifying;  his 
minor  poems  and  'Fables'  show  him  at  his  best. 
As  a  disciple  of  Chaucer  he  stands  with  Thomas 
Occleve  or  Hoccleve,  a  more  interesting  person- 
ality, but  less  productive  and  accomplished  than 
Lydgate.  Occlcve's  chief  work  is  'The  Gouver- 
nail  of  Princes.' 

The  prose  work  of  John  Widif  was  pri- 
marily utilitarian.  He  was  greater  as  a  per- 
sonality than  as  a  writer,  but  his  translation  of 
the  Bible  (c.  1380)  did  much  to  fix  the  form 
of  the  language,  and  his  simple  and  direct  ser- 
mons appealed  strongly  to  the  lower  classes. 
He  was  assisted  in  translating  the  Old  Testa- 
ment by  Nicholas  of  Hereford,  and  the  whole 
was  later  revised  by  John  Purvey.  An  undue 
importance  has  sometimes  been  attached  to  the 
fictitious  'Travels'  supposed  to  have  been  made 
by  a  Sir  John  Mandeville  in  the  14th  century. 
The  book  was  originally  written  in  French,  but 
the  facts  of  its  authorship  are  not  yet  fully 
known.  Though  purporting  to  be  authentic,  it 
is  full  of  grotesque  descriptions  of  the  East, 
mostly  borrowed,  from  mediaeval  travel-books. 
See  Manprville. 

The  15th  century  was  a  singularly  barren 
era.  England  was  almost  devoid  of  poetry  of 
distinction ;  the  example  of  Chaucer  inspired 
little  in  the  south,  and  the  Wars  of  the  Roses 
had  a  most  unfavorable  effect  upon  literary  pro- 
duction in  general.  Some  advance  was  made  in 
prose  writing,  however, » through  the  interest 
taken  in  historical,  legal,  controversial  and  re- 
ligious subjects.    Reginald  Pecock,  the  great 
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opponent  of  the  doctrines  which  had  been 
advocated  by  Wiclif,  is  remembered  for 
his  'Repressor  of  Over-much  Blaming  of  the 
Clergy.'  Sir  John  Fortescuc,  the  author  of 
'The  Gouvernance  of  England,'  and  the  chroni- 
clers Capgrave  and  Fabyan  also  deserve  men- 
tion. Perhaps  the  most  distinguished  work  of 
the  century  was  Sir  Thomas  Malory's  'Morte 
dArthur.'  This  collection  of  romantic  tales 
dealing  with  King  Arthur  and  his  knights,  told 
in  melodious  prose  with  great  skill  and  charm, 
was  finished  about  1470,  and  printed  15  years 
later  by  Caxton.  Malory  drew  most  from 
French  romances.  Although  he  invented  little, 
he  was  no  mere  compiler,  but  a  great  literary 
artist.  The  introduction  of  printing  and  the 
publications  of  Caxton  mark  a  new  era  in  Eng- 
lish letters.  Much  of  the  material  which  Caxton 
printed  he  translated  from  other  languages  him- 
self. His  activity  exerted  a  strong  influence  in 
the  development  of  English  prose. 

A  compensation  for  the  dearth  in  English 
proper  in  the  15th  century  appears  in  the  emerg- 
ence of  Scottish  literature.  The  first  note- 
worthy work  in  this  dialect,  with  the  exception 
of  certain  legends  and  romances,  is  the  'Bruce' 
of  John  Barbour,  whose  life  falls  within  almost 
the  same  dates  as  that  of  Chaucer.  The  poem 
partakes  of  the  nature  both  of  a  rhymed  chroni- 
cle and  a  romance,  and  though  lacking  in  finish, 
is  full  of  vigor  and  animated  by  patriotic  spirit 
It  celebrates  the  deeds  of  Robert  Bruce,  with 
occasional  lapses  from  historical  accuracy.  An- 
drew of  Wyntoun's  'Original  Chronicle' — so 
called  because  he  began  from  the  very  begin- 
ning—  is  an  exceedingly  monotonous  piece  of 
versifying.  The  exploits  of  William  Wallace 
were  celebrated  by  Henry  the  Minstrel,  or  Blind 
Harry,  as  he  is  often  called,  in  a  poem  which 
takes  great  liberties  with  history.  Of  Blind 
Harry  little  is  known.  A  pronounced  imitator 
of  Chaucer,  and  not  an  unworthy  one,  was  King 
James  I  of  Scotland,  who  celebrated  his  love  for 
Lady  Jane  Beaufort  in  'The  King's  Quair' 
(1423).  In  structure,  language  and  general  lit- 
erary treatment  it  is  highly  artificial,  but  full 
of  grace  and  poetic  feeling.  It  derives  addi- 
tional interest  from  the  romantic  career  and 
early  death  of  its  author.  In  variety  and  excel- 
lence of  work,  Robert  Hcnryson,  who  flourished 
in  the  latter  part  of  the  15th  century,  holds  an 
important  place.  He  wrote  the  earliest  extant 
English  pastoral,  'Robene  and  Makyne,'  and  a 
notable  collection  of  'Fables.'  The  influence 
of  Chaucer  is  seen  in  'The  Testament  of  Cres- 
sida.'  which  describes  Cressida's  unhappy  death 
with  great  dramatic  power.  In  minor  poems  he 
was  often  felicitous.  An  elaborate  though 
tedious  and  awkward  bird-fable  is  the  'Howlat' 
or  'Owlet'  of  Holland.  The  greatest  poet  of 
the  period  was  William  Dunbar  (1460P-1520?), 
who  led  a  wandering  life  in  his  youth,  was  later 
attached  to  the  court  of  James  IV  of  Scotland, 
and  entered  holy  orders.  Most  of  his  poems  are 
short  and  a  large  number  of  them  are  satirical. 
More  ambitious  are  'The  Thistle  and  the  Rose,' 
which  commemorates  the  marriage  of  the  king, 
and  'The  Golden  Targe,'  an  elaborate  allegory. 
'The  Dance  of  the  Seven  Deadly  Sins,'  'The 
Flyting  with  Kennedy,'  a  brother-poet,  'The 
Two  Married  Women  and  the  Widow,'  and 
'Tidings  from  the  Session'  are  all  representa- 
tive pieces.  'The  Two  Friars  of  Berwick,'  a 
piece  of  vigorous  Chaucerian  narrative,  is  as- 
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cribed  to  him.  'The  Lament  for  the  Makers' 
strikes  the  elegiac  note,  but  Dunbar  was,  on  the 
whole,  lacking  in  pathos  and  tenderness.  He 
was  a  poet  of  great  variety  and  originality, 
using  both  the  "aureate  style*  then  in  vogue,  and 
the  rude  dialect  of  the  people  with  equal  skill. 
Gawin  Douglas,  Bishop  of  Dunkeld  (1475-1522), 
wrote  rather  stiff  allegorical  poems,  'The  PaJace 
of  Honor'  and  'King  Heart.'  His  most  im- 
portant work  is  his  translation  of  Virgil.  Doug* 
las  was  the  most  learned  of  the  Scottish  poets, 
and  his  work  was  designed  to  appeal  chiefly  to 
the  upper  classes.  Much  of  the  work  of  Dunbar 
and  Douglas  falls  outside  the  formal  boundary 
of  this  literary  period,  1500,  yet  in  the  general 
character  of  their  poetry  and  especially  in  their 
imitation  of  mediaeval  models  they  are  properly 
to  be  considered  with  the  earlier  men.  The 
same  is  hardly  true  of  the  work  of  Sir  David 
Lyndsay  of  the  Mount  (1490-1545),  who  com- 
pletes this  group  of  Scottish  poets.  The  re- 
formatory tone  and  national  appeal  in  his  writ- 
ings place  them  in  the  era  following. 

In  English  literature  proper  a  similar  dis- 
tinction is  to  be  made.  Alexander  Barclay's 
translation  of  the  '  Narrenschiff '  of  Sebastian 
Brandt,  which  he  called  'The  Ship  of  Foules.' 
and  'The  Pastime  of  Pleasure'  of  Stephen 
Hawes,  a  "belated  Chaucerian,"  both  produced 
in  the  first  decade  of  the  16th  century,  belong 
far  more  to  the  age  that  had  passed  than  does 
the  poetry  of  Skclton.  Although  some  of 
Skeltons  early  work  suggests  imitation  of  the 
older  poetry,  his  most  characteristic  pieces  do 
not  fall  within  the  bounds  of  Middle  English. 
Neither  Hawes  nor  Barclay  were  even  second- 
rate  poets;  their  prominence  is  chiefly  due  to 
the  fact  that  they  lived  in  a  time  when  little 
good  poetry  was  written. 

The  miracle  plays  flourished  in  England 
from  the  early  part  of  this  period  until  the  end 
of  the  16th  century.  The  morality  play,  a  less 
important  genre,  arose  in  the  second  quarter  of 
the  15th  century,  and,  with  the  interlude,  for  a 
time  rivaled  the  popularity  of  the  miracles. 
For  a  discussion  of  the  rise  of  the  drama  in  the 
Middle  English  Period,  see  Miracle  Plays. 

Bibliography. —  There  is  a  comprehensive 
and  detailed  discussion  of  the  earlier  Middle 
English  period  by  Schoficld,  W.  H.,  'English 
Literature  from  the  Norman  Conquest  to 
Chaucer,'  which  contains  bibliography  and 
chronological  tables;  for  individual  authors 
consult  the  <  Dictionary  of  National  Biography' ; 
for  bibliography  and  brief  discussions.  Wells, 
J.  E.,  'Manual  of  the  Writings  in  Middle  Eng- 
lish'; for  literary  history  in  general,  the  'Cam- 
bridge History  of  Fnpfish  Literature'  (Vols. 
I  and  II,  Cambridge  1913).  'Grundrhs  dcr 
germ.  Philologic* ;  Jusscrand,  'Literary  His- 
tory of  the  English  People'  (2  vols.)  ;  Morley, 
H..  'English  Writers'  (Vol.  III-V1I)  ;  Saints- 
bury,  <A  Short  History  of  English  Literature' ; 
Chambers,  E.  K.,  'The  Mediaeval  Stage.'  For 
the  French  literature  of  the  period,  cf.  Paris. 
G,  'La  litt.  franq.  an  moven  age.' — 'Mediaeval 
French  Literature.'  in  Temple  Primer  Series. 
For  the  Scottish  poets.  Henderson.  T.  F..  'Scot- 
lish  Vernacular  Literature,  A  History'  ;  and 
chapters  by  Gregory  Smith  in  the  'Cambridge 
History  of  English  Literature'  (Vol.  II,  Cam- 
bridge 1913). 
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ENGLISH  LITERATURE,  Elizabethan 

THE  DRAMA. 

At  the  beginning  of  the  reign  of  Elizabeth 
the  conflict  between  medisevalisnvand  humanism 
was  rife  in  the  drama  as  in  other  forms 
of  literature.  For  the  preceding  half  cen- 
tury there  had  been  a  confusion  of  types; 
miracle,  morality,  interlude,  and  farce  existing 
side  by  side  and  exhibiting  various  differentia- 
tions and  there  had  been  a  confusion  of  theatri- 
cal conditions,  play-acting  still  remaining  largely 
in  amateur  hands.  Neo-latin  imitations  of  the 
classics  were  being  succeeded  by  academic  at- 
tempts in  the  vernacular.  'Ralph  Roister 
Doister,'  written  by  Nicholas  Udall  for  the 
school  performance,  had  already  in  1552  marked 
the  appearance  of  comedy  as  a  distinct  form 
after  the  Plautian  model,  and  'Gorboduc,'  by 
Sackville  and  Norton,  performed  in  1562  before 
the  Queen,  was  the  first  vernacular  tragedy. 
Two  other  extant  plays  written  within  the  next 
few  years  and  performed  by  amateurs,  'Jocasta' 
and  'Tancred  and  Gismunda,'  were,  like  'Gor- 
boduc,' attempts  by  Englishmen  of  culture  to 
imitate  the  tragedies  of  Seneca  in  accord  with 
the  practice  of  Italian  humanists.  Meantime 
'Apius  and  Virginia'  and  'Damon  and  Pithias,' 
mixtures  of  tragedy  and  comedy,  exhibited  the 
persistence  of  popular  methods  combined  with 
classical  borrowings,  while  'Cambyscs'  and 
'Horestes'  were  formless  chronicles  of  atroci- 
ties without  any  perceptible  classical  decorum. 
The  building  of  the  first  London  theatre  in  1576 
was  the  sign  of  a  speedy  triumph  of  the  profes- 
sional companies  as  the  chief  purveyors  of  the 
drama.  A  dozen  years  later  the  advent  of  a 
group  of  gifted  poets  prepared  the  way  for 
Shakespeare  by  determining  the  course  of  a 
popular  drama  that  was  to  be  literary  though 
disregardful  of  classical  restrictions. 

Comedy,  where  the  departure  from  mediaeval 
forms  required  by  the  humanists  was  far  less 
than  in  tragedy,  was  the  first  to  attract  literary 
talent  to  the  public  stage.  The  plays  of  Wilson 
revealed  a  satirical  comedy  of  manners  emerg- 
ing from  the  morality,  and  the  entertainments 
devised  by  Lvly  for  the  children  companies, 
combined  lyrical  and  spectacular  attractions 
with  a  refined  wit  and  a  certain  graceful  court- 
liness. Later  Green  introduced  sentimental  com- 
edy with  its  averted  tragedy  and  its  idealization 
of  women.  Such  hasty  summarizing,  however, 
does  scant  justice  to  the  variety  and  ingenuity 
of  the  experiments  that  preceded  Shakespeare, 
drawing  their  material  from  every  field  from 
classical  myth  to  native  folk  lore,  and  essaying 
and  amalgamating  every  department  of  comedy 
from  the  Plautian  to  the  pastoral.  Most  char- 
acteristic, perhaps,  of  all  was  romantic  comedy, 
usually  based  on  Italian  novelle  and  offering  a 
medley  of  fun.  sentiment  and  adventure. 

In  tragedy  Kyd  adapted  Seneca  to  the  condi- 
tions of  the  popular  theatres,  discarding  most  of 
his  structural  scheme  but  retaining  the  story  of 
revenge,  the  accompanying  ghost,  the  horrors 
and  the  moralizing;  and  thus  in  the  'Spanish 
Tragedy'  (r  r.  1587).  creating  a  special  type  des- 
tined to  a  v  ^orous  existence.  Marlowe  (1564- 
93)  turned  his  back  on  Senecan  methods  and 
brought  to  the  rambling  and  discordant  struc- 
ture of  the  current  popular  history  plays  his 
splendid  blank  verse  and  his  soaring  imagina- 
tion.   'Tamburlaine,'  'Faustus,'  the  'Jew  of 
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Malta,*  and  'Edward  II.'  the  chief  plays  of  his 
half  dozen  years  of  dramatic  activity,  delighted 
the  vulgar  by  their  violence  and  spectacle,  and 
at  the  same  time  made  the  public  stage  the  abode 
of  noble  poetry  and  genuine  passion.  His 
genius,  though  never  fully  developed,  remade 
tragedy  and  history,  giving  to  the  chronicle 
structure  the  unity  of  a  protagonist,  possessed 
by  extraordinary  ambition  and  engaged  in  tragic 
conflict  with  overpowering  opposition. 

In  Marlowe,  as  in  the  other  early  Elizabeth- 
ans, there  is  much  that  is  fantastic,  crude  and 
absurd.  The  primary  aim  of  each  dramatist 
was  to  present  a  story  so  as  to  delight  a  motley 
audience;  hence  the  tendency  was  naturally 
toward  stories  of  sensational  crimes  for  tragedy 
and  of  romantic  adventures  for  comedy,  without 
much  care  for  the  isolation  of  either  species. 
Like  Marlowe,  however,  the  other  dramatists 
were  poets  as  well  as  playwrights,  stimulated 
by  that  imaginative  idealism  so  nobly  character- 
istic of  the  national  temper  in  the  years  of 
Elizabeth's  greatness,  and  in  their  exuberant 
and  somewhat  over-fantastic  verse  reflecting 
the  audacity,  adventurousness,  emotional  ex- 
travagance and  undaunted  aspiration  of  the 
age. 

Shakespeare's  apprenticeship  was  served  in 
this  period,  and  his  early  plays  naturally  follow 
the  forms  then  current  and  exhibit  the  qualities 
most  prominent  in  other  dramatists.  The 
'Comedy  of  Errors'  is  an  adaptation  of  Plau- 
tus;  'Love's  Labour's  Lost'  follows  Lyly;  the 
'Two  Gentlemen  of  Verona'  recalls  the  senti- 
mental comedy  of  Greene;  'Titus  Andronicus' 
is  a  melodrama  of  atrocities  after  the  fashion  of 
Kyd;  'Henry  VI'  is  dominated  by  Marlowe, 
and  'Richard  III,'  following  the  Marlowcan 
formula,  surpasses  the  master  in  the  vigorous 
delineation  of  the  villain  protagonist  and  in  the 
stage  effectiveness  of  his  part.  But  Shake- 
speare soon  left  his  fellows  far  behind.  The 
'Midsummer  Night's  Dream'  and  the  'Mer- 
chant of  Venice'  transcended  the  romantic 
comedies  that  had  made  them  possible  on  the 
London  stage,  and  'Romeo  and  Juliet'  as  com- 
pletely surpassed  the  prevailing  tragedy  of 
blood.  By  1600  Shakespeare  had  created  his 
great  series  of  comedies  and  in  the  Falstaff 
plays  had  wrought  a  union  of  comedy  and  his- 
tory such  as  the  early  chronicle  plays  had  only 
dimly  foreshadowed. 

By  1600  new  forces  were  manifest  in  the 
drama.  A  young  poet,  Marston,  was  following 
his  successful  satires  by  a  series  of  plays,  in 
part  tragedies  of  blood  on  the  Kydian  model, 
and  in  part  satirical  tragi-comedies,  which  aimed 
to  be  searching  studies  of  evil.  In  1599  Ben 
Jonson's  'Every  Man  in  His  Humour,'  acted 
by  Shakespeare  s  company,  was  prefaced  with  a 
declaration  of  war  on  the  absurdities  of  chroni- 
cle history  and  romantic  plays,  and  with  the 
promise  of  the  creation  of  a  comedy  dealing 
with  contemporary  manners.  Jonson.  indeed, 
continued  a  powerful  force  in  the  drama  for  the 
next  25  years.  His  preaching  was  all  directed 
toward  the  establishment  of  a  more  conscious 
and  painstaking  art,  and  its  regularization  by 
classical  examples,  while  his  practice  resulted 
in  a  noteworthy  series  of  satirical  comedies, 
present mp  with  powerful  humor  and  realism 
the  follies  and  vices  of  the  day.  Chanman  and 
Middleton  were  also  writing  comedies  of  do- 
mestic manners,  and  the  whole  trend  of  the 


drama  from  1600  to  1608  was  away  from  ro- 
mance and  sentiment,  resulting  in  a  satirical  and 
realistic  treatment  in  comedy  and  a  more  search- 
ing analysis  of  evil  in  tragedy.  Under  these 
circumstances  Shakespeare's  great  scries  oi 
tragedies  was  produced.  This  is  not  the  plact 
to  speak  of  their  lasting  significance,  but  merely 
to  note  that  his  genius,  now  in  the  full  maturity 
of  its  powers,  was  still  engaged  in  transforming 
the  prevailing  types  of  drama.  Narratives  from 
chronicle  and  novella,  so  often  the  sources  of 
formlessness  of  structure,  resulted  in  the  splen- 
did dramatic  concentration  of  'Macbeth'  and 
'Othello* ;  the  absurd  tragedy  of  blood,  popular 
again  through  the  efforts  of  Marston  and 
others,  became  'Hamlet'  with  its  infinite  sug- 
gestiveness  of  human  tragedy;  the  grotesquc- 
ness  characteristic  of  mediaeval  as  well  as 
Elizabethan  drama  had  its  final  justification  in 
'  Lear. ' 

By  1607-08  the  success  of  the  heroic  plays  of 
Beaumont  and  Fletcher  had  brought  the  roman- 
tic and  idyllic  again  into  favor  and  perhaps 
given  the  suggestion  for  Shakespeare's  return  to 
romantic  tragi-comedy  in  'Cymbelinc,'  a  'Win- 
ter's Tale,'  and  the  'Tempest.'  Heroic  ro- 
mances, such  as  'Philastcr'  and  the  'Maid's 
Tragedy'  succeeded  not  only  because  of  their 
poetry  and  their  sensational  contrast  of  senti- 
mental love  and  sensual  passion,  but  even  more 
because  of  the  telling  theatrical  effectiveness  of 
their  situations  and  the  clever  alternations  of 
suspense  and  surprise  with  which  their  in- 
genious plots  were  complicated.  The  comedy  of 
Beaumont  and  Fletcher,  especially  in  its  later 
development  by  Fletcher,  like  their  heroic  plays, 
had  a  long  continued  influence  on  the  drama. 
Possessing  ready  wit,  great  poetic  facility  and 
an  abundant  invention,  but  without  moral  taste 
or  any  serious  criticism  of  life,  Fletcher  marks 
a  stage  in  the  drama  that  may  fairly  be  called 
decadent  when  we  recall  the  sound  moral  sense 
and  the  artistic  aspiration  of  the  early  plays. 
Yet  the  last  decade  of  Shakespeare's  life  was 
the  time  of  Jonson's  greatest  comedies,  of  the 
masterpieces  of  Beaumont  and  Fletcher,  and 
of  some  of  the  best  work  of  Chapman,  Tour- 
ncur,  Webster  and  Middleton. 

The  very  existence  of  these  masterpieces  was 
of  itself  a  factor  in  the  drama's  decline.  Web- 
ster, writing  in  1612,  made  the  first  avowal  of 
obligations  to  his  great  contemporaries ;  and 
henceforth  the  increasing  recognition  of  the 
greatness  of  the  immediate  past  seemed  to  stifle 
rather  than  to  inspire  innovation  and  experi- 
ment. Webster  himself,  borrowing  freely  from 
others,  carried  the  tragedy  of  blood  to  its  final 
development  in  the  powerful  and  gloomy  'White 
Devil'  and  'Duchess  of  Malfi. '  Middleton  in 
collaboration  with  Rowley  created  scenes  of 
powerful  tragic  interest  in  'A  Fair  Quarrel' 
and  the  'Changeling.'  Massinger,  collaborating 
often  with  Fletcher  and  to  a  considerable  ex- 
tent borrowing  Fletcher's  methods,  produced  a 
body  of  tragedy  and  tragi-comedy,  morally  di- 
dactic, and  rhetorically  excellent,  but  in  char- 
acterization and  poetry  somewhat  deficient. 
These  are  only  a  few  of  the  writers  of  tragedy 
during  the  reign  of  James  I;  in  the  development 
of  comedy,  where  less  poetical  excellence  is  de- 
manded, the  number  of  important  contributors 
was  much  larger.  Middleton's  most  character- 
istic work  was  a  group  of  lively  comedies  that 
exposed  contemporary  manners  wjth  the  frank- 
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est  realism.  Massinger,  though  on  the  whole 
deficient  in  humor,  produced  in  'A  New  Way 
to  Pay  Old  Debts'  the  noteworthy  character  of 
Sir  Giles  Overreach  that  has  attracted  many 
great  actors,  including  Kean.  Dekker  and  Hey- 
wood,  writers  without  great  literary  pretensions, 
wrote  a  large  number  of  successful  plays.  Dek- 
ker ranged  from  the  romantic  idealism  of  'Old 
Fortunatus'  and  the  sentiment  and  merriment 
of  the  'Shoemaker's  Holidav>  to  the  painful 
realism  of  the  'Honest  Whore.'  Heywood,  al- 
ways a  skilful  and  inventive  playwright,  like- 
wise wrote  plays  of  every  kind,  achieving  a  real 
masterpiece  in  his  <A  Woman  Killed  with  Kind- 
ness. '  This  play  may  be  classed  as  a  sentimental 
tragic-comedy  or  as  a  domestic  tragedy,  a  class 
which  includes  a  number  of  plays  depicting  cur- 
rent crimes  and  goes  back  at  least  as  far  as 
•Ardcn  of  Feversham'  in  Marlowe's  day.  One 
other  dramatic  form,  extremely  popular  in  the 
court  of  James  I,  must  be  mentioned,  the  court 
mask.  For  these  scenic  and  musical  entertain- 
ments many  dramatists,  and  notably  Jonson, 
wrote  libretti ;  and  the  spectacles  and  dances  in 
turn  had  an  important  influence  on  the  popular 
theatres.  The  dramatic  product  of  the  reign  of 
James  I  (1603-25)  was  indeed  fully  as  large 
as  that  of  the  reign  of  Elizabeth,  and,  including 
as  it  did  the  last  nine  years  of  Shakespeare's 
career,  vastly  greater  in  value.  But  the  enthusi- 
asm and  earnestness  of  the  days  of  the  Armada 
were  succeeded  by  a  time  of  immorality,  cor- 
ruption, and  national  weakness.  The  people 
were  turning  more  and  more  to  Puritanism, 
but  the  drama,  following  the  court,  grew  less 
serious,  more  licentious  and  gradually  forgetful 
of  its  high  calling. 

During  the  reign  of  Charles  I  the  drama 
offered  little  that  remains  notable,  outside  of 
the  continued  work  of  the  older  writers  and  the 
plays  of  Ford  and  Shirley.  Ford,  a  poet  of 
original  and  lofty  genius,  ranks  with  the  great 
dramatists  in  the  intensity  of  his  tragic  crises, 
but  he  sought  themes  and  motives,  abnormal 
and  decadent.  The  great  dramatists  of  the 
preceding  generation  stimulated  Shirley,  who 
was  their  last  worthy  follower  and  who  often 
recalls  but  never  quite  equals  their  best  work. 
Of  comic  dramatists  Brome,  of  "the  tribe  of 
Ben,*  and  Davenant,  who  belongs  to  the 
Restoration,  are  possibly  the  most  noteworthy. 
But  the  great  majority  of  the  many  plays  pro- 
duced were  mediocre.  The  drama  no  longer 
represented  the  nation ;  nor  in  the  approach 
of  the  civil  conflict  could  it  longer  command 
the  interest  and  energy  of  great  intellects  or 
imaginations.  It  had  little  virility  left  when  the 
Puritans  closed  the  theatres  in  1642. 

Within  a  few  years  Chapman,  Dekker  and 
Jonson,  the  last  surviving  dramatists  of  Eliza- 
beth's time,  had  died.  Their  lives  had  spanned 
the  entire  course  of  the  drama's  development, 
its  rapid  rise  and  its  splendid  culmination  as 
well  as  its  decline.  The  30  years  from  Mar- 
lowe's first  play  to  the  death  of  Shakespeare 
include,  in  fact,  all  that  is  great  in  this  amaz- 
ingly rapid  development.  Incomparable  as  this 
period  is  because  it  contains  the  career  of 
Shakespeare,  it  is  hardly  less  astonishing  be- 
cause of  the  variety  and  range  of  the  work  of 
his  fellows.  Lacking,  as  even  Shakespeare's 
plays  lack,  in  the  symmetry  and  unity  of  the 
Athenian  drama;  faulty,  as  his  plays  are  often 
faulty,  in  the  over-exuberance  of  language  and 


the  violence  and  extravagance  of  scenes;  suf- 
fering, as  his  genius  suffered,  from  the  crudity 
of  a  bare  stage  and  an  immature  dramaturgy; 
these  Elizabethan  plays,  taken  as  a  whole,  reveal 
in  however  inferior  measure,  his  great  excel- 
lences, the  untrammeled  play  of  wit,  sentiment, 
fun  and  fancy;  a  splendid  energy  of  diction 
and  of  dramatic  treatment ;  a  searching  revela- 
tion of  human  character,  and  an  abounding 
grace  and  power  of  poetic  expression.  See 
Drama;  English  Literature;  English  Lit- 
erature—Middle Period;  Great  Britain  — 
Trend  of  Thought  and  Literature  in  the 
19th  Centurv,  and  consult  works  there  re- 
ferred to.  A.  H.  Thorndike, 
Professor  of  English,  Columbia  University. 

NON -DRAMATIC  POETRY. 

Elizabethan  poetry  is  the  product  of  the 
Renaissance,— the  flowering  of  the  English 
stock  under  the  fertilizing  power  of 
European  thought.  English  literature  at 
all  points  —  in  Alfred's  time,  in  Eliza- 
beth's, in  the  18th  and  19th  centures, —  has 
owed  its  great  moments  to  foreign  inspiration, 
but  this  is  true  of  no  age  so  conspicuously  as 
of  the  Elizabethan.  The  period  is  short,  if  it 
be  measured  strictly  by  Elizabeth's  reign,  1558- 
1603;  and  even  if  the  limits  be  broadened  to 
include  Wyatt  and  Surrey  at  the  beginning  and 
all  of  Shakespeare's  work  at  the  end,  it  is 
still  but  narrow  room  for  the  development  of 
the  crude  religious  play  into  the  drama  of 
Shakespeare  and  Jonson,  —  of  the  clumsy  son- 
nets of  Wyatt  into  the  great  sequences  of 
Sidney,  Spenser  and  Shakespeare, —  of  the 
stiff  Tudor  music  into  the  noble  harmonies  of 
the  madrigals  and  the  sweet  melodies  of  the 
airs. 

Perhaps  because  of  this  swiftness  of  devel- 
opment, the  age  illustrates  with  unusual  clear- 
ness the  transference  of  life  to  books.  The 
rush  of  genius  draws  into  its  vortex  most  of 
the  experience  about  it;  Spenser's  friends  enter 
the  'Faerie  Queene'  unchanged,  and  in  spite  of 
the  allegory,  undisguised ;  Sidney's  passion 
takes  over  the  incidents  'of  his  wooing  with  an 
immediateness  that  the  occasional  bookishness 
of  his  inspiration  cannot  smother;  history, 
scarce  made,  is  subject  for  a  play;  the  gossip 
of  a  shipwreck  becomes  the  'Tempest';  and  — 
perhaps  most  interesting  of  all  — those  first 
poets  themselves,  the  type  of  the  age,  Surrey, 
Sidney,  Greville,  Raleigh,  arc  caught  up  as  they 
drop  from  life,  ana  continue  immortal  in 
Shakespeare's  young  men  —  Biron,  Valentine, 
Romeo.  The  contrast  here  suggested  between 
the  mass  and  power  of  its  literary  inheritance 
and  the  directness  of  its  foundation  upon  life, 
is  the  distinction  of  Elizabethan  poetry,  and 
perhaps  the  source  of  most  of  its  problems. 

In  this  swift  drawing-in  of  Continental  Ren- 
aissance thought  with  English  history  and  char- 
acter, the  age  is  set  off  by  three  great  names  — 
Spenser,  Shakespeare  and  Milton  —  for  though 
Milton  stands  well  outside  the  Elizabethan 
period,  he  is  the  last  term  in  its  development. 
The  apparent  remoteness  of  Spenser,  his  un- 
English  quality,  is  due  probably  to  the  fact  that 
he  is  nearest  to  the  great  wave;  he  takes  over 
a  larger  quantity  of  unnaturalized  material ;  he 
represents  the  early  school  of  wholesale  colo- 
nizers of  Italian  thought  on  English  soil.  Yet 
he  takes  over  into  his  writings  quite  as  much 
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of  English  life,  even  of  English  incident,  and 
quite  as  much  of  English  character,  as  Shakes- 
peare. The  great  dramatist,  at  first  glance  so 
natural,  so  near  to  his  race,  so  untouched  by 
the  tyranny  of  books,  is  indeed  all  these  things, 
yet  his  imagination  starts  always  in  some  for- 
eign suggestion.  Aside  from  the  different  scale 
of  genius,  he  is  as  English  as  Spenser  —  no 
more  so;  but  he  represents  a  more  complete 
blend  of  the  foreign  themes  with  the  native 
mind.  So  Milton  also,  heir  to  the  assimilated 
learning  of  the  Renaissance  —  to  humanism,  yet 
draws  on  the  most  English  sources  of  life  — 
English  experience,  English  character,  English 
landscape.  These  three  poets  illustrate  the 
Elizabethan  age  in  that  they  are  typically  in- 
dividual, typically  English,  and  typically  chil- 
dren of  the  Renaissance  mind. 

It  is  usual  to  take  as  the  beginning  of  Eliz- 
abethan poetry  the  book  in  which  the  Eliza- 
bethans themselves  saw  the  herald  of  their  day 
—  'Tottel's  Miscellany>  (1557).  This  book,  a 
publisher's  venture,  contained  the  work  of  sev- 
eral courtly  poets,  notably  of  Sir  Thomas  VVyatt 
(1503-42)  and  of  Henry  Howard,  Earl  of 
Surrey  (1516-47).  Though  the  selections 
were  written  before  Elizabeth's  reign,  they  un- 
folded already  the  characteristics  of  the  new 
age.  The  sonnets,  modeled  after  Petrarch  or 
translated  from  him,  foretold  the  later  sonnet 
fashion,  with  its  heavy  draughts  upon  the  Ital- 
ian spring;  the  imitations  of  classical  poetry 
showed  that  the  English  writers  had  found  the 
feeding  root  of  the  Renaissance  itself;  and  the 
translations  as  a  whole  pointed  in  the  direction 
of  the  more  notable  transfcrrings  of  the  world's 
imagination  to  English,  Golding's  (1536P-1605) 
Ovid,  1567,  and  Chapman's  (1559?-1634?)  Iliad, 
1598,  and  Odyssey,  1616.  So  also  the  lighter 
lyrics,  the  best  of  them  by  Wyatt,  foretold  the 
song-books;  Surrey's  sonnet  to  Clare  and  his 
poem  on  Windsor  witnessed  the  vitality  of  the 
Elizabethan  theme  of  friendship  —  the  nearness 
of  the  living  incident  in  his  verse ;  and  Grimald's 
(1519-61?).  'The  Garden'  prophesied  at  long 
range  the  love  of  English  country  life  that  was 
to  find  noble  expression' in  Marvell  and  Walton. 

The  fame  of  Tottcl's  book  made  the  miscel- 
lany a  fashionable  vehicle  of  publication 
throughout  the  Elizabethan  age,  though  the 
growing  habit  of  general  publishing  tended  to 
diminish  its  importance.  'The  Paradise  of 
Dainty  Devices'  (1576),  is  interesting  for  the 
work  it  preserves  of  Richard  Edwards  (1523?- 
66),  of  Edward  de  Verc,  Earl  of  Oxford 
(1550-1604),  and  of  Sidney's  friend.  Sir  Edward 

Dyer  (-  P-1607),  whose  fine  "My  mind  to 

me  a  kingdom  is,8  appears  in  this  anthology. 
'A  Gorgeous  Gallery  of  Gallant  Inventions' 
(1578),  illustrates  the  fashion  of  translation, 
and  bears  witness,  in  the  names  of  tunes  for 
the  poems,  to  the  growing  invasion  of  poetry  by 
music.  <A  Handful  of  Pleasant  Delights' 
(1584),  is  a  weaker  anthology,  of  practically  no 
merit,  but  'The  Fhcenix  Ncst»  (1593),  is  note- 
worthy for  the  elegies  on  Sidney  —  one  by  Sir 
Walter  Ralcitjh  (1552?-I6I8),  and  for  other 
poems  bv  Raleigh  and  Thomas  Lodpc  (1558?- 
1625).  ''England's  Helicon1  (1600)  includes 
selections  from  Sidney,  Spenser,  Breton,  Lodge. 
Pcelc  and  Barnfield  the  great  writers  of  the 
first  Elizabethan  period,  strongly  marked  by 
the  pastoral  vein ;  the  book  would  be  notable 
for  one  poem  alone,  Marlowe's  "Come  live 


with  me  and  be  my  love."  'England's  Parnas- 
sus' and  'Bclvidere,  or  the  Garden  of  the 
Muses'  (1600).  are  mere  collections  of  quota- 
tions; 'Davison's  Poetical  Rhapsody'  (1602),  is 
of  little  more  importance,  though  tts  selections 
reflect  the  sonnet  vogue.  An  earlier  and  more 
important  book,  'The  Passionate  Pilgrim,  by 
William  Shakespeare'  (1599)  is  clearly  a  mis- 
cellany, as  only  part  of  its  contents,  some  songs 
from  'Love's  Labour's  Lost*  and 


are  by  Shakespeare. 

In  subject  matter  the  earlier  part  of  the 
Elizabethan  age  was  pastoral,  following  the  tone 
set  by  Sidney's  'Arcadia'  (1590).  This  Eliz- 
abethan pastoral,  literary  and  artificial  as  in 
Sanazzarro  and  other  Italian  models,  left  its  im- 
press on  the  incidental  songs  in  the  prose  ro- 
mances. Sidney  himself  was  the  most  zealous 
experimenter  in  classical  metres,  in  the  general 
attempt  that  Gabriel  Harvey  fostered,  to  bring 
English  verse  under  the  laws  of  Latin  prosody. 
Green  and  Lodge,  the  great  writers  of  prose 
romance  after  Sidney,  were  less  pedantic  in 
their  lyrics,  yet  their  songs  have  the  idyllic 
method  of  the  pastoral,  the  method  of  painting. 

The  best  representative  of  this  pastoral 
period  is  Edmund  Spenser  (q.v.).  His  first 
book,  'The  Shepherd's  Calendar'  (1579),  was 
an  imitation  of  the  Virginian  eclogue,  with  the 
same  bookish  flavor  —  here  increased  by  Edward 
Kirke's  commentary'  —  and  with  the  same  alle- 
gorical treatment  of  contemporaries  and  events 
under  the  pastoral  mask;  but  with  an  English 
setting  and  with  English  ideals  that  stamp  the 
book  as  native.  In  'Th  Faerie  Queene'  (1590- 
96)  and  the  'Amoretti'  (li95),  Spenser 
sneaks  also  through  the  pastoral  convention  — 
that  subduing  of  all  things  to  loveliness,  which 
is  the  mark  of  the  world  of  the  Sicilian  Muses. 
The  'Faerie  Queene'  especially,  as  might  be  ex- 
pected from  its  ancestry  in  the  Italian  romantic 
epics,  has  the  irresponsibility  of  pastoral  ro- 
mance-* the  arbitrary  management  of  the  facts 
of  life  as  if  those  facts  themselves  were  a  flex- 
ible language.  The  paradox  of  the  Renaissance, 
of  Elizabethan  literature,  is  illustrated  here  on 
the  largest  scale,  in  the  gorgeous,  archaic  lan- 
guage, the  unreal,  un-English  world  of  the  story 
on  the  one  hand,  and  on  the  other  the  stern 
English  fibre  of  the  ground  theme.  This  same 
blending  of  Italian  imagery  and  expression  with 
English  spirituality  is  seen  in  the  'Epithala- 
mion'  (1595)  and  in  the  'Prothalamion'  and 
the  'Four  Hymns'  (1596). 

The  pastoral  convention,  molded  by  Spen- 
ser, remained  popular,  though  less  characteris- 
tic, in  the  succeeding  decades.  Michael  Dray- 
ton (1563-1631),  remembered  now  for  his  splen- 
did 'Battle  of  Agincourt'  (1605).  and  for  his 
great  sonnet,  'Since  there's  no  help'  (1619), 
wrote  much  in  the  Spenserian  pastoral,  as  did 
William  Browne  (1591-1643).  In  another  way 
also  the  pastoral  habit  of  beauty  was  trans- 
ferred to  poems  not  strictly  pastoral,  such  as 
Shakespeare's  Venus  and  Adonis'  (1593), 
'Lucrece'  (1594),  and  Marlowe's  'Hero  and 
Lcander'  (before  1593),  where  the  convention 
of  old-world  beauty  blends  with  the  Elizabethan 
zest  for  a  story,  evidenced  .more  popularly  in 
the  broadside  ballads.  The  tradition  of  narra- 
tive poetry  was  strong  throughout  the  Tudor 
period,  from  the  '  Mirror  for  Magistrates' 
(1559)  to  Drayton's  'Barons'  Wars'  (1603). 

As  the  first  period  of  Elizabethan  poetry  is 
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pastoral,  so  the  second  period,  roughly  from 
1590  to  1600,  is  marked  by  the  sonnet  fashion. 
The  Italian  sonnet  had  been  introduced  in  de- 
tached imitations  and  translations  by  Wyatt  and 
Surrey  but  the  fashion  of  sonnet  sequences  was 
set  by  Sir  Philip  Sidney's  (1554-66)  'Astro- 
phel  and  Stella,'  published  in  1591,  but  known 
much  earlier.  Sidney  here  followed  Petrarch, 
after  the  example  of  the  innumerable  French 
sonneteers.  His  sonnets,  however,  derive  vital 
and  individual  interest  from  the  circumstances 
of  his  own  love  for  Penelope  Devercux,  a  pas- 
sion as  famed  among  his  contemporaries  as  Pe- 
trarch's love  for  Laura.  His  poems  have  had 
the  not  unprecedented  fate  of  being  called 
merely  literary  in  their  inspiration,  and  it  can- 
not be  denied  that  his  borrowings  were  prob- 
ably many;  yet  in  the  mediaeval  way  he  con- 
sidered himself  sincerely  original,  and  much 
in  his  work  supports  the  claim.  The  amount  of 
actual  incident  that  he  takes  over  from  his  own 
life  is  large,  especially  in  the  noble  sonnets  that 
deal  with  horsemanship  and  knightly  exercise, 
and  his  story  in  one  point  was  radically  differ- 
ent from  Petrarch's  or  Dante's.  His  love  was 
known  and  returned ;  the  bar  between  Penelope 
and  himself  was  one  of  honor,  since  she  was 
married  to  another;  this  lofty  sense  of  this 
kind  of  honor  was  Sidney's  characteristically 
English  contribution  to  the  world-theme  of 
love. 

In  most  cases  the  alove  passioning**  of  Sid- 
ney's imitators  were  of  the  head  rather  than  of 
the  heart.  This  undeniable  note  of  artifice  has 
led  to  serious  doubts  as  to  the  sincerity  of  the 
greater  sequences  —  Sidney's,  Spenser's  and 
Shakespeart's.  With  due  allowance  for  the  un- 
doubted imitations  in  all  three  poets,  it  remains 
true  that  their  sonnets,  as  distinguished  from 
others,  have  the  very  tone  of  sincerity.  It  would 
be  an  interesting  question,  though  hard  to  an- 
swer, whether  through  the  impress  of  similar 
ideals  of  love  and  courtly  behavior,  the  poets 
in  England  and  their  fellows  in  France  had  not 
acquired  for  the  moment  the  same  channels  of 
thought  —  whether  the  similarities  in  their  work 
are  not  frequently  coincidences  rather  than  bor- 
rowings. 

Sidney's  'Astrophel  and  Stella*  had  been 
preceded  by  Thomas  Watson's  'Hekatompathia' 
(1582),  a  series  of  pedantic  poems  on  love 
themes,  which  had  the  respect  but  not  the  imi- 
tation of  his  contemporaries.  In  1592  appeared 
Samuel  Daniel's  (1659-1731)  'Delia,'  in  honor 
of  the  Countess  of  Pembroke,  Sidney's  sister  — 
a  finely  written  series  remembered  for  some 
charming  lines  and  for  the  oft-imitated  "Care- 
charmer  Sleep,"  itself  an  imitation  from  Des- 
portcs.  'Parthcnophil  and  Parthenophe'  (1593) 
by  Barnabe  Barnes  (1569-1609),  though  it  con- 
tains in  its  enormous  mass  some  poems  of 
charm,  is.  clearly  literary  in  inspiration.  Lodge's 
'Phillis,'  in  the  same  year,  reverts  to  the  pas- 
toral background  of  the  romances;  the  sonnets 
have  the  same  charm  as  Lodge's  incidental 
lyrics. 

Spenser's  'Amoretti'  (1595)  record  his  own 
love  story,  and  should  be  read  with  his  beau- 
tiful weddins:  song,  the  'Epithalamion.'  The 
sonnets  exhibit  almost  in  excess  his  sweetness 
of  language  and  his  idyllic,  picture  method; 
there  is  an  all  but  fatal  smoothness  of  sur- 
face that  makes  the  thought  elusive.  But  the 
noble  tone,  the  Platonic  emphasis  on  beauty  of 


soul,  indicates  the  true  Spenser,  and  the  son- 
nets rank  third  among  Elizabethan  series. 

Shakespeare's  'Sonnets,'  printed  in  1609  but 
written  much  earlier,  mark  the  supreme  reach 
of  this  kind  of  writing.  Some  of  the  attention 
they  have  received  comes  from  the  poet's 
greater  fame  as  a  dramatist;  some  of  it  comes 
from  the  mystery  that  still  on  many  sides  en- 
velopes the  sonnets;  but  the  story  itself,  the  con- 
flict of  the  two  angels  of  friendship  and  of  dark 
love,  is  the  most  striking  of  the  sonnet  themes, 
and  the  powerful  directness  with  which  the  sub- 
ject for  the  most  part  is  treated  places  the 
series  above  anything  else  of  its  kind  m  English. 
Natural  as  the  sonnets  seem,  however,  and 
spontaneous  as  the  themes  appear,  yet  compari- 
son with  other  sequences  shows  that  Shakespeare 
assimilated  much  of  his  predecessors;  how  much 
of  his  own  life  is  in  the  story  remains  the 
puzzle  of  his  biographers. 

In  the  years  immediately  following  the  son- 
net-writing, the  characteristic  vehicle  of  Eliza- 
bethan non-dramatic  poetry  was  the  song-book. 
The  manuscript  miscellanies  of  Henry  VIII's 
time  had  contained  the  notes  as  well  as  the 
words  of  songs,  and  the  Elizabethan  period  was 
rich  in  musicians  as  well  as  poets.  In  1588 
Nicholas  Younge  published  his  'Musica  Trans- 
alpina,'  a  collection  of  Italian  madrigals  with 
English  words.  The  madigral  was  a  strict 
musical  form,  a  contrapuntal  part  song,  built  up 
on  many  repetitions  of  a  musical  theme,  and  so 
needing  few  words  —  only  a  short  poem,  or  part 
of  a  longer  one.  With  the  development  of  the 
lute  and  the  growing  popularity  of  lute  music, 
came  the  song  built  on  a  melody,  with  harmon- 
ized accompaniment  —  what  the  Elizabethans 
called  an  Air.  John  Dowland,  the  greatest  of 
the  lutanists,  introduced  this  new  kind  of  song 
in  1597,  in  his  'First  Book  of  Songs  or  Airs,' 
and  the  form  was  perfected,  in  both  words  and 
music,  by  Thomas  Campion  ( — —  ?— 1619)  in 
several  books  of  Airs.  As  the  Air  was  but  a 
short  melody,  repeated  without  change,  it  needed 
for  words  a  short  lyric  of  several  stanzas.  This 
need  encouraged  the  composition  of  short,  finely 
wrought  songs,  frequently  in  the  lighter  vein, 
such  as  Campion  himself  wrote,  and  such  as 
became  a  model  for  Herrick  (q.v.). 

Beginning  with  Wyatt,  there  had  been  a  vein 
of  satire  in  Elizabethan  poetry.  Gascoigne 
(1525-77)  in  his  <Stccl  Glass'  (1576),  Lodge 
in  his  'Fig  for  Momus'  (1595),  Joseph  Hall  in 
his  'Virgidcmiarum'  (1597),  and  Marston  in 
his  'Satires'  (1598),  and  many  lesser  writers, 
kept  the  tradition  alive.  One  other  minor  strain, 
which  was  destined  to  flower  later  into  larger 
expression,  was  religious  verse  —  often  crude 
and  moralizing,  as  in  the  miscellanies,  often 
fantastic,  as  foreshadowing  Donne  (q.v.),  but 
often  devout.  In  Robert  Southwell  (1561- 
95).  this  writing  becomes  passionate  and  of 
the  first  quality.  His  'Saint  Peter's  Complaint' 
(1595)  contains  that  one  poem,  "The  Burning 
Babe,"  that  Ben  Jonson  preferred  to  all  his  own 
work. 

These  are  the  main  forms  of  Elizabethan 
non-dramatic  poetry.  If  we  except  the  'Faerie 
Queene,'  the  genius  of  the  age  is  perhaps  best 
seen  in  the  drama.  But  in  these  other  forms 
the  Elizabethan  mind  preserved  for  us  a  broad 
and  varied  record  of  Us  amazing  power  to  ab- 
sorb the  literary  past,  and  to  feel  deeply  its  own 
experience.  See  English  Literature;  English 
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PROSE 

Elizabethan  prose  has  neither  the  sig- 
nificance nor  the  splendor  of  Elizabethan  poetry. 
The  greatest  masters,  Sidney,  Lyly,  Hooker, 
have  no  supreme  interest  of  matter  or  style;  and 
Bacon  belongs  in  spirit  to  another  age  with 
other  ideals  and  another  ethos.  But  the  shaping 
of  English  speech  as  an  instrument  for  the 
science  and  thought  of  the  17th  century  was  the 
result  of  the  efforts  of  Elizabethan  proscmcn. 
Before  the  period  itself  commences,  the  work 
of  More,  Elyot  and  Latimer,  of  Coverdale,  Tyn- 
dalc  and  the  editors  of  the  English  Prayerbook, 
had  already  brought  a  simple  and  vigorous 
vernacular  into  being;  but  the  ancestors  of 
Augustan  prose  were  the  group  of  Cambridge 
scholars,  Chcke,  Wilson  and  Ascham,  whose 
writings,  with  the  exception  of  the  'Scholc- 
mastcr,'  antedate  the  accession  of  Elizabeth. 
This  group  devoted  considerable  attention  to 
the  study  of  English  rhetoric;  they  aimed  at 
plainness  and  purity  of  speech  and  the  forma- 
tion of  a  literary  vernacular  in  emulation  of 
the  classics;  they  objected  to  archaisms  and 
affectations  of  all  sorts,  and  Wilson's  condemna- 
tion of  "ink-horn  terms*  is  one  of  the  signifi- 
cant loci  of  English  criticism.  The  introduc- 
tion of  classical  studies  as  a  result  of  the  revival 
of  learning  had  necessitated  a  complete  revision 
of  the  mediaeval  curriculum,  and  Ascham's 
'Scholemastcr,*  published  posthumously  in  1570, 
follows  the  fashion  set  by  the  humanists  of 
Italy,  France  and  Germany,  in  a  very  large 
number  of  pedagogical  treatises.  Like  these 
humanists,  it  was  his  purpose  to  indicate  the 
education  necessary  to  a  cultivated  gentleman. 
His  own  prose  style  is  simple  and  direct,  bor- 
rowing the  more  inconspicuous  excellences  of 
Latin  prose.  But  his  mood  is  in  some  respects 
that  of  the  Puritan;  and  in  his  suspicion  of 
romance  and  of  the  growing  Italian  influence, 
he  is  at  odds  with  the  whole  spirit  of  Eliza- 
bethan life  and  letters.  Prose  and  poetry  alike 
were  to  be  saturated  with  the  Italianate  spirit 
which  he  contemns. 

Ascham  is  in  some  measure  the  father  of 
that  whole  school  of  Elizabethan  stylists,  whose 
model  was  "eloquence"  in  the  classical  and 
humanistic  sense,  and  who  disregarded  the 
ornate  and  "aureate*  tendencies  of  Continental 
prose.  The  full  and  rich  notes  of  Hooker  are 
the  final  culmination  of  this  manner.  The  first 
four  books  of  the  *  Ecclesiastical  Polity*  were 
published  in  1594:  several  schools  of  Novella 
Elocutio  had  intervened  since  the  composition 
of  the  'Scholemastcr,'  but  they  have  not 
affected  the  purity  and  directness,  the  calm  and 
judicious  argumentation  of  Hooker's  style  and 
manner.  In  this  gTcat  book,  moderation  and 
passion  temper  each  other  after  the  fashion  of 
the  best  Latin  prose-  and  Hooker  realizes  the 
ambitions  of  the  earlier  English  humanists  who 
had  made  this  their  ultimate  goal.  Other  models 
and  other  ambitions  could  alone  make  it  pos- 
sible to  arrive  at  a  higher  standard  than  that 
which  Hooker  achieves  at  his  best.  Much  of 
the  book  is  unreadable  to-dav,  like  the  technical 
arguments  of  the  Attic  orators;  but  its  soaring 
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passages,  like  theirs,  arc  monuments  of  the  race 
and  religion  whose  ardor  and  conviction  they 
express. 

Directness  and  vigor  were  also  put  to  far 
different  uses  both  in  secular  and  in  religious 
polemics.  Of  the  latter,  the  Martin  Marprel- 
atc  Controversy  relating  to  the  problem  of 
church  discipline,  which  raged  between  1587 
and  1590,  gave  opportunities  which  secular 
pamphleteers  only  too  soon  made  use  of.  The 
significance  of  'Hay  any  work  for  Cooper?' 
and  'Pap  with  a  Hatchet*  has  been  greatly  over- 
rated ;  in  them  the  instrument  which  the  Cam- 
bridge group  had  prepared  for  use  was  blunted 
and  used  as  a  cudgel.  Nor  can  much  more  be 
said  of  the  controversial  writing  of  Nash, 
Greene  and  Harvey,  in  which  is  illustrated  the 
nearest  Elizabethan  approximation  to  modern 
journalism,  but  with  manners  and  morals 
untempercd  by  a  wholesome  or  cultivated  pub- 
lic opinion.  Other  miscellaneous  writings  of 
these  men,  and  of  Dckker,  Breton  and  others, 
are  concerned  with  every  variety  of  subject,  and 
their  models  include  Aretino,  Rabelais,  Dede- 
kind,  as  well  as  other  Continental  writers  of  a 
wholly  different  type. 

Literary  criticism  began  in  this  period  and 
employed  for  the  most  part  the  prose  style 
whose  tradition  goes  back  to  Ascham.    In  con- 
tent and  structure  its   models   were  Italian, 
either  directly  or  through  the  French;  and  its 
significance  consists  in  the  fact  that  it  was  the 
means  of  introducing  literary  ideals  which  had 
been  current  in   Italy  for  nearly  a  century. 
The  group  of  the  Areopagus,  which  parallels 
the  Pleiade  of  France  in  a  few  m&re  or  less 
important  respects,  found  its  highest  critical 
expression  in  the  'Defence  of  Poesy'  of  Sir 
Philip  Sidney,  written  about  1580,  and  pub- 
lished posthumously  in  1595.    Sidney's  ideals  of 
prose  style  are  not  those  of  Ascham,  but  his 
practice  here  is  without  those  excesses  and 
affectations  which  in  the  'Arcadia*  furnish  the 
model  for  a  whole  school  of  imitators.  His 
book  is  an  impassioned  apology  for  the  poetic 
art  against  the  onslaught  of  the  Puritans;  but 
the  objections  which  it  refutes  are  universal, 
and  its  answers  to  these  questions  have  in 
themselves,   too,   the  temper  of  universality. 
There  are  parallels  for  all  its  ideas  in  the  al- 
most contemporary  works  of  Frenchmen  and 
Italians.   They,  too,  from  the  dawn  of  the  Re- 
naissance, as  in  Boccaccio's  'Genealogy  of  the 
Gods,*  which  Sidney  doubtless  knew,  had  writ- 
ten defenses  of  poetry;  but  Sidney's  is  an  Eng- 
lish book,  and  in  its  passion,  unity  and  general 
spirit  seems  the  native  nroduct  of  Elizabethan 
genius.    Puttenham's  'Arte  of  English  Poesie* 
conforms  more  to  the  model  of  the  formal 
treatises  which  the  Italians  devoted  to  the  the- 
ory and  practice  of  poetry.    Its  purpose,  like 
theirs,  is  to  consider  the  whole  range  of  criti- 
cism ;  it  deals  with  the  history,  dignity,  forms, 
metre  and  ornaments  of   poetry-,  continually 
illustrating  the  theory  both  by  example  and  by 
anecdote.   The  critical  work  of  Jonson  be- 
longs to  the  Jacobean  age.  and  its  ideals  and 
its  style  indicate  the  preat  changes  that  had 
taken  place  since  the  'Defence  of  Poesy.'    It  is 
impossible  to  date  the  'Discoveries*  with  any 
degree  of  certainty,  but  no  word  it  contains 
antedates  the  death  of  Elizabeth.    Jonson.  de- 
spite the  fame  of  this  work,  enunciates  no  single 
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original  idea  in  regard  to  the  art  of  literature; 
but  the  luminous  utterances  of  the  later  Latin 
rhetoricians,  and  the  rational  classicism  of  the 
Dutch  critics,  are  alike  embedded  in  bis  robust 
prose,  and  become  an  influence  on  English  crit- 
icism even  after  the  Restoration. 

The  formal  treatise  or  preface  was  the  vehi- 
cle of  criticism  in  the  Elizabethan  Age;  the 
chief  vehicle  which  it  was  to  use  in  future  was 
introduced  into  England  by  Bacon  at  the  very 
end  of  the  16th  century.  Montaigne  is  the 
father  of  the  modern  essay;  and  to  him  Bacon 
owed  the  name  and  a  number  of  definite  ideas. 
But  in  everything  else  no  two  works  could 
differ  more  than  theirs.  The  air  of  loquacity, 
the  personal  anecdote,  the  amused  curiosity,  the 
vivid  imagery  of  Montaigne  are  not  to  be 
sought  for  in  the  essays  of  Bacon.  The  states- 
man utters  his  brooding  thought  in  curt  and 
clipt  sentences ;  Seneca  and  Pliny  here  speak 
English ;  and  the  sententious  manner  enters  our 
speech,  destined  to  saturate  prose  and  verse, 
and  resulting  after  many  changes  in  the  pointed 
couplets  of  Pope.  Each  sentence  is  its  own 
world  and  has  its  own  message.  Bacon,  even 
in  his  scientific  work,  has  been  called  a  mere 
phrase  maker  by  a  modern  scientist  whose  dis- 
tinction in  this  respect  is  not  unlike  his  own; 
in  the  essays  this  power  is  unrestrained  by  the 
need  of  argument  and  experiment.  Emerson  is 
the  great  American  example  of  this  dogmatic 
use  of  the  disjointed  sentence,  and  like  Bacon 
he,  too,  has  fed  deeply  on  the  thought  of  Mon- 
taigne. 

A  wholly  different  ideal  of  prose  style,  dis- 
daining directness  and  simplicity,  was  current 
throughout  the  Elizabethan  Age,  and  found  its 
most  natural  expression  in  the  novel.  Fenton's 
version  of  Bandello,  adapted  through  the 
French,  and  the  varied  collection  of  Painter's 
'Palace  of  Pleasure,'  introduced  the  Italian 
novella  into  England.  Their  interest  is  almost 
wholly  in  the  story,  and  Herodotus  and  Boc- 
caccio are  made  to  speak  the  same  language  of 
fiction.  In  Pettie's  "Petite  Pallace  of  Pettie 
his  Pleasure,'  which  is  modeled  on  the  work 
of  Painter,  a  new  element  intrudes  itself,  and 
the  style  which  culminates  in  Lyly  may  be  said 
to  have  been  inaugurated.  The  sources  of 
Euphuism  have  been  sought  in  individual  works 
of  Continental  literature,  notably  in  those  of 
Guevara;  but  modern  scholarship  finds  in  it 
simply  one  manifestation  of  a  disease  which 
was  rife  throughout  Europe  at  this  period,  as 
a  result  of  the  disintegration  of  Humanism. 
The  excesses  of  the  Ciceronians  find  a  parallel 
in  the  antithetical  balance  of  Lyle's  sentences; 
and  the  absurd  imagery  was  a  natural  result 
of  a  literature  which  had  exhausted  its  content 
and  sought  for  originality  in  affectation  of  man- 
ner. This  explains  the  kindred  writings  on 
the  Continent ;  and  although  English  prose  was 
young,  it  could  not  fail  to  be  affected  by  these 
influences.  The  well-known  marks  of  euphu- 
ism, the  so-called  •parisonic  antithesis,'  the 
'unnatural  natural  history,*  and- the  like,  may 
all  be  explained  on  these  grounds.  'Euphues' 
itself  is  m  some  senses  a  novel  of  psychology 
and  character  rather  than  of  incident;  but  its 
chief  purpose  is  the  fashioning  of  a  perfect 
gentleman  after  the  manner  of  Castiglione's 
'Courtier.'  Here  Lyly's  purpose  meets  Spen- 
ser's; and  'Euphues'  may  be  considered  as  the 
connecting  link  between  the  purely  pedagogical 
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treatise  like  the  'Scholemaster'  and  the  final 
poetic  idealisation  of  Renaissance  education  in 
the  'Faerie  Queene.'  The  vogue  of  Euphuism 
is  indicated  by  the  number  of  its  imitators ;  but 
it  is  unnecessary  to  consider  the  forms  which 
Euphuistic  romance  assumed  at  the  hands  of 
Lodge,  Greene  and  others. 

Sidney  is  credited  by  his  contemporaries, 
notably  Drayton,  with  having  put  an  end  to 
this  fashion;  but  if  the  'Arcadia*  is  referred  to, 
it  can  only  be  said  that  one  affectation  has  suc- 
ceeded another.  The  'Arcadia,'  which  has 
come  down  to  us  as  a  large,  posthumous  frag- 
ment, is  the  chief  representative  in  English  of 
the  pastoralizcd  romance.  It  owes  much  to 
Herberay  des  Essarts's  French  version  of  the 
'Amadis  of  Gaul,'  and  something  to  the 
'Diana'  of  Montemayor;  in  it  the  Renaissance 
transmutations  of  Greek  romance  find  a  climax. 
The  mannerisms  of  Sidney's  style  are  not  those 
of  the  archaic  or  affected  word,  nor  of  "un- 
natural natural  history,"  nor  of  alliterative 
antithesis;  but  the  exaggerated  imagery,  the 
pomp,  the  prettincss  of  the  Spanish  romances 
are  mingled  in  the  'Arcadia'  in  an  inextricable 
jungle  of  sentence  and  paragraph.  Its  vices  arc 
those  of  conceptismo  rather  than  of  the  paral- 
lel Spanish  vice  of  culteranismo.  The  mild  and 
modulated  Ciceronianism  of  Hooker,  and  all 
of  Latin  ehquentia  that  Cheke  and  Ascham  had 
hoped  to  introduce  into  English  speech,  are 
wholly  absent  The  'Unfortunate  Traveller' 
of  Nash  may  be  mentioned  as  an  indication  of 
a  tendency  antipodal  to  the  chivalric  pastoral- 
ism  of  Sidney;  it  introduces  in  a  racier  style  a 
picaresque  experiment  in  English  fiction  be- 
tween the  period  of  'Guzman'  and  'Lazarillo.' 
But  the  novelist  and  the  preacher  in  general 
succumbed  to  the  temptations  of  the  ornate 
style:  the  novel  throughout  the  period  of  its 
origins  was  tainted  with  Euphuism  or  Arcad'an- 
ism,  and  pulpit  orator)-  acquired  a  definite  man- 
nerism, which  persisted  until  Eachard,  Glanvill 
and  other  pamphleteers  ridiculed  it  out  of 
existence. 

With  the  accession  of  James  I  Jacobean 
erudition  and  science  superseded  the  creative 
impulse  of  the  Elizabethans.  Bacon  and  Jon- 
son  represent  the  new  sententious  manner  at 
its  best;  other  writers  lose  themselves  in  a  sea 
of  detail;  still  others  add  a  hectic  fervor  to 
thought  or  feeling.  But  these  things  do  not 
properly  belong  to  the  Elizabethan  spirit.  The 
opposition  of  the  vernacular  and  ornate  styles; 
the  inauguration  of  formal  criticism  and  prose 
fiction;  the  passion  for  controversy:  these  are 
the  main  impulses  of  Elizabethan  prose. 
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ENGLISH  LITERATURE,  Victorian 
Period.  The  name  •Victorian*  is  popularly 
given  in  honor  of  the  late  Queen  Victoria 
(1819-1901),  and  the  literature  designated 
by  that  adjective  is  roughly  coincident 
with  her  reign  (1837-1901),  and  is  limited 
to  England.  The  death  of  Scott  (1832) 
is  commonly  taken  as  the  most  con- 
venient date  for  fixing  the  term  to  the  brilliant 
literary  movement  of  the  last  years  of  the  18th 
century  and  the  early  decades  of  the  19th :  and, 
from  this  point  of  view,  Victorian  literature 
stands  for  the  new  literary  impulses  that  suc- 
ceeded the  decline  of  the  great  work  of  Bums, 
Cowper,  Wordsworth,  Coleridge,  Byron,  Shel- 
ley, Keats,  Scott  and  their  contemporaries. 
The  literary  movement  of  the  Victorian  period 
may  best  be  defined  by  the  main  tendencies  in 
poetry,  prose  and  the  drama. 

POETRY  AMD  PROSE. 

Poetry.— The  first,  the  most  popular,  and  the 
most  prolific  poets  of  the  period  were  Alfred 
Tennyson  and  Robert  Browning.  Three  main 
interests  may  be  observed  in  their  work  and 
that  of  their  contemporaries  and  successors. 
The  ideal  interest  in  humanity,  best  represented 
in  the  preceding  epoch  by  Shelley,  found  its 
most  vivid  expression  in  Browning,  whose 
work,  at  first  written  under  the  spell  of  the 
great  lyric  poet,  early  took  on  those  traits  of 
vigorous  interest  in  the  experiences  of  man- 
k:nd  which  are  the  source  of  its  originality  and 
popularity.  Browning's  poems  are  distinguished 
for  their  pervasive  feeling  for  the  moods  and 
the  experiences  of  many  people  of  all  ages  and 
for  the  dramatic  vigor  of  their  expression.  In 
these  respects  he  represents  a  very  important 
movement  of  the  century,  and  many  of  the 
same  characterises  inform  the  poetry  of  his 
wife.  Elizabeth  Barrett  Browning. 

In  the  second  place,  the  serious  moral  poetry 
of  Wordsworth,  the  poetry  *of  man,  of  nature 
and  of  human  life*  justly  celebrated  as  one  of 
the  chief  glories  of  English  literature,  had  a 
legitimate  successor  in  the  Rrrave,  reflective 
poetry  of  Matthew  Arnold  and  Arthur  Hugh 
Clough.  They  began  writing  a  few  years  later 
than  Tennyson  and  Browning.  Like  many  of 
their  contemporaries,  of  whom  they  are  the 
best  mouthpieces,  they  were  oppressed  hv  the 
melancholy  of  life,  and,  to  a  greater  decree  than 
their  literary  prototype,  they  deal  with  morals, 
with  duty,  with  the  vanity  of  human  effort  and 
with  "the  eternal  note  of  sadness."  Their 
poetrv.  particularly  that  of  Arnold,  is  brilliant 
in  style  and  finely  finished,  and  a  high  place  is 
accorded  to  them  as  exponents  of  the  graver 
and  more  solemn  side  of  the  poetrv  of  the  cen- 
tury. Their  temper  is  expressed  in  a  more 
sentimental  strain  in  such  poets  as  Arthur 
O'ShmiRhncssy. 

Contemporaneous  with  the  decline  of  this 
impulse,  which  spent  itself  in  the  endeavor  to 


express  some  solution  of  the  enigma  of  exist- 
ence, there  arose  the  third  school  of  poets,  who, 
foregoing  this  quest,  gave  themselves  up  to 
the  search  for  beauty  of  form  and  sentiment, 
who  busied  themselves  with  the  retelling  of  old 
talcs,  who  were  concerned  with  romance,  and 
who  strove,  for  the  most  part,'  to  recreate  a 
picturesque  and  ideal  world.  Three  names 
stand  out  conspicuously;  the  painter-poet, 
Dante  Gabriel  Rossetti;  William  Morris,  poet, 
story-teller,  socialist  and  manufacturer;  and 
Algernon  Charles  Swinburne.  With  them  is  to 
be  named  Christina  Rossetti,  sister  of  D  G 
Rossetti. 

In  some  respects,  Tennyson  more  than  any 
other  poet  of  the  century  is  representative  of 
these  three  groups.  Beginning,  in  his  first 
volume  (1827),  under  the  spell  of  Keats,  he 
had  within  a  decade  produced  much  original 
work  and  by  1860  established  his  reputation  as 
the  best-beloved  poet  in  England.  In  much 
of  his  earlier  work,  he  treated  subjects  from 
human  life  not  unlike  those  of  Browning, 
though  with  more  calm  and  repression  and 
less  lively  vigor.  The  ethical  ideas  of  his  time 
found,  as  in  Arnold  and  Clough,  a  current  and 
lasting  expression  in  many  of  his  shorter  lyrics, 
such  as  'The  Two  Voices'  and  'Locksley  Hall,' 
as  well  as  in  the  longer  'In  Memoriam'  (1850) 
and  as  'Idylls  of  the  King'  (1858-).  Through- 
out his  poetical  career,  Tennyson  was  a  most 
distinguished  and  careful  workman,  and  in  this 
respect  he  is  akin  to  the  poets  who  were 
spoken  of  in  the  third  group,  as,  like  them,  he 
is,  in  some  respects,  a  reteller  of  tales.  Unlike 
them,  however,  an  ethical  and  not  chiefly  an 
aesthetic  motive  is  dominant  in  him. 

Besides  these  chief  poets,  there  should  be 
mentioned  William  Barnes,  the  painter  of  the 
homely  life  of  Dorsetshire;  two  distinguished 
writers  of  vers  de  sociiti,  Frederick  Locker- 
Lamson  and  Charles  Stuart  Calverly;  Tenny- 
son's own  less  celebrated  brothers,  Frederick 
Tennyson  and  Charles  Tennyson  Turner,  Cov- 
entry Patmore  and  many  other  poets  who  have 
written  in  a  touching  way  of  simple  things'; 
and  above  all,  Edward  Fitzgerald,  whose  trans- 
lation of  the  'Ruhaiyat*  of  Omar  Khayyam  is 
not  only  classical  in  its  finish  but  also  not  un- 
representative of  much  of  the  melancholy  of 
the  poetry  of  the  century.  Of  contemporary 
English  poets,  the  greatest  amount  of  popular 
fame  has  fallen  to  Mr.  Rudyard  KipKng. 

Prose. —  Important  as  is  the  poetry  of  the 
era,  it  is  many  way*  surpassed  by  the  amount 
and  richness  of  the  prose.  During  the  period 
the  great  popular  form  of  imaginative  litera- 
ture was  the  novel.  Sir  Walter  Scott,  in  the 
preceding  part  of  the  century,  did  more  than 
any  one  else  in  the  history  of  English  literature 
to  establish  the  widespread  vogue  of  fiction, 
and  in  the  field  of  historical  romance  he  re- 
mains an  object  of  the  detracting  enyy  and  real 
despair  of  his  successors.  The  main  develop- 
ment of  the  novel  in  the  Victorian  period  was, 
however,  along  a  different  line  from  that  es- 
tablished by  Scott,  whose  more  immediate  suc- 
cessor. Edward  Bulwer-Lvtton,  a  prolific  writer, 
marked  a  decadence  of  the  romance  from  the 
standard  of  the  preat  master.  Rather  the  novel 
developed  according  to  the  principles  laid  down 
nnd  exemplified  by  the  great  writers  of  the  18th 
century.  Richardson,  Fielding  and  Smollett,  and 
brilliantly  carried  on  in  the  early  19th  century 
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by  Maria  Edgeworth  and  Jane  Austen.  Ac- 
cordingly the  great  fiction  of  the  Victorian 
period  is  largely  realistic  in  tendency.  The 
most  brilliant  and  most  popular,  as  well  as  the 
earliest  of  the  men  of  the  period,  was  Charles 
Dickens,  who,  in  the  type  of  storv  and  the 
method  of  narrative,  followed  the  school  of 
LeSage  and  Smollett,  but  added  to  the  English 
novel,  considered  as  a  whole,,  a  new  kind  of 
buoyant  humor  and  a  warm  and  polemic  hatred 
of  wrongdoing  and  oppression.  Almost  con- 
temporary, though  flowering  later  and  declining 
earlier,  was  William  Mak  epcace  Thackeray, 
often  spoken  of  as  the  chief  of  English  novel- 
ists. Like  that  of  Dickens,  his  material  was 
largely  drawn  from  contemporary  life,  but  he 
wrote  of  higher  social  strata,  and  viewed  his 
world  more  as  a  panorama,  calmlv  and  with 
less  personal  intensity  and  less  polemic  sense. 
Almost  contemporary  with  the  finest  work  of 
these  masters,  was  represented  a  very  different 
and  highly  original  impulse  in  Charlotte  Bronte, 
whose  <Jane  Eyre'  (1847)  is  the  prototype  of 
the  intense  personal  novel  from  time  to  time 
in  vogue. 

Of  the  tvpes  of  material  furnished  by  these 
novelists,  that  represented  by  the  humanistic 
novels  of  Dickens  was  the  most  conspicuous  in 
the  group  of  slightly  less  great  novelists  of 
this  early  Victorian  period.  The  purposeful 
spirit  found  a  very  interesting  expression  in 
the  religio-historical,  and  modern  ethical,  novels 
of  Charles  Kingsley,  the  gist  of  whose  teach- 
ing is  that  no  earthly  happiness  exists,  save  in 
the  surrender  of  self  to  the  faith  of  Christianity 
(understood  in  an  Anglican  sense)  ;  in  Eliza- 
beth Gaskell,  whose  classic  and  charming  <Cran- 
ford'  (1865)  is  less  representative  of  her  in- 
terest in  social  questions  than  such  earlier 
novels  as  'Mary  Barton >  (1848);  and  in  the 
vigorous  and  voluminous  Charles  Reade,  who, 
besides  being  a  writer  of  historical  fiction,  was 
also  a  vehement  champion  of  the  oppressed  and 
a  challenger  of  injustice.  These  writers  were, 
in  many  respects,  akin  to  .Dickens.  The  most 
distinguished  representative  of  the  more  realis- 
tic school,  in  many  respects  a  follower  of 
Thackeray,  was  Anthony  Trollope,  a  writer  of 
pleasant  stories  of  English  life,  and  one  of  the 
most  consistent  of  the  realists. 

Charlotte  Bronte  and  her  sisters  may  be 
called  specialists  in  representing  emotional  in- 
tensity. The  term  "specialist*  may  also  be 
applied  to  several  writers  of  the  carlv  Victorian 
period.  Frederick  Marryat  was  a  specialist  in 
the  writing  of  sea-stones,  and  some  of  his 
nautical  creations  are  famous.  Charles  Lever 
dealt  chiefly  with  the  military  hero.  An  inter- 
esting picture  of  the  out-of-the-way  life  of 
peasants  and  gypsies  is  to  be  had  in  the  works 
of  George  Borrow.  A  nopular  writer  on  school 
and  college  life  was  Thomas  Hughes.  There 
may  be  named  also  Benjamin  Disraeli,  G.  P.  R. 
James,  Samuel  Lover,  and  of  a  somewhat  later 
period,  contemporary  with  George  Eliot,  Rich- 
ard Doddridge  Blackmorc  and  Margaret  Oli- 
phant. 

Since  the  time  of  the  great  panoramic  novel- 
ists of  the  early  Victorian  period,  the  novel 
has  tended  to  specialization,  such  as  has  been 
described,  though  of  a  larger  kind.  Among 
writers  belonging  to  the  so-called  later  Victorian 
period,  stands  out  the  name  of  the  great  special- 
ist in  states  of  the  human  mind,  in  questions  of 


duty,  in  ethics,  "George  Eliot0  (Marian  Evans 
Cross).  Though  in  one  or  two  novels,  as 
'Middlemarch'  (1871-72),  she  attains  the  pan- 
oramic view  and  produces  classical  types,  her 
interest  was  chiefly  centred  in  the  problems 
mentioned,  which  she  illustrated,  for  the  most 
part,  in  the  lives  of  people  of  humble  and  rural 
circumstance.  Her  artistic  aim  was  to  make  in- 
teresting the  life  of  the  lowly.  Contemporary 
with  her,  but  continuing  his  production  down 
to  a  much  later  date,  was  Mr.  George  Meredith. 
In  a  series  of  powerful  novels,  he  exhibited 
various  phases  of  human  temperament,  and  has 
tried  to  express  what  is  most  native  and 
fundamental  to  human  action.  He  was  the 
foremost  living  English  novelist  of  the  day 
with  the  possible  exception  of  Mr.  Thomas 
Hardy,  who  is  still  with  us ;  the  latter  however, 
has,  in  a  long  series  of  brilliant  novels,  been  less 
concerned  with  the  problems  of  the  individual 
soul  and  the  expression  of  types  of  human 
temperament,  than  with  the  workings  of  an 
external  and  unaccountable  chance  and  caprice 
in  human  destiny,  and  in  th  s  respect,  as  in 
his  beautiful  pictures  of  rural  life,  Hardy  also 
is  a  great  specialist.  With  them,  in  a  totally 
different  field,  that  of  the  romance  built  on 
the  tradition  of  Scott,  but  embodying  more 
allegorical  and  figurative  elements,  is  Robert 
Louis  Stevenson.  The  most  brilliant  and  popu- 
lar work  of  Mr.  Rudyard  Kipling  also  belongs 
to  this  period. 

Quite  as  important  and  striking  as  either 
the  poetrv  or  the  fiction  of  the  Victorian  period 
is  the  large  body  of  humanistic,  critical  and 
scientific  prose  that  is  regarded  by  Victorian 
writers  as  among  the  chief  glories  of  English 
literature.  During  the  period,  the  essay  form, 
owing  largely  to  the  growing  prevalence  of 
magazines  and  reviews,  was,  and  still  is,  in 
vogue,  but  it  was  used  more  and  more  widely 
for  other  than  strictly  literary  purposes.  There 
have  been  practically  no  important  successors  of 
such  essayists  as  Lamb.  Hazlitt  and  DcQuincey 
(who,  like  Landor,  falls  also  within  the  early 
Victorian  period).  The  ancestry  of  the  litera- 
ture of  1830-1900  is  rather  to  be  traced  back, 
in  humanism,  to  Burke  and  the  French  Revolu- 
tion, with  some  diffusion  and  dispersion;  in 
criticism,  to  Coleridge;  in  history,  to  Gibbon; 
in  economics,  to  Adam  Smith  and  Bcntham ; 
in  science  and  philosophy,  to  Hume  and  Ben- 
tham ;  with  the  infusion,  from  time  to  time,  of 
ideas  from  Germany. 

This  last  was  the  initial  source  of  inspira- 
tion of  one  of  the  greatest  humanists  of  the 
century,  Thomas  Carlvle.  Beginning  with 
translations  of  German  writers  and  essays  and 
excursions  into  German  ideas.  Carlvle,  not  far 
from  the  opening  of  the  reign  of  Victoria,  be- 
came at  once  the  prophet  and  the  scourge  of 
his  countrymen.  Moved  bv  the  same  spectacle 
that  had  stirred  Dickens  and  Kingsley,  he  pro- 
ceeded somewhat  illogicallv  but  verv  eloquently 
to  demonstrate  the  futility  of  contemporary 
institutions,  to  decry  the  impotence  of  the 
democracy,  and  to  point  ont  the  one  way  of 
salvation,  the  dominance  of  the  *hero>  whom  he 
illustrated  in  several  important  works,  as 
"Heroes  and  Hero-WorshtV  (1841);  'Crom- 
well* (1815);  and  (The  History  of  Friedrich 
P  (1858-65).  It  would  be  wrong  to  say  that 
the  mantle  of  Eliiah  fell  upon  the  Elisha  of 
John  Ruskin,  for  the  careers  of  the  two  overlap 
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by  many  years.  But  Ruskin  continued  vehe- 
mently the  task  of  upbraiding  his  countrymen 
for  their  failure  to  observe  what  was  of  good 
report.  Starting  his  career  as  a  critic  of  art, 
and  trying  to  reform  the  taste  and  the  aesthetic 
manners  of  the  time  and  to  lead  his  readers 
back  to  a  true  idea  of  the  beautiful  and  the 
good,  he,  by  the  middle  of  his  career,  'Unto 
This  Last'  (1860),  broadened  the  scope  of  his 
interests  so  that  they  included  economic  and 
social,  as  well  as  literary  and  artistic,  questions. 
His  influence  has  been  very  widely  diffused,  like 
that  of  Carlylc,  and  their  contemporary  human- 
ist, Emerson.  A  third  great  chastiscr  of  the 
evil  which  men  do  and  think  was  Matthew 
Arnold,  already  mentioned  as  a  poet.  From 
about  1870  to  1880,  his  literary  energies,  origi- 
nally devoted  to  poetry  and  next  to  literary 
criticism,  were  directed  toward  trying. to  make 
his  stubborn  island  countrymen  think  rightly  on 
political,  litcrar>r  and  religious  matters  in  ac- 
cord with  that  formula  which  he  continually 
characterized  as  "culture." 

W  ith  these  spiritual  guides  is  to  be  named 
the  great  humanist,  the  friend  and  contemporary 
of  Carlylc,  John  Stuart  Mill,  who,  besides  being 
an  admirable  technical  student  and  expounder 
of  logic  and  political  economy,  attempted  to 
disseminate  the  principles  of  moderation,  of 
justice,  of  right  reason,  and  in  all  his  works,  as 
in  his  famous  essays  'On  Liberty'  (1859)  and 
'The  Subjection  of  Women*  (1869),  sowed  the 
seed  of  righteousness.  For  a  discussion  of 
Mill's  work  as  an  economist  and  a  philosopher, 
the  general  articles  and  the  special  article  on 
Mill  should  be  consulted,  since  it  is  out  of  the 
province  of  the  present  article  to  touch  on 
scientific  studies  of  the  century  except  in  so 
far  as  they  relate  to  literature. 

The  humanistic  movement  in  its  earlier 
phases  is  often  regarded  as  an  aspect  of  what 
is  called,  for  the  purposes  of  classification,  the 
romantic  movement,  the  impulse,  that  is,  which 
expressed  the  desire  for  individual  expansion 
rather  than  the  submission  to  the  limits  im- 
posed by  authority,  and  which  implied  the 
manumission  of  the  human  spirit  and  intellect 
from  current  and  traditional  bonds.  In  the 
religious  field,  the  so-called  Oxford  Movement 
of  1833-41  is  sometimes  called  romantic  in 
that  it  was  the  work  of  a  few  young  men  who 
revolted  at  the  religious  custom  of  the  time 
and  endeavored  to  re-establish  an  earlier,  and 
as  they  conceived  it,  a  purer  form  of  belief  and 
worship.  The  Oxford  Movement  received  at 
once  its  best  exposition  and  severest  criticism 
in  the  controversial  autobiography  of  the 
originator  of  the  movement,  'The  Apologia 
Pro  Vita  Sua*  of  John  Henry  Newman,  written 
in  defense  of  his  conversion  to  Catholicism. 
Newman  stands  in  English  literature  as  one  of 
the  great  masters  of  finished  prose  of  a  formal 
but  winning  cast  and  as  a  specialist  in  some- 
what technical  religious  controversy.  The 
orthodox  Anglican  feeling  of  the  time  is  best 
represented  in  the  sermons  and  writings  of 
Frederick  Denison  Maurice,  Frederick  Wil- 
liam Robertson  and  Charles  Kingsley,  the 
novelist. 

The  more  strictly  critical  movement,  as  re- 
lated to  literature,  goes  back  to  Coleridge  and 
Germany.  The  dogmatic  manner  and  air  of 
finalitv  which  distinguished  the  pronouncements 
of   the   Edinburgh  and  Quarterly  reviewers, 


found  its  descendant  chiefly  in  the  common- 
sense  criticism  of  Macaulay.  Most  of  the 
critics  of  the  early  decades  of  the  century, 
Lamb,  Hazlitt,  De  Quincey  and  others,  were, 
in  one  way  or  another,  frankly  personal  or  de- 
liberative rather  than  ex  cathedra  in  their  atti- 
tude, and  in  Coleridge  criticism  tended  to  the 
ascertaining  and  expounding  of  principles 
rather  than  the  assertion  of  dogmas.  The 
early  work  of  Carlyle,  the  next  important  critic 
after  the  group  just  named,  was  largely  critical, 
and  it  busied  itself  with  the  exposition  and  in- 
terpretation of  Schiller,  Goethe,  Richter  and 
other  contemporary  German  writers,  for  the 
benefit  of  his  countrymen.  Carlylc,  however, 
was  too  busy  exploiting  the  doctrine  of  the 
"hero"  and  sounding  the  sins  of  his  fellow  men 
to  become  a  literary  critic  of  lasting  influence. 
The  main  stream  of  critical  tendency,  up  to  the 
time  of  the  modern  scientific  and  philological 
schools,  had  sprung  from  the  stimulating  power 
of  the  German-derived  Coleridgeianism.  The 
chief  tenets  of  that  influence  were  the  casting 
aside  of  authority  in  favor  of  appreciation :  any- 
work  of  art  contained  in  itself  the  reason  why 
it  was  good:  and  consequently  an  author's  pur- 
pose, his  range,  his  total  production  and  his 
vogue  were  things  to  be  taken  into  considera- 
tion. This  principle  passed  naturally  in  the 
later  Victorian  period  to  the  criticism  of  types, 
wherein  criticism  tended  to  become  character- 
ization rather  than  censure  or  commendation. 
Two  great  critics  are  illustrative  of  the 
tendency:  Walter  Bagehot  (1826-88),  unex- 
celled for  the  vigor  and  brilliancy  of  his  char- 
acterizations of  types  of  mind  and  art,  and 
Walter  Pater  (1839-94),  the  polished  ex- 
pounder of  artistic  personality.  The  same 
tendencies,  with  different  material  and  different 
emphasis,  are  to  be  observed  in  the  work  of 
such  distinguished  modern  critics  as  Leslie 
Stephen,  John  Addington  Symonds,  Viscount 
Morlcy  (1838-),  and  others.  Matthew  Arnold, 
poet  and  humanist,  second  to  none  in  import- 
ance as  a  critic,  represents  a  reaction  in  favor 
of  a  more  abstract  and  ideal  standard.  His- 
torically important  as  having  done  much  to  en- 
large the  confines  of  English  criticism  and  to 
rid  it  of  insularity,  he,  nevertheless,  was  at 
variance  with  his  contemporaries  (as  in  matters 
of  religion  and  politics)  in  asking  for  more 
authority  and  standardization  of  judgment, 
which  standard  is  largely  a  matter  of  his  own 
predilection. 

Much  of  the  critical  study  of  literature 
during  the  period  was  dominated  by  the  histori- 
cal and  the  scientific  method.  That  aspect  of 
criticism,  except  in  such  invaluable  work  as 
Stephen's  'Dictionary  of  National  Biography' 
and  other  excellent  biographical  works,  is.  how- 
ever, less  important  in  the  field  of  literature 
proper  than  that  of  history  and  science.  Thoueh 
these  subjects  do  not  properly  enter  into  the 
present  article,  they  are  so  important  that  men- 
tion of  them  cannot  be  wholly  ignored.  In 
history,  besides  such  men  as  Carlyle,  who  wrote 
histories,  and  Symonds.  the  historian  of  the 
'Renaissance,'  there  were,  in  the  Victorian 
period,  since  the  time  of  Hallam,  such  dis- 
tinguished names  as  Milman,  Grote,  Macaulay, 
Harriet  Martineau,  Kinglake.  Froude.  Buckle. 
Freeman,  Gardiner,  J.  R.  Green,  Lecky  and 
Viscount  Brvce.  In  philosophy  and  science 
the  names  of  Lyell  and  Spencer  are 
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and  the  theory  of  natural  selection  as  presented 
by  Darwin  and  expounded  by  Huxley  has  pro- 
foundly influenced  the  whole  train  of  19th  cen- 
tury thought  since  the  publication  of  'The 
Origin  of  Soecies'  (1859). 

Bibliography. —  References  are  so  numerous 
that  it  is  impossible  for  the  preceding  and  the 
following  section  to  make  more  than  a  general 
reference  to  the  lists  contained  under  the  arti- 
cles on  the  writers  specifically  named,  though 
such  books  as  Saintsbury's  'History  of  Nine- 
teenth Century  Literature';  Stedman's  'Victo- 
rian Poets';  Stopford  Brooke's  'English  Liter- 
ature'; Palgrave's  'Golden  Treasury'  (second 
series),  and  G.  K.  Chesterton's  'Victorian  Lit- 
erature' may  be  cited. 

William  T.  Brewster, 
Professor  of  English,  Columbia  University. 

DRAMA. 

At  the  beginning  of  the  Victorian  period, 
the  English  stage  was  still  contentedly  support- 
ing the  traditions  of  two  preceding  centuries. 
The. objects  and  methods  of  both  actors  and 
plays  were  practically  the  same  as  they  had  been 
at  the  Restoration.   In  both,  the  rhetorical  style 
prevailed.    The  two  Patent  theatres  created  by 
Charles  II  still  had  the  sole  privilege  of  play- 
ing the  legitimate  drama,  and  Macready  was 
striving  to  perpetuate  the  histrionic  tradition 
which  went  back  through  Edmund  Kean  and 
John  Kemblc,  to  Garrick  and  to  Betterton.  The 
plays  themselves  still  kept,  with  slight  modifi- 
cations, notably  in  the  direction  of  morality,  to 
the  Restoration  models,  of  comedy  which  de- 
rived from  Moliere  with  a  slight  infusion  of 
Jonson ;   and  of   tragedy   which   was  either 
Elizabethan   simple   or   Elizabethan  Restora- 
tionized.     Since  Goldsmith  and  Sheridan,  lit- 
erature  had   showed  a   widening  separation 
from  the   stage  which  almost  to  their  time 
had  been   its  chief   mouthpiece.     This  had 
been  mainly  brought  about  by  the  great  ex- 
tension of  journalism  and,  later,  by  the  signal 
success  of  the  novel  in  the  hands  of  Scott. 
These  two  forms  of  literary  endeavor  were 
offering  larger  and  securer  returns  than  play- 
making,  and  thus  naturally  drew  away  from  the 
theatre  men  of  mark  and  left  only  the  adapters 
and  the  hacks.    Such  was  the  position  at  the 
outset  of  Victoria's  reign.    Dramatic  history 
during  her  reign  is,  until  the  very  latter  end  of 
it,  one  rather  of  movements  than  of  men.  The 
changes  which  were  to  take  place  during  her 
occupation  were  brought  about  by  social,  eco- 
nomic and  physical,  as  well  as  literary  forces; 
for  more  than  any  other  artistic  activity,  the 
stage  is   responsive  to  the  conditions  under 
which  it  exists.    These  changes  embraced  the 
decay  of  the  old  traditions,  the  even  wider  sepa- 
ration of  the  stage  from  literature,  the  birth  of 
a  new  drama  followed  by  a  partial  return  of 
literature  to  the  stage,  and  finally  the  growth  of 
a  serious  conception  of  the  drama  as  a  criticism 
of  life,  a  conception  already  achieved  by  other 
European  nations. 

London,  during  the  first  40  years  of  the  cen- 
tury, had  more  than  doubled  its  population, 
and.  a*,  a  result,  the  Patent  theatres  were  on  all 
sides  encroached  upon  bv  minor  theatres  wh'ch. 
in  spite  of  their  legal  disabilities,  proved  for- 
m'dablc  rivals.  When  the  Act  of  1843  abolished 
the  privilege  of  the  Patent  theatres,  an  era  of 
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more  active  competition  began.  This  compe- 
tition naturally  relied  upon  display  as  its  best 
means  of  advertisement;  and  the  invention  of 
gas  and  lime-light  about  the  same  period— in- 
ventions of  great  significance  to  the  stage— con- 
firmed the  universal  tendency  toward  the 
spectacular  treatment  of  plays.  Inevitably  there 
set  in  the  decline  of  the  rhetorical  drama,  the 
appeal  of  which,  on  a  poorly-lighted  stage, 
was  primarily  to  the  ear  and  not  to  the  eye. 
Meanwhile  another  cause  was  contributing  not 
only  to  destroy  the  rhetorical  tradition  but  to 
widen  the  gap  between  literary  men  and  the 
theatre.  What  small  demand  there  was  for 
original  work  would  doubtless  have  in  time 
recalled  writers  from  the  novel  and  the  news- 
paper, but  unfortunately  the  demand,  just  be- 
ginning to  be  felt  in  the  early  Victorian  period, 
was  checkmated  by  an  outside  influence.  The 
Romantic  revival  in  France  had  suddenly  broken 
away  from  the  frigid  classicism,  so  unattractive 
to  English  audiences,  and  Hugo  had  ushered 
in  a  kind  of  play  which  the  English  found 
more  to  their  taste.  These  new  plays  proved 
easily  imitable  and  adaptable  in  London,  but 
the  hab't  of  importation  did  not  become  whole- 
sale until  the  advent  of  Scribe.  Scribe  perfected 
the  mechanics  of  story-telling  in  dramatic  form, 
and  in  so  doing  largely  deleted  everything  else 
from  a  play  —  witty  dialogue,  atmosphere,  local- 
ity, and  characterization.  Thus  his  plays,  being 
simply  stories,  could  be  given  anywhere  with 
equal  effect,  and  as  London  managers  could  get 
them  for  nothing,  his  output  and  that  of  his 
school  became  an  inexhaustible  storehouse  for 
adaotation. 

The  result  upon  the  home  product  was  two- 
fold. It  reduced  to  a  minimum  the  meagre  band 
of  English  writers,  and  those  that  remained  no 
longer  even  attempted  to  represent  English  life 
and  thought.  Instead,  they  provided  for  the 
public  an  impossible  milange  of  French  ideas 
aud  emotions  served  up  in  British  dishes.  In 
the  second  place,  the  adaptation  and  imitation  of 
Scribe's  methods  proved  the  finishing  blow  to 
the  moribund  rhetorical  conception  of  comedy 
by  bringing  in  a  French  realism  of  mounting 
and  stage-setting.  When  a  stage  room  had 
three  sides,  a  ceiling  and  real  doors,  many 
conventions  of  action  and  dialogue,  unnoticed 
when  an  interior  consisted  only  of  wings  and  a 
back-drop  with  painted  chairs,  became  ridicu- 
lous and  unendurable.  Thus  gradually  a  new 
ideal  was  developed,  by  whicn  the  play  was 
forced  to  move  a  little  nearer  to  the  life  now 
in  a  material  way  presented  with  considerable 
reality.  Internally,  however,  the  plays  remained 
as  artificial  as  they  had  been  before,  their  char- 
acters puppets  impelled  by  theatrical  and  ab- 
surd sentiments  and  exhibiting  the  crudest  of 
psychologies.  The  main  dramatists  of  the  per- 
iod which  this  development  closes  were  Bulwer, 
Tom  Taylor  and  Charles  Reade,  and  Dion  Bou- 
cicault.  Bulwer,  under  the  influence  of  the 
Romantic  revival  in  France,  produced  'The 
Lady  of  Lyons*  and  'Richelieu,'  and  his  com- 
edy 'Money*  shared  the  distinction  of  being 
the  last  representation  of  rhetorical  comedy 
with  Boucicault's  'London  Assurance'  and  'Old 
Heads  and  Young  Hearts,'  with  Taylor  and 
Reade's  'Masks  and  Faces.'  and  with  Taylor's 
'Still  Waters  Run  Deep.'  Boucicault,  the  arch- 
adapter  and  plagiarist  of  the  period,  had  the 
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good  fortune  to  hit  upon  a  type  of  his  own  in 
his  series  of  very  successful  Irish  plays,  but 
they  are  no  nearer  real  studies  of  life  than  the 
others  of  the  period.  The  predominance  of 
Scribe  and  his  school  had  paralyzed  native 
authorship. 

Into  this  lifeless  world  came  T.  \V.  Robert- 
son —  a  dramatist  whose  pleasant  work  has  no 
great  intrinsic  value,  although  he  possessed  a 
strain  of  original  genius  —  to  create  a  new  form 
of  dTama.  It  ignored  not  only  the  old  rhetor- 
ical tradition  but  the  new  French-English  mon- 
grel species.  It  was  merely  the  comcd>  of 
manners,  clothed  in  natural  speech  and  realistic 
setting,  but  it  seemed  absolutely  original  and 
spontaneous.  It  viewed  the  commonplace  so- 
cial relations  from  the  outside,  with  a  naivety 
and  humor  which  disguised  to  an  unsophisti- 
cated public  the  insipidity  of  its  characters  and 
the  shallowness  of  their  sentiments.  Though 
he  brought  new  life  to  the  drama,  fortunately 
his  school,  represented  by  H.  J.  Byron  and  Al- 
bery,  did  not  long  survive  him,  else  the  stage 
would  have  found  itself  in  almost  as  lifeless 
a  way  as  when  he  rescued  it  and  with  an  artifi- 
ciality different  from,  yet  as  great  as,  that 
against  which  he  effectively  protested. 

Though  W.  S.  Gilbert  could  not  be  called  a 
follower  of  Robertson,  he  made  the  same  pro- 
test against  the  fustian  of  the  stage,  and  car- 
ried on  the  verbal  flippancy  which  had  vied 
with  sentimentality  in  the  latter's  plays.  So 
thoroughly  original  was  he  that  onlv  the  ad- 
jective G'lbertian  can  cover  the  precise  blend 
of  wit,  delicate  fancy,  satire  and  extravaganza, 
which  achieved  some  brilliant  successes  on  the 
legitimate  stage  and  which  finally  secured  the 
aid  of  musical  accompaniment  in  a  long  series 
of  comic  operas  that  stand,  like  their  author, 
in  a  class  apart 

In  spite  of  Robertson  and  Gilbert,  however, 
the  theatre  lapsed  again  into  a  period  of  adapta- 
tion from  France.  But  there,  meanwhile,  had 
sprung  up  a  larger  type  of  social  drama  than 
that  of  Scribe. —  a  type  of  which  'Diplomacy* 
is  an  illustration, —  and  imitation  of  this  wider 
species  was  less  deadening ^  than  the  former 
had  been.  When,  however,  international  copy- 
right was  at  last  secured  and  French  works 
could  no  longer  be  adapted  for  nothing,  the 
effect  of  fair  play  for  the  English  dramatist  was 
seen  almost  immediately.  >  A  group  of  young 
writers  arose  who.  beginning  as  imitators,  were 
soon  applying  French  methods  to  original  and 
nat've  purposes.  Of  this  group,  Mr.  A.  W. 
Pinero  and  Mr.  H.  A.  Jones  were  pre-eminent. 
They  sought  their  material  at  home  and,  ob- 
serving carefully,  reproduced  sincerely.  An- 
other decade  had  to  pass  in  experiment  before 
these  men  really  undertook  a  drama  which 
evinced  anything  like  a  serious  psvcholoev  and 
a  vital  relationship  with  life.  Not  until  1890 
did  they  dispense  with  elementary  love-idylls 
and  the  k;nd  of  story  which  had  been  up  to  that 
time  inevitable  to  every  nlay.  or  set  out  defi- 
nitely for  a  more  thoughtful  and  virile  drama 
covering  the  fiHd  of  social  intercourse.  Fol- 
lowing their  lead,  Oscar  Wilde  and  Mr.  Ber- 
nard Shaw  developed  the  social  comedy  into 
a  more  serious  rontcnt.  Wilde's  pyrotechnic 
brilliance  of  dialogue  and  inverted  epieram 
concealed  at  first  his  genuine  dramatic  quality 
and  adroit  constructiveness  as  a  playwright. 


Mr.  Shaw  took  up  the  stage  as  a  lively  form  of 
presenting  himself  and  his  social  propaganda, 
but,  though  his  brilliant  plays  hardly  succeed 
as  drama,  there  can  be  no  question  of  their 
success  with  the  public  and  as  literature. 
These  men  with  Mr.  Pinero  and  Mr.  Jones 
have  once  more  elevated  the  English  drama 
not  only  to  the  level  of  Continental  drama  but 
of  the  literature  of  their  own  land. 

The  poetic  drama  during  the  reign  is  repre- 
sented by  Westland  Marston,  Talfourd.  Brown- 
ing and  Tennyson.  The  formal  dramas  of  the 
first  two  are  long  forgotten.  Masterly  as  are 
some  of  Browning's  plays,  they  seem  remote 
from  the  purpose  of  the  stage,  and  when  some 
of  them  got  there  it  was  discovered  that  they 
could  be  only  recited,  not  acted:  at  any  rate, 
they  can  be  successful,  if  at  all,  only  in  the 
manner  of  the  rhetorical  tradition  for  which 
they  were  conceived.  Tennyson's  plays,  al- 
though loosely  constructed  in  the  loosest  of 
Elizabethan  formulas  —  the  chronicle  history.— 
have  been  acted  with  considerable  success. 
This  was  due,  no  doubt,  to  the  circumstances  of 
their  production,  for  his  fine  verse  lacks  vigor 
and  he  has  not  seized  upon  the  essential  mo- 
ments of  his  stories,  the  crucial  parts  of  most 
of  his  dramas  taking  place  behind  the  scenes. 
In  'Queen  Mary'  and  < Harold,'  however,  he 
presented  genuine  dramatic  material.  If  the 
taste  for  the  poetic  play  can  be  revived  in  the 
future,  it  must  be  as  drama  first  and  poetry 
afterward,  and  drama  conceived  in  a  modern 
rather  than  Shakespearian  type. 

Algernon  Tassin, 
Lecturer  in  English.  Columbia  University. 

ENGLISH  MAIL  COACH,  The.  Thomas 
De  Quincry's  'The  English  Mail  Coach' 
consists  of  three  sections,  the  first  of  which 
appeared  in  Blackwood's  Edinburgh  Maga- 
zine in  October  1849,  with  the  added  title, 
'On  the  Glory  of  Motion,'  and  with  no  intima- 
tion that  more  was  to  follow.  In  December 
appeared  what  the  author  subsequently,  in  the 
collective  edition  of  his  writings,  called  'Section 

II,  The  Vision  of  Sudden  Death,'  and  'Section 

III,  Dream-Fugue;  Founded  on  the  Preceding 
Theme  of  Sudden  Death.'  It  would  seem  that 
the  'Dream-Fugue'  was  composed  in  1844 
(when  De  Quincey  had  virtually  conquered  the 
opium  habit),  and  the  two  introductory  sections 
five  years  later;  these  are.  then,  subordinate  to 
the_ 'Dream-Fugue,'  which  is  a  specimen  of  De 
Quincey's  rhythmical,  'impassioned*  prose  — 
the  medium  which,  for  his  special  purnose,  he 
preferred  to  metre.  'The  English  Mail  Coach' 
being  a  kind  of  sequel  to  'The  Confessions  of 
an  English  Opium-Eater,'  the  'Dream  Fugue,' 
as  the  author  would  have  us  believe,  constitutes 
one  of  the  poetical  dreams,  full  of  beauty  and 
terror,  which  arose  from  his  indulgence  in 
opium,  though  based  upon  actual  occurrences  in 
his  life.  Accordingly,  in  Section  I,  his  experi- 
ences while  a  student  at  Oxford,  traveling  to 
and  fro  bv  coach  during  the  time  of  the  Napo- 
leonic war,  are  related,  with  much  circumstance 
and  digression,  in  a  less  imnassioned  style :  if 
Section  IT  is  recounted  an  accident  on  the  h*gh 
road,  in  which  a  young  man  and  girl  in  a  frail 
carriage  narrowly  escape  destruction  from  th" 
flving  mail  roach;  and  in  Section  III  SMt^rs- 
tions  from  these  themes  are  elaborated  in  a 
highly  ornate  style,  the  *music*  of  which  is  in- 
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deed  beautiful,  though  the  value  of  the  content 
is  slight.  The  allusions  to  Waterloo,  and  to 
the  way  the  news  of  the  battle  spread  through 
England,  give  the  document  an  interest  for  the 
historian.  Consult  Hart's  edition  of  'The  Eng- 
lish Mail  Coach'  (New  York  1893)  j  and  Cooper, 
♦The  Prose  Poetry  of  Thomas  De  Quincey* 
(Leipzig  1902).  ^  ^ 

ENGLISH    MERCURY.     See  Chf.no- 

PODIUM. 

ENGLISH  PALE,  the  name  formerly  ap- 
plied to  extraterritorial  districts  in  Ireland, 
Scotland  and  France,  staked  off  by  pales  or 
poles  from  the  surrounding  country,  .marking 
definite  boundaries,  these  districts  being  gov- 
erned by  special  laws.  The  pale  in  Ireland  was 
established  in  the  reign  of  Henry  II;  its  ex- 
tent varied  under  different  kings;  from  the 
time  of  Henry  VIII  until  the  subjugation  by 
Cromwell,  it  comprised  most  of  the  modern 
counties  of  Dublin.  Louth,  Meath.  and  Kil- 
dare.  In  1558  the  "English"  or  "Calais  Pale" 
in  France  extended  from  Gravclincs  to  Wissant. 
An  English  Pale  also  existed  in  Scotland, 
for  a  short  period  under  the  Tudors.   See  Pai.e, 

ENGLISH  POETRY,  Spasmodic  School 

of,  an  epithet  first  applied  to  Byronic  verse  by 
Carlyle,  and  subsequently  by  Professor  Wil- 
liam Edmonstoune  Aytoun  to  a  group  of  minor 
poets  of  the  middle  19th  century.  The  school 
was  said  to  include  Philip  James  Bailey,  Syd- 
ney Thompson  Dobcll,  Alexander  Smith, 
George  Gilfillan,  John  Stanyan  Bigg,  and  ac- 
cording to  some  critics,  Gerald  Massey  and  even 
Swinburne.  The  Byronic  "weltschmerz,"  world- 
pain  or  cosmic  agony,  spasmodic  strivings  after 
unattainable  ideals,  discontent  with  life  and  its 
mysteries,  sceptical  disquietude,  vain  effort  and 
resentment  against  unrewarded  labors,  charac- 
terized their  writings,  which,  however,  were 
frequently  marked  by  passages  of  considerable 
merit,  and  were  a  faithful  reflection  of  a  strug- 
gling phase  of  contemporary  thought.  In  'Fir- 
milian :  A  Spasmodic  Tragedy,'  Professor  Ay- 
toun in  1854  attacked  and  parodied  the  writ- 
ings of  the  school  with  considerable  success, 
ridiculing  their  subjects  and  imitating  their 
ponderous  style,  especially  the  works  of  Bailey. 
Dobell  and  Alexander  Smith.  See  biographical 
articles  of  the  writers  mentioned  and  consult 
Martin,  (Sir)  T..  'Memoir  of  W.  E.  Aytoun' 
(London  1867). 

ENGLISH  SNIPE,  a  name  frequently 
used  for  the  common  American  snipe  or  Wil- 
son's Snipe  (Gollinago  Deiuata).  There  is, 
however,  an  English  snipe  proper  (Gallinago 
Gollinago) ,  which  is  almost  indistinguishable 
from  the  former  and  has  its  habitat  in  the  north 
of  Europe.   See  Snipe. 

ENGLISH    SPARROW.      See  Hnt'SE 

SPARROW. 

ENGLISH  TAPESTRIES.  See  Tapes- 
tries. 

ENGLISH  VERSIONS.  See  Bibj.k. 

ENGLISHRY,  or  ENGLESCHERIE,  an 

old  Norman  law  term,  which  originated  after 
the  invasion  of  England  hy  William  the  Con- 
queror to  designate  the  identity  of  a  person 
found  slain,  as  a  native.  If  the  body  was  un- 
identified, the  law  presumed  that  the  person 


was  a  Norman,  vindictively  slain,  and  where 
found,  the  community  of  100  was  fined.  If 
the  Englishry  of  the  victim  was  established, 
the  fine  was  remitted. 

ENGRAFTING.   See  Graftage. 

ENGRAILED,  a  heraldic  term  used  to 
designate  a  line  made  up  of  concave  semi-cir- 
cles.  Sec  Heraldry. 

ENGRAVINGS.  For  humanity's  great 
indebtedness  to  the  art  of  pictorial  reproduc- 
tion it  would  be  difficult  to  claim  too  much. 
Next  in  importance  to  the  art  of  printing,  as  an 
aid  in  the  history  of  the  advance  of  civilization, 
certainly  comes  that  of  illustrating.  The 
growth  in  the  art  of  the  manifold  reproduction 
of  pictures  is  one  of  great  interest,  as  well  as 
importance,  and  many  books  have  been  dedi- 
cated to  an  exposition  of  our  best  engravers 
and  their  productions,  known  to  the  connois- 
seur as  "prints."  And  among  connoisseurs  of 
art  their  collections  of  prints  hold  a  very  favor- 
able position. 

Etching. —  This  process  is  carried  out  on  a 
copper  plate  having  its  upper  surface  highly 
polished.  This  plate  is  heated- and  then  coated 
with  an  acid-resisting  substance,  usually  a  mix- 
ture of  burgundy-pitch,  asphaltum  and  beeswax. 
Cold  applications  of  certain  pastes  composed  of 
materials  dissolved  in  oil  of  lavender  or  chlo- 
roform are  sometimes  used.  The  plate  next 
receives  a  coating  of  lamp-black.  This  prepared 
plate  has  the  drawing  scratched  through  the  sur- 
face coating  by  means  of  etching-needles.  All 
work  is  drawn  in  reverse  (negative)  of  the 
actual  desired  impression.  The  back  of  the 
plate  is  next  coated  with  vamish  (the  process 
is  termed  "stopping-out").  Now  the  plate  is 
immersed  in  an  acid  for  the  process  of  "biting 
in."  Those  lines  which  are  to  remain  the  finest 
are  stopped  out  by  varnish  early,  then  the  plate 
is  returned  to  the  acid  bath  to  attain  'the  deep 
black  lines.'  When  the  process  has  been  car- 
ried on  till  the  artist  is  satisfied  with  the  condi- 
tion, the  vamish  and  wax  are  cleaned  off  and 
the  plate  is  ready  for  the  press.  Next  the 
entire  upper  surface  of  the  plate  is  coated  with 
ink,  the  channels  made  by  the  acid  being  also 
filled;  then  the  ink  on  the  upper  surface  is 
cleaned  and  a  copper-plate  press  takes  an  im- 
pression (called  a  "print")  on  damp  paper. 
Dry-point  Etching  is  done  by  engraving  the 
design  directly  into  the  metal  with  a  needle 
(using  no  acid).  This  scratching  of  a  furrow 
leaves  a  "burr"  (or  raised  ridge  of  the  erased 
metal)  on  either  side  of  the  channel;  the  effect 
of  this  burr  on  the  impression  is  characteristic 
of  a  dry-point  print.  Etching,  unlike  engraving 
with  a  "burin*  (graver)  is  done  as  rapidly  as 
the  genius  of  ihe  operator  permits,  and  there- 
fore is  a  process  frequently  used  by  painters. 
Among  the  early  painter-etchers  were  Albert 
Diirer,  Lucas  van  Leyden,  Vandyck,  Rem- 
brandt,  Agostino,  etc.  Rembrandt  was  the 
first  exponent  of  the  art  of  etching  (17th  cen- 
tury) besides  producing  the  grandest  work 
known.  Among  other  well-known  early  etchers 
were  Van  Vliet,  Ostade,  Paul  Potter,  etc 
In  England  were  Barlow.  Gaywood,  Hollar, 
Place:  and  in  France,  Callot,  Bosse,  etc.  In 
the  18th  century  were  Hogarth,  Claude  Gelee, 
Guido  Reni,  Canaletto,  etc  In  the  19th  cen- 
tury were  such  masters  as  Ingres,  Corot, 
Meryon,  Jacquemart,  Seymour  Haden,  McNeil 
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Whistler,  Joseph  Pennell.  Most  noted  of  etch- 
ings are,  probably,  those  from  the  drawings  of 
Claude,  reproduced  by  Richard  Earlom  in  the 
great  'Liber  Veritatis'  (1740-1822). 

Wood  Engraving. —  Here  the  technique  is 
just  the  reverse  of  etching,  inasmuch  as  the 
parts  to  appear  in  black  or  color  are  left  the 
height  of  the  surface,  while  the  background 
(white)  is  cut  away.  Our  earliest  woodcuts 
are  German  (middle  15th  century)  and  the 
practice  grew  up  with  the  sister  art  of  printing. 
Albrecht  Durer  and  Hans  Holbein  greatly 
aided  the  advancement.  To  the  early  school 
of  wood  engravers  belong  such  names  as 
Lucas  Cranach,  the  Behams,  Lucas  van  Leyden, 
Altdorfer,  Burgkmair,  Baldung,  Ammon,  etc. 
The  1 7th  century  witnessed  the  decadence  of 
wood  engraving,  but  in  the  18ih  century  it 
was  revived.  The  early  workers  had  engraved 
on  the  plank  or  with  the  grain;  in  the  re- 
vival a  modern  method  of  engraving  across 
the  grain  on  boxwood  blocks  was  used.  The 
•white  line*  now  appears,  produced  by  means 
of  making  cuts  into  the  wood  surface.  Thomas 
Bewick  (1758-1828)  was  one  of  its  earliest  ex- 
ponents. The  prints  of  this  period  show 
clearly  the  merits  of  the  changed  system,  allow- 
ing such  delicate  treatment.  Among  its  expo- 
nents are  Whymper,  Baxter,  Thompson,  Lin- 
ton, Harvey,  etc,  in  England;  Vogel,  Ungel- 
mann,  Krctchncr,  Pfnorr,  Weber,  etc.,  in  Ger- 
many; the  Pannemakcrs,  You,  Pisan,  Colin, 
Valloton,  etc.,  in  France;  Vcldhcer,  Nieuen- 
kampf,  etc.,  in  Holland.  But  another  process  of 
wood  engraving  was  brought  about  by  the  fact 
that  wash  drawings  on  the  block  permitted  light 
and  shade  effect  to  be  engraved  through  the 
painting.  This  soon  put  the  original  work  in 
the  hands  of  draughtsmen  to  be  engraved  by 
what  soon  became  an  artisan  engraver  class. 
Decadence  set  in  and  the  first  half  of  the  19th 
century  found  its  art  work  done  in  the  metal 
(steel).  Periodicals  (started  by  the  Illustrated 
London  News,  in  1842)  brought  back  work 
again  to  the  engravers  -as  wood  engravers,  be- 
cause they  could  put  wooden  engravings  on  the 
press  with  the  type,  whereas  the  metal  plate 
engraving  had  to  be  printed  from  separately. 
The  Victorian  School  of  wood  engravers  arose 
from  illustrated  volumes  on  India  paper  for 
which  such  artists  as  Rossetti,  Millais  Hughes, 
etc.,  did  drawings  on  the  block  and  ^facsimile* 
work  was  done  by  such  geniuses  of  interpreta- 
tion as  the  Dalzicl  brothers  and  Swain.  Birket 
Foster  did  fine  drawings  as  did  also  North, 
Lawless,  Small,  Boyd,  Houghton,  Sandys ;  even 
Burne-Joncs  and  Whistler  did  a  few.  Noted 
19th  century  wood  engravers  were  Roberts, 
Thomas,  Babbage,  Comfort,  Cooper,  etc.  Fur- 
nishing drawings  from  artists  quickly  led  to 
photographing  the  picture  on  the  block  and 
reproducing  directly  (in  positive).  But  wood 
was  not  adapted  to  stand  the  heavy  wear  in 
producing  prints  on  a  large,  popular  scale, 
hence  metal  casts  were  invented  to-prcserve  the 
original  ( cliche"  s  they  were  termed).  In  Amer- 
ica, Harper's  Magazine  and,  later,  the  Century 
helped  the  cause  of  the  wood  engraver  and  they 
did  better  justice  to  the  artists'  originals,  bring- 
ing out  the  tones  displayed  in  chalk  or  wash 
drawing. 

Line  Engraving.— Here  the  enfrravinsr  is 
done  by  a  graver  (burin)  of  prism  form  which 
•coops  out  a  strip  of  the  metal  nearly  free  from 


•burr,"  and  easily  scraped.  After  cutting  out 
all  the  lines  that  go  to  make  up  the  picture,  ink 
is  applied,  filling  up  the  lines.  Then  the  sur- 
face is  cleaned  and  an  impression  (called  a 

frint)  is  taken  on  damp  paper  on  the  press. 
,ine  engraving  is  a  15th  century  invention  of 
the  Italian  goldsmiths,  who  themselves  were 
artists,  and  did  fine  line  engravings.  In  Flor- 
ence were  Botticelli,  Baldini,  Fra  Lippi,  Ro- 
bctta.  Andrea  Mantegna  worked  in  Padua; 
Marc  Antoni  in  Bologna;  Francesco  Francia 
in  Venice;  Raimondi  in  Rome,  etc  Clever 
line  engravers  in  Germany  were  Albrecht 
Durer,  the  van  Mechen»,  Schongauer,  Aide- 
grave,  Altdorfer,  the  Behams,  Pencz,  etc. ;  and 
in  Holland  Rubens  and  Vandvck,  with  their 
pupils.  In  England  were  Holl,  Pelaram, 
Payne,  Cecil,  the  Audrans,  Nantcuil.  Roullct, 
etc.  Also  numerous  18th  and  19th  century 
engravers  did  fine  work  all  over  Europe. 

Stipple  Engraving. —  This  process  consists 
of  producing  a  scries  of  dots  so  related  to  one 
another  as  to  size  and  distance  that  the  com- 
bination produces  the  desired  picture.  The 
usual  method  is  to  produce  the  marks  by  etch- 
ing, to  be  further  manipulated  with  a  specially 
prepared  graver.  While  a  pure  stipple  engrav- 
ing consists  of  dots  solely,  the  line  engraver 
frequently  used  the  stippling  method  to  obtain 
softness  in  flesh  shading.  Crayon  drawings 
were  in  vogue  late  in  the  18th  century  so  that 
stipple  engraving  (best  suited)  was  quite  com- 
mon then  in  reproducing  the  crayon  cartoons 
of  Fragonard,  Watteau,  etc.  The  greatest  ex- 
ponents of  this  style  were  Francisco  Bartolozzi 
(1725-1815)  and  his  school.  Stippling  never 
found  much  favor  on  the  Continent.  Wynne 
specialized  largely  on  Angelica,  Kaufmann  on 
drawings  and  portraits;  other  noted  names  are 
Bond.  Bromley,  Chcesman,  Blake,  Picart,  Stod- 
dart,  the  Holls,  Heath,  etc. 

Steel  Engraving.—  The  introduction  of  soft 
steel  (1822)  by  Thomas  Lupton  for  engraving 
mezzotints  brought  with  it  two  changes.  Com- 
mercially the  plate  was  more  profitable,  pro- 
ducing about  three  times  as  many  impressions 
as  the  copper;  and  the  harder  metal  permitted 
much  more  minute  and  delicate  work  to  be 
done.  To  the  untrained  eye  the  difference  in 
ordinary  line  work  is  very  slight.  The  incision 
of  the  tool  is  less  deep  in  the  harder  metal  for- 
bidding the  bold  gradations  of  line  that  copper 
permits.  In  etching  the  ink  does  not  produce 
from  steel  as  artistic  an  impression  as  from  cop- 
per and  is  easily  recognizable.  In  mezzotints 
the  steel  medium  produces  a  "thinness"  not 
seen  in  copper  work.  Most  steel  engravings 
are  done  by  etching  and  later  improved  by  the 
graver.  The  stages  ('trial  states*)  through 
which  a  steel  engraving  progresses  to  a  finish 
are  so  widely  apart  that  the  work  was  fre- 
quently divided  among  several  engravers,  each 
having  his  special  part.  This  commercialization 
soon  brought  decadence,  the  work  becoming  me- 
chanical. Work  of  good  merit  was  done  by  the 
followinp,  among  others,  engravers:  Fittler, 
Heath,  Smith.  Bromley,  Danforth,  Doo,  Good- 
all,  Raimbach.  Holl,  Le  Kcux,  Findcn,  Great- 
bach,  etc.  The  later  invention  of  giving  a  steel 
coating  to  a  finished  copper  plate  engraving 
made  the  old  medium  as  commercially  produc- 
tive as  the  steel,  and  soon  ended  the  career  of 
the  latter. 
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Turner  Prints. —  The  great  engravings 
■after  Turner*  are  generally  treated  to  a  spe- 
cial classification.  The  great  painter  Joseph 
Mallord  William  Turner  (1775-1851)  cud  en- 
tirely finished  engravings  himself  but  in  most 
cases  confined  himself  to  outlines  of  the  repro- 
ductions of  his  own  drawings,  and  left  the  con- 
tinuation (always  under  his  close  supervision, 
however)  to  other  engravers.  •Turner  prints* 
range  from  1794  to  1856  (five  years  after  his 
death.  The  most  noted  collection  is  a  series  of 
71,  engraved  for  his  great  'Liber  Studiorum.' 
Assisting  him  were  such  engravers  as  Basire, 
Pye,  Dunkarton,  Qint,  Lupton,  etc.  Turner's 
medium  was  mezzotint.  Another  noted  series 
is  his  'Southern  Coast,*  Whitaker's  History  of 
Richmondshire,'  etc. 

Mezzotints. —  In  this  process  the  plate  is 
given  an  immeasurable  number  of  small  "burrs* 
or  sharp  projections.  This  work  is  termed 
•grounding*  and  is  done  with  a  'cradle*  or 


•rocker,*  an  instrument  consisting  of  a  curved 
blade  similar  to  a  cheese  cutter.  This  is  rocked 
from  one  side  of  the  plate  to  the  other  and  its 
teeth  create  a  jagged  line  (termed  *way*). 
Starting  at  the  top  the  €ways°  are  made  in 
parallel  till  the  last  one  reaches  the  bottom  of 
the  plate.  Next  these  rough  lines  are  made 
from  top  to  bottom,  at  right  angles  to  the 
last  ones,  then  others  are  done  diagonally  at 
every  possible  angle  gradation.  The  picture  is 
produced  on  this  roughened  surface  by  tooling 
away  the  burrs  for  the  lights  with  a  'scraper* ; 
the  high  lights  being  next  brought  out  by  pol- 
ishing parts  with  a  ■burnisher.*  The  method 
allows  great  delicacy  in  "tones*  closely  similar 
to  those  of  a  painting.  The  process  was  in- 
vented by  Ludwig  von  Siegcn  (1640).  Noted 
mezzotint  engravers  were  Sherwin,  Place, 
Blooteling,  Vandcrvaart,  Beckett,  Faithorne, 
Lutterel,  Simon.  Pelham,  Beard,  McArdell, 
Houston,  Miller,  Spooner,  Purcell,  Frye,  Green, 
Earlom,  etc. 

Aquatints. —  In  this  process  the  surface  of 
the  plate  is  prepared  with  a  "ground*  of  resin 
of  finely  granulated  consistence.  The  drawing 
is  done  with  the  penetration  of  the  etching 
needle  exposing  the  plate  to  the  acid.  The 
beauty  of  the  aquatint  depends  upon  the  various 
depths  to  which  the  acid  bites  into  the  metal. 
Certain  parts  are  "stopped  out*  with  the  resist- 
ing substance  (where  only  shallow  lines  are 
desired)  early  in  the  bath,  the  plate  being  again 
immersed  for  deeper  lines,  then  other  lines 
■stopped  out,*  and  the  plate  returned  to  the 
acid.  This  process  is  continued  for  perhaps  a 
dozen  bitings,  each  application  creating  another 
tone.  When  finished  the  work  resembles  an 
Indian  ink  drawing.  Noted  workers  in  this 
method  were  Le  Prince,  Malton.  Stadler, 
Lewis,  Sutherland,  Turner  (C),  Metz,  Havell, 
Prout,  F.  Goya,  Delacroix,  etc. 

Bibliography.— Havdcn,  A..  'Chats  on  Old 
Prints'  (New  York  1906)  ;  Hind,  A.  M.,  <A 
Short  History  of  Engraving  and  Etching* 
(Boston  1908)  ;  Mabcrly,  J.,  'The  Print  Col- 
lector* (New  York  1880) ;  Richter,  E.  H 
'Prints*  (Boston  1914)  ;  Wcdmore,  F.,  'Fine 
Prints'  (New  York  1897)  ;  Weitenkampf.  F, 
'Prints  and  Their  Production:  a  List  of  Works 
in  the  New  York  Library*  (New  York  1916). 
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ENGROSSING,  in  law,  an  act  which,  on 
statute  books,  when  the  natural  laws  of  trade 
were  little  understood,  and  political  economy 
not  even  guessed  at,  was  set  down  as  a  crime. 
It  consisted  in  something  similar  to  what  now- 
adays is  known  as  *cornering  the  market*  by 
buying  up  the  crops  or  the  herds  wholesale  (Fr. 
en  gros)  before  they  were  fit  for  use,  in  order 
to  retail  them  at  a  great  profit  when  they  ma- 
tured and  were  available  for  consumption.  The 
offense  was  not  only  a  statutory  offense  in  Eng- 
land, but  a  crime  in  common  law,  and  from  the 
time  of  Edward  VI  to  that  of  Queen  Anne  laws 
were  repeatedly  passed  for  its  repression. 
Even  in  the  last  century  a  prosecution  for  en- 
grossing was  witnessed  in  an  English  law  court. 
In  1844  all  English,  Irish  and  Scottish  statutes, 
in  respect  to  the  offenses  known  as  forestalling, 
engrossing  and  rcgrating,  or  retailing  at  a 
profit,  were  repealed.  In  more  recent  times 
there  has  been  a  good  deal  of  litigation  in  the 
United  States,  andmuch  discussion  all  over  the 
civilized  world  with  regard  to  the  legality  of 
corporations  formed  for  the  express  purpose  of 
monopolizing  the  trade  in  certain  necessities  or 
luxuries  of  life.  (See  Combination;  Monop- 
oly; Restraint  of  Trade;  Trusts).  Consult 
Cunningham,  W.,  'The  Growth  of  English  In- 
dustry and  Commerce*  (3  vols.,  Cambridge 
1903-12)  ;  Girdlcr,  J.  S.,  'Observations  on  the 
Pernicious  Consequences  of  Forestalling,  Re- 
grating  and  Ingrossing,  etc.*  (London  1800)  ; 
Illingworth,  W.,  'An  Inquiry  into  the  Laws, 
Ancient  and  Modern,  Respecting  Forestalling, 
Regrating  and  Ingrossing,  etc'  (London  1800)  ; 
Marwick,  Sir  J.  D.,  'On  Forestalling,  Rcgrat- 
ing and  Engrossing,  etc*  (in  Society  of  Anti- 
quaries of  Scotland,  Proceedings.  Session  1902- 
03,  Vol.  XXXVII,  pp.  145-159,  Edinburgh  1903). 

The  term  is  also  used  to  denote  the  careful 
transcription  of  a  deed  statute,  or  other  legal 
document  in  large  hand;  and  is  often  applied, 
in  the  United  States,  to  the  final  and  certified 
copy  of  a  statute,  which  is  ready  to  be  signed 
by  the  President,  or  the  governor  of  a  State. 

ENHARMONIC  (from  Gr.  h-aPHov,Kor  in 
accord).  In  modern  music  a  general  term  to 
denote  a  difference  in  degree  but  not  in  pitch, 
though  specifically  there  is  a  slight  variation  of 
pitch,  which  the  same  note  takes  according  to 
its  adjustment  to  a  fundamental  tonic.  Thus 
C  #  and  D  b  are  practically  the  same  note 
on  keyed  instruments,  yet  strictly  speaking,  the 
former  should  be  produced  by  15-16  of  the 
whole  string  sounded,  the  latter  by  9-10.  An 
enharmonic  change  of  key,  that  is  shifting  from 
one  scale  to  another,  as  in  transposing  C  # 
to  D  often  enables  a  composer  to  write 
more  easily  by  avoiding  recurrent  accidentals. 
In  ancient  Greek  the  enharmonic  mode  was  dis- 
tinguished by  the  use  of  small  intervals  or 
quarter  tones,  such  as  the  tetrachord  of  which 
the  first  two  steps  were  quarter  steps  and  the 
third  a  major  third.    See  Mode. 

ENHUBER,  enhoo'ber,  Karl  von,  German 
painter :  b.  Hof ,  Bavaria.  16  Dec.  181 1 ;  d. 
Munich,  6  July  1867.  He  studied  at  Munich,  at 
first  being  known  as  an  animal  painter  and 
later  applying  himself  to  romantic  and  humor- 
ous themes,  being  especially  felicitous  in  depict- 
ing the  peasantry  of  Upper  Bavaria.  Among 
his  works  are  'The  Dying  Gunner* ;  'Poachers* ; 
'Smoking  Boy* ;  'Interrupted  Game  of  Cards* ; 
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*  Munich  Burgher  Guardsman';  *  Grandfather's 
Delight';  'Wood  Carver  in  His  Shop*;  and 
'Stage  Coach  at  the  Tavern.' 

ENID,  the  wife  of  Geraint  in  Tennyson's 
'Idylls  of  the  King'  (q.v.).  She  is  upheld  as 
a  model  of  conjugal  fidelity. 

ENID,  Okla.,  city  and  county-seat  of  Gar- 
field County.  3bVi  miles  north  by  east  of  King- 
fisher and  88  miles  by  rail  west  by  north  of  Okla- 
homa City,  on  the  Chicago,  Rock  Island  and 
Pacific,  the  Atchison,  Topcka  and  Santa  Fe, 
and  the  Saint  Louis  and  San  Francisco  rail- 
roads. It  is  a  banking  city;  owns  its  water- 
works, and  adopted  in  1909  the  commission 
form  of  government.  It  contains  a  College  of 
Fine  Arts,  Saint  Francis  Institute,  Phillips  Uni- 
versity, a  business  college,  a  State  institution 
for  the  insane,  an  excellent  high  school,  a 
Carnegie  library,  courthouse,  two  hospitals, 
Federal  buildings,  opera  house,  etc.  Among  the 
industrial  establishments  arc  tile  and  iron  works, 
sash  and  door  factory,  electric  supplies,  nursery, 
marble  works,  washing  machine  factory,  metal 
silo  factory,  planing  and  flour  mills,  bottling 
works,  manufactories  of  binders,  candy,  bricks, 
corn-seeders,  steel  posts,  boilers  and  rugs.  The 
United  States  census  of  manufactures  for  1914 
showed  within  the  city  limits  45  industrial  es- 
tablishments of  factory  grade,  employing  383 
persons;  276  being  wage-earners  receiving  an- 
nually a  total  of  $175,000  in  wages.  The  capi- 
tal invested  aggregated  $1,667,000  and  the 
year's  output  was  valued  at  $2,611,000:  of  this, 
$563,000  was  the  value  added  by  manufacture. 
There  arc  two  parks.  Enid  is  situated  in  a  rich 
agricultural  section  and  is  one  of  the  largest 
poultry  centres  west  of  the  Mississippi,  shipping 
in  1913  more  than  $3,000,000  worth  of  poultry 
and  eggs.  Underneath  the  city  from  35  to  45 
feet  flows  a  subterranean  river,  with  an  inex- 
haustible supply  of  pure  soft  water,  which  is 
pumped  to  the  reservoirs  at  a  cost  of  less  than 
six  cents  per  1,000  gallons.    Pop.  20,000. 

ENIMAGAN,  a  linguistic  stock  of  Indians 
in  South  America,  inhabiting  the  northern  half 
of  the  Gran  Chaco.  It  includes  the  Angaite, 
Enima,  Guana,  Sanapana,  Sapuki,  Sujcn, 
Tooslc  and  other  lesser  tribes.  Consult  the 
works  of  Boggiani,  Hawtrey,  Kersten,  Schuller 
and  other  anthropologists  who  have  written  on 
these  tribes. 

ENKHUIZEN  enk'hoi-zen  (Lat.  Enchusa), 
Holland,  town  on  a  projection  in  the  Zuydcr 
Zee,  29  miles  northeast  of  Amsterdam.  Its 
most  important  public  building  is  an  elegant 
town  house  with  a  lofty  tower,  and  mural 
decorations  by  Johan  van  Neck.  In  the  17th 
century  it  had  a  population  of  upward  of  40,000 
and  sent  a  fleet  of  400  vessels  to  the  herring 
fisheries,  but  the  herring  trade  has  died  away. 
Its  chief  industries  now  arc  ropemaking  and 
shipbuilding.  The  town  is  the  birthplace  of  the 
painter  Paul  Totter.    Pop.  7,748. 

ENLIGHTENMENT.  Philosophy  of,  the 

name  poptilarlv  given  to  much  of  the  philosophi- 
cal thought  of  the  18th  century,  which  cut  loose 
from  superstition  and  attempted  to  establish 
reason  as  the  foundation  of  all  belief  and  of  all 
rules  of  conduct.  It  included  the  empiricism 
and  dei^m  of  the  English  school,  the  sensualism 
of  the  French  as  well  a«  the  ultra-nationalism 
of  Germany.    Individualism  was  a  strong  figure 


in  its  teachings.  Locke,  Bayle  and  Leibnitz, 
Hume,  Voltaire,  Lcssing,  Tom  Paine  and 
Benjamin  Franklin  were  the  most  representative 
of  the  school,  if  school  it  may  be  called.  Con- 
sult Hibben,  J.  G.,  'Philosophy  of  the  Enlight- 
enment* (New  York  1910)  and  any  standard 
work  on  the  history  of  philosophy. 

ENLISTMENT,  a  contract  between  a  gov- 
ernment and  an  individual,  in  accordance  with 
which  the  latter  voluntarily  assumes  the  duties 
of  a  soldier  in  return  for  which  the  government 
assures  him  a  soldier's  rights,  pay  and  allow- 
ances. It  differs  from  ordinary  contracts  for 
services  in  that  it  involves  a  change  of  status, 
so  that  the  contract  cannot  be  broken  with  im- 
punity at  the  will  of  the  enlisted  man.  Enlist- 
ment is  the  method  of  obtaining  soldiers  to 
which  those  nations  resort  that  do  not  favor 
conscription.  Accordingly  before  the  European 
War,  it  was  best  exemplified  by  the  armies  and 
navies  of  the  English-speaking  peoples.  In  the 
United  States  army,  recruits  to  be  enlisted  must 
be  of  good  moral  character,  i.e.,  must  never 
have  been  convicted  of  a  felony  nor  imprisoned 
—  and  must  be  able-bodied,  and  between  the 
ages  of  18  and  35,  if  it  is  their  first  enlistment. 
They  must  be  citizens  or  have  taken  out  their 
first  papers,  and  must  be  able  to  speak,  read  and 
write  the  English  language.  The  physical 
standards  vary  somewhat  with  the  different 
branches  of  the  army  and  the  need  for  men, 
but  in  time  of  peace  arc  very  stringent.  The 
enlistment  of  recruits  is  part  of  the  duty  of 
the  adjutant-general's  department  The  period 
of  enlistment  is  seven  years,  of  which  the  first 
three  or  four,  as  the  case  may  be,  are  spent 
with  the  colors,  and  the  remainder  with  the 
Army  Reserve,  which  is  only  on  duty  in  time  of 
war.  Extra  pay  is  allowed  for  re-enlistments 
within  three  months. 

In  the  navy,  candidates  for  enlistment  must 
be  of  sound  physique,  not  subject  to  fits,  and 
able  to  read  or  write ;  or  otherwise  of  satis- 
factory general  intelligence.  In  general,  only 
citizens  of  the  United  States  and  its  possessions 
are  accepted.  They  must  be  of  good  character 
and  must  not  have  been  convicted  of  a  crime. 
Enlistments  in  the  grade  of  apprentice  seamen 
are  made  among  those  between  the  ages  of  17 
and  25.  The  term  of  enlistment  for  those  under 
18  is  until  they  become  of  age"  for  those  over 
18,  four  vears.  For  those  under  18,  the  con- 
sent of  the  parent  or  guardian  is  necessary. 
All  those  enlisted  after  they  are  of  age  serve 
for  four  years,  but  the  term  may  be  extended 
for  from  one  to  four  years  by  the  voluntary 
agreement  of  the  enlisted  man,  if  he  is  not 
undesirable.  The  upper  limit  of  age  for  enlist- 
ment is  35,  but  not  all  ratings  have  the  same 
limit  Enlistments  arc  made  at  naval  rendez- 
vous, on  board  receiving  ships,  on  board  cruis- 
ing ships  which  are  short  of  their  complement 
at  a  port  where  there  is  no  rendezvous  or  re- 
ceiving ship,  on  board  vessels  of  the  Bureau  of 
Fisheries  and  at  naval  stations  to  fill  up  the 
complement  of  their  yard  craft.  Finger-prints 
arc  taken  at  each  enlistment  As  in  the  army, 
extra  pav  is  given  to  those  who  re-enlist,  but 
the  period  within  which  this  re-enlistment  may 
take  place  is  four  months. 

In  the  British  army,  since  the  law  of  1907, 
the  army  consists  of  the  regulars  and  the  ter- 
ritorials. The  regular  army  comprises  the  per- 
manent army,  the  army  reserve  and  the  special 
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reserve.  The  period  of  enlistment  is  12  years, 
of  which  three,  five  or  nine  years  may  be  spent 
in  the  reserve.  The  maximum  service  permit- 
ted to  good  service  men  is  21  years,  after  which 
they  arc  pensioned.  On  the  average  those  men 
who  serve  in  the  colonics  or  in  India  serve  from 
12  to  16  years.  Enlistment  in  the  special  re- 
serve is  for  six  years,  in  the  territorial  army 
for  four. 

In  the  active  force  of  the  British  navy,  the 
majority  of  the  enlistments  are  made  between 
the  ages  of  15  and  16'/S.  After  two  years  of 
preparation,  the  term  of  service  with  the  fleet 
is  12  years.  Re-enlistment  for  10  years  is  per- 
mitted.  Sec  Army  Organization. 

ENNA,  August,  Danish  composer:  b.  Nak- 
skov,  Laaland,  1860.  He  was  entirely  self- 
taught.  In  1880  he  became  violinist  of  a  trav- 
eling troupe  and  in  1881  settled  at  Copenhagen, 
where  he  eked  out  a  living  as  a  violinist  and 
produced  the  operetta,  <A  Village  Tale.'  Later 
lie  was  made  conductor  of  a  provincial  com- 
pany. During  this  time  he  produced  several 
compositions  which  brought  him  to  the  notice 
of  Gadc.  Through  the  latter's  instrumentality 
Enna  was  enabled  to  spend  one  year  in  study 
(1888)  in  Germany.  He  produced  <The  Witch » 
in  1892,  an  opera  which  at  once  brought  him 
success  and  fame.  Other  works  since  then  have 
been  received  more  or  less  favorably  but  none 
has  equaled  his  premier.  These  works  include 
'G6opatra'  (1894)  ;  'Aucassin  and  Nicolette' 
(1896);  'Lamia'  (1900);  'lb  and  Little  Chris- 
tina' (1902);  'The  Death  of  Antony'  (1903); 
'Golden  Slipper  of  St.  Cecilia>  (1904);  'Gloria 
Arsena'  (1913)  ;  'A  Mother's  Love,'  a  legend 
for  chorus  and  orchestra. 

ENNA,  or  HENNA,  Sicily,  the  ancient 
name  of  the  town  now  known  as  Castrogio- 
yanni.  It  is  situated  at  about  the  centre  of  the 
island,  was  renowned  in  antiquity  as  one  of  the 
principal  seats  of  the  worship  of  Demeter.  See 
Castrogiovanni. 

ENNEACRUNOS  (Gr.  "nine  springs"), 
a  famous  fountain  at  Athens  (q.v.). 

ENNEKING,  John  Joseph,  American 
painter:  b.  Minster,  Ohio,  4  Oct.  1841.  He 
studied  at  Munich  and  Paris  and  was  a  pupil  of 
Bonnat  and  of  Daubigny.  He  paints  chiefly 
landscapes  and  figure  paintings.  He  received 
honorable  mention  at  the  Paris  Exposition  of 
1900  and  among  his  works  are  'Moonlight 
on  the  Giudecca,  Venice'  (1876);  'Freshly 
Picked' ;  'Drove  of  Cattle  on  a  November 
Day'  (1878);  'The  Obersee' ;  'Farmyard 
Scene  in  France';  'November  Twilight' 
(1881);  'Summer  Twilight'  (1883);  'Indian 
Summer'  (1885);  'The  Coming  Storm'; 
'Springtime' ;  and  'Autumn  in  New  England' 
(Worcester  Museum). 

ENNEMOSER,  cn'*-m6-zer.  Joseph,  Aus- 
trian medico-philosophic  writer:  b.  Raben- 
stcin,  Tyrol,  15  Nov.  1787;  d.  Egcrn,  Bavaria, 
19  Sept.  1854.  He  fought  in  the  rising  of  the 
Tyrolcse  against  the  French  in  1809,  acting  as 
secretary  to  its  famous  leader,  Andreas  Hofer. 
Previous  to  this  he  had  begun  the  study  of 
medicine  at  the  University  of  Innsbruck  and 
at  the  universities  of  Erlangen  and  Vienna. 
During  1813-14  he  fought  against  Napoleon  as 
an  officer  in  the  famous  Luetzow  Corps.  After 
the  Peace  of  Paris  he  went  to  Berlin,  where  he 


finished  his  studies  and  in  1816  took  his  de- 
gree in  medicine.  In  1819  he  became  professor 
of  medicine  at  the  new  University  of  Bonn. 
From  1837-41  he  practised  medicine  in  Inns- 
bruck. In  1841  he  went  to  Munich,  where  he 
obtained  great  reputation  by  the  application  of 
magnetism  as  a  curative  power.  He  had  be- 
come interested  in  this  subject  while  studying 
at  Berlin  and  published  a  number  of  works  re- 
lating to  it.  The  most  important  of  these  is 
'Geschichte  des  Thierischen  Magnetismus' 
(Leipzig  1844),  which  has  been  translated  by 
W.  Howitt  as  'The  History  of  Magic'  (2  vols., 
London  1854).  Others  of  his  writings  are 
' Historisch-Psychologische  Untersucbungcn 
iiber  den  Ursprung  und  das  Wescn  der  men- 
schlichen  Seele'  (Bonn  1824) ;  'Anthropolo- 
gische  Ansichten,  odcr  Beitrage  zur  Besseren 
Kcnntnis  des  Menschen'  (Bonn  1828)  ;  'Der 
Magnetismus  im  Verhaltniss  zur  Natur  und 
Religion'  (Stuttgart  1842)  ;  'Der  Geist  des 
Menschen  in  der  Natur'  (Stuttgart  1849)  ; 
'Anleitung  zur  Mesmerischen  Praxis'  (Stutt- 
gart 1852);  'Das  Horoskop  in  der  Weltge- 
schichte'  (Munich  1860). 

ENNERY,  en-nc-re,  Adolphe  Philippe  D., 

frequently  called  Dennery,  French  dram- 
atist: b.  Paris,  17  June  1811;  d.  there,  25 
Jan.  1899.  He  began  life  as  a  clerk,  but 
later  turned  to  the  drama;  he  studied  scenic 
effects,  the  quick  change  from  the  tragic  to 
comic,  and  the  contrast  between  the  serious  and 
ludicrous  characters.  He  subsequently  became 
the  master  of  modern  melodrama,  producing 
alone  and  in  collaboration  some  200  plays.  Dur- 
ing the  50  years  of  his  active  life  he  accumu- 
lated a  large  fortune.  In  1896  he  was  made  a 
Commander  of  the  Legion  of  Honor.  His  most 
successful  plays  include  'The  Grace  of  God' 
(1841)  ;  'Mary  Jane'  (1845)  ;  'If  I  Were  King' 
(1852)-  'The  Taking  of  Peking'  (1861); 
'Two  Orphans'  (1875);  'Martyrdom'  (1887). 
He  also  wrote,  in  collaboration  with  others,  the 
librettos  for  Gounod's  'Faust'  (1856)  :  Gounod's 
'Lc  Tribut  le  Zamora'  (1881)  ;  and  Massenet's 
'Le  Cid*  (1885).  During  the  latter  years  of 
his  life  he  also  wrote  a  number  of  novels,  most 
of  them  based  on  plays  of  his,  which  were 
published  serially  in  Paris  newspapers. 

ENNES,  en'nas,  Antonio,  Portuguese  dram- 
atist: b.  Lisbon  1848;  d.  1901.  He  was  for 
some  years  prominent  in  journalism,  and  in 
1686  was  appointed  chief  librarian  of  the 
National  Library  and  in  1890  Minister  for 
Marine  and  the  Colonies.  His  first  play,  'The 
Lazarists,'  had  extraordinary  success  in  Por- 
tugal and  Brazil  and  long  held  the  stage.  It 
was  followed  by  the  comedy  'Eugenia  Milton' 
(1874)  and  the  dramas  'The  Troubadours' ; 
'The  Mountebank' ;  'The  Emigration' ;  'A  Di- 
vorce.' The  last  was  translated  into  Italian  and 
French. 

ENNIS,  Ireland,  town  in  county  Clare,  on 
the  Fergus,  25  miles  northwest  of  Limerick  by 
rail.  It  contains  a  Roman  Catholic  college  and 
Ennis  College,  founded  by  Erasmus  Smith.  The 
ruins  of  a  13th  century  Franciscan  abbey  is  one 
of  its  attractions  and  a  notable  monument  has 
been  raised  to  Daniel  O'Connell.  A  consider- 
able trade  in  grain,  flour  and  agricultural  prod- 
uce is  carried  on  and  large  fairs  and  markets 
arc  held.    Pop.  5,472. 
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ENNIS,  Tex.,  city  of  Ellis  County,  35  miles 
south  of  Dallas,  on  the  Houston  and  Texas 
Central  and  the  Texas  Midland  railroads.  It 
has  extensive  agricultural  and  stock-raising  in- 
terests and  contains  cotton  compresses,  gins, 
railroad  repair  shops,  cottonseed-oil  mill  and  a 
flour  mill,  etc.  Since  1914  it  has  been  under 
the  commission  form  of  government.  The 
waterworks  arc  municipal  property.   Pop.  5,669. 

ENNISCORTHY,  Ireland,  town  in  the 
county  of  Wexford,  situated  on  the  river 
Slancy,  77  miles  south  of  Dublin.  There  is  an 
old  castle  erected  by  one  of  the  early  Norman 
conquerors,  and  in  the  neighborhood  is  Vinegar 
Hill,  the  scene  of  a  skirmish  in  1798,  when  the 
town  was  stormed  by  the  rebels.  The  river 
Slaney  is  navigable  and  there  is  a  considerable 
trade  in  provisions.   Pop.  5,495. 

ENNISKILLEN,  Ireland,  a  borough  and 
market  town  of  county  Fermanagh,  37  miles 
northeast  of  Sligo,  on  an  island  in  the  narrow- 
est part  of  Lough  Erne.  Suburbs  are  on  the 
adjoining  mainland.  In  its  town  hall  are  kept 
the  flags  of  the  battle  of  the  Boyne.  The  bat- 
tle of  1689  between  the  forces  of  James  II  and 
William  III,  in  which  William's  forces  were 
victorious,  took  place  here.  The  noted  regi- 
ment called  Enniskillen  Dragoons  was  first 
formed  from  the  defenders  of  the  town  at  this 
battle.  The  manufacture  of  cutlery,  straw  hats, 
shirts  and  collars  and  the  tanning  of  leather  arc 
carried  on  here,  and  there  are  several  steam 
sawmills.   Pop.  4347. 

ENNIUS,  Quintus,  Latin  poet :  b.  Rudise, 
near  Brundusium,  239  B.C.;  d.  169  B.C.  When  he 
was  38  Cato  the  Censor  brought  him  to  Rome, 
where  he  soon  gained  the  friendship  of  the 
most  distinguished  men  and  instructed  the 
young  men  of  rank  in  Greek.  With  an  extensive 
knowledge  of  the  Greek  language  and  literature 
he  united  a  thorough  acquaintance  with  the 
Oscan  and  Latin  tongues  and  exerted  great  in- 
fluence on  the  last.  He  wrote  an  epic  poem  in 
hexameters,  'Annales,*  describing  the  history 
of  Rome  from  the  arrival  of  .Eneas  in  Italy  to 
the  poet's  own  times;  tragedies  and  comedies, 
satires,  epigrams,  precepts,  etc.t  but  nothing 
now  remains  except  fragments  given  as  quota- 
tions in  other  ancient  authors,  many  of  them 
mere  citations  by  grammarians  and  other  insig- 
nificant extracts.  A  few  larger  fragments  have 
been  preserved,  which  give  a  favorable  im- 
pression of  his  genius.  His  success  in  his  own 
day  was  great.  His  poems  were  for  a  long 
period  read  aloud  to  admiring  multitudes,  ana 
they  were  often  quoted  and  referred  to  by  the 
great  writers  of  antiquity.  Fragments  of  his 
works  have  been  edited  bv  Muller,  L.  (Saint 
Petersburg  1885);  Ribbeck,  O.,  in  'Scaenia: 
Romanorum  Poesi*  Fragmenta'  (Leipzig  1897); 
and  Vahlen,  J  ,  (Leipzig  1854  and  1903).  Con- 
sult Duckctt,  E.  S„  'Studies  in  Ennius'  (in 
firm  Matvr  College  Monographs,  Monograph 
Series,  Vol.  XVIII,  Bryn  Mawr  1915)  ;  Knapp, 
C,  'Vahlen's  Ennius*  (in  American  journal  of 
Philology,  Vol.  XXXII,  p.  1.  Baltimore  1911)  ; 
Miillcr.  L.,  'Der  Dichter  Ennius'  (in  Samm- 
lunqen  H'issenltrhaftlicher  Vortracae,  edited  by 
R  Virrhow.  N.  F.  Ser.  VIII.  Heft  185,  Ham- 
burg 1803)  ;  "Die  Rntstehung  der  Romischen 
Kunstdirhtung'  (ib.  N.  F.  Ser.  IV,  Heft  92, 
Hamburg  18X9);  Postgate,  I  P.,  'Corpus 
Poctarum  Latinomm*  (Vol.  VI,  London  1894)  ; 


ENOCH 

Ribbeck,  O.,  *Geschichte  der  Romischen  Dich- 
tung>  (2  vols.,  Stuttgart  1887-89) ;  Vahlen,  J., 
'Bemerkungen  zum  Ennius'  (in  Konigl.  Preuss. 
Akad.  der  Wiss.,  Sitsungsberichte  1899,  p.  266, 
Berlin  1899)  ;  (0ber  Ennius  und  Lucretius' 
(ib.  1896,  Part  I,  p.  717,  Berlin  1896)  ;  <Uber 
die  Annalen  des  Ennius'  (in  Konigl.  Preuss. 
Akad.  der  Wiss.  Philos.-Hist.  Klassc,  Attend- 
lungen  1886,  Part  I,  Berlin  1886). 

ENNODIUS,  Magnus  Felix,  a  Latin  Church 
father:  b.  at  either  Aries  or  Milan  about  473; 
d.  Pavia,  17  July  521.  He  early  became  an 
orphan.  When  the  Visigoths  invaded  Italy  he 
was  sent  to  an  aunt  in  Milan  who  educated  him. 
After  her  death  he  married  a  wealthy  woman 
and  lived  in  lavish  fashion.  A  severe  illness 
made  such  a  deep  impression  upon  him  that  he 
entered  the  priesthood  and  his  wife  became  a 
nun.  In  496  he  went  to  Rome  and  soon  became 
a  noted  man.  He  was  the  first  to  give  the 
Bishop  of  Rome  the  name  of  Pope.  In  511  he 
succeeded  Maximus  as  Bishop  of  Pavia.  Twice 
he  was  sent  as  a  messenger  to  the  Emperor 
Anastasius  with  theplan  of  reuniting  the  East- 
ern and  Western  Churches.  His  writings  in- 
clude a  'Life  of  Epiphanius'  and  several  theo- 
logical treatises.  He  is  said  to  have  written  in 
favor  of  the  freedom  of  the  will.  His  writings 
have  been  published  in  Basel  1569,  Tournay 
1610,  Paris  1611,  and  also  in  Mignes,  'Patrol- 
ogiae  Latinse>  (Vol.  LXIII). 

ENNS,  6ns,  river  in  Austria,  has  its  rise  in 
the  Alps  of  Salzburg,  flows  east-northeast  and 
then  takes  a  northwesterly  course,  discharging 
into  the  Danube  near  Mauthausen.  Length 
about  160  miles.  Through  part  of  its  course  it 
forms  the  boundary  line  between  Upper  and 
Lower  Austria. 

ENOCH,  Hebrew  patriarch.  He  became 
the  father  of  Methuselah  at  the  age  of  65 
years;  and  we  are  told  that  he  "walked  with 
God*  and  at  the  age  of  365  years  *God  took 
him*.  The  words  quoted  are  generally  under- 
stood to  mean  that  Enoch  did  not  die  a  natural 
death,  but  was  removed  as  Elijah  was.  The 
book  of  Hebrews  (xi,  5)  confirms  this  view. 
Enoch  is  the  name  of  three  other  persons  in  the 
Bible,  one  of  them  being  the  eldest  son  of 
Cain  (Gen.  iv,  17).  Saint  Enoch,  associated 
with  the  city  of  Glasgow,  is  a  corruotion  of 
Saint  Thenaw,  the  name  given  by  Saint  Serf  to 
Saint  Kentigern's  mother. 

ENOCH,  Books  of.  According  to  Gen.  v 
21-23,  Enoch  lived  365  years,  and  he  walked 
with  God  and  disappeared,  for  God  took  him 
He  is  supposed  to  be  identical  with  the  seventh 
of  the  10  antediluvian  kings  in  Berosus  (Eue- 
dorachus),  the  Enmeduranki  of  K  2486,  4364. 
the  seventh  king  in  the  Sumcrian  list  discovered 
by  Pccbel  (Babvlonian  Publications  of  the  Uni- 
versity of  Pennsylvania.  VI,  Philadelphia  1913). 
Enmeduranki.  like  Enoch,  was  called  into  com- 
munion with  the  gods  and  initiated  into  the 
mysteries  of  heaven  and  earth.  If  the  number 
365  indicates  the  original  solar  character  of 
Enoch,  the  story  is  likely  to  have  been  derived 
from  a  Babylontan  or  Amorite  version  in  which 
the  regnal  years  had  not  been  brought  into  the 
chronological  system  found  in  Berosus.  The 
opportunities  of  this  world-wanderer  for  ob- 
serving celestial  phenomena,  reading  the  heav- 
enly tablets  and  foreseeing  the  future  naturally 
invited  speculation.    He  became  the  inventor 
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of  writing,  mathematics  and  astronomy,  and  the 
forerunner  of  Dante  as  an  explorer  of  heaven 
and  hell.  Alexander  Polyhistor  in  the  time  of 
Sulla  found  him  referred  to  by  a  writer  as  hav- 
ing learned  astronomy  from  the  angels  (Euse- 
bius,  'Prseparatio  evangelica*  ix,  17,  8).  With 
the  growth  of  angelology  the  interest  cen- 
tred on  the  fate  of  the  "sons  of  God*  who  had 
married  the  "daughters  of  men*  (Gen.  vi,  Iff.), 
while  the  concern  about  the  future  of  sinners 
and  saints  on  earth  and  in  the  other  world  de- 
manded authoritative  revelations.  None  was 
better  fitted  to  impart  information  on  these 
things  than  the  translated  patriarch. 

The  writings  ascribed  to  Enoch  do  not  seem 
to  have  been  generally  accepted  as  canonical  at 
any  time,  either  by  Jews  or  Christians.  In  some 
circles,  however,  they  have  been  regarded  as 
authentic  and  cherished  as  sacred  books.  From 
references  in  the  book  of  Jubilees  and  the 
earlier  stratum  of  the  Testaments  of  the  Twelve 
Patriarchs  it  may  perhaps  be  inferred  that  some 
of  them  belonged  to  the  70  hagiographa,  men- 
tioned in  4  Ezra  xiv,  46,  which  were  not  in- 
cluded in  the  finally  adopted  Palestinian  canon. 
There  is  one  direct  quotation  in  the  New  Testa- 
ment: The  epistle  of  Jude  (vs.  14)  cites  a  pas- 
sage from  one  of  the  books  of  Enoch  in  such  a 
manner  as  to  show  that  it  was  considered  a 
genuine  utterance  of  the  patriarch  and  ah  in- 
spired prophecy.  In  the  epistle  of  Barnabas  an- 
other passage  is  quoted  as  "Scripture."  Tertul- 
lian  defended  the  authenticity  and  sacred  char- 
acter of  the  book  known  to  him  and  maintained 
that  the  Jews  rejected  it  because  it  referred 
prophetically  to  the  Lord,  having  probably  in 
mind  the  passage  cited  by  Jude.  Gement  of 
Alexandria  also  quotes  the  book  with  confi- 
dence. Origen  charges  Celsus  with  not  having 
read  the  book  of  Enoch  whence  his  statement 
concerning  the  angels  was  taken,  and  not  being 
aware  that  the  books  ascribed  to  Enoch  were 
not  universally  accepted  as  divine  in  the 
churches.  Anatolius  of  Laodicea  quoted  a  pas- 
sage simply  to  show  the  character  of  the  Jewish 
calendar,  but  Zosimus  of  Panopolis  refers  to  the 
books  as  "ancient  and  divine  scriptures.* 
Jerome  rejected  the  book  of  Enoch  as  apocry- 
phal ;  Augustine  took  the  same  position ;  and 
it  is  counted  among  the  Apocrypha  by  the  Apos- 
tolic Constitutions  (5th  century),  Pseudo 
Athanasius.  Nicephorus'  <Stichometria>  (1500 
or  4800  stichi),  and  the  'Index  LX  librOrum.> 
The  parts  copied  by  George  Syncellus  (c.  790) 
may  have  been  drawn  from  Pandorus  of  Alex- 
andria ;  br.t  the  manuscript  found  at  Panopolis 
seems  to  have  been  written  later  than  the  8th 
century.  Many  writers,  from  4  Ezra  and  2 
Peter  to  George  Cedrenus  in  the  11th  century, 
who  do  not  mention  the  name  of  Enoch  show 
an  acquaintance  cither  with  the  book  itself  or 
with  its  characteristic  ideas,  notably  that  of  the 
fall  and  punishment  of  the  angels. 

In  Abyssinia  the  book  of  Enoch  has  main- 
tained its  position  in  the  canon  before  the  book 
of  Job  to  the  present  time,  not  onlv  among  the 
Christians,  but  also,  according  to  the  testimony 
of  Bruce,  among  the  Jews  whose  Ethiopic  text, 
however,  has  not  yet  been  examined.  To  what 
extent  another  book  ascribed  to  Enoch,  pre- 
served in  the  Slavonic  Church,  was  regarded 
as  canonical  cannot  be  determined.  The  He- 
brew Enoch,  though  quoted  by  many  mediaeval 
Jewish  writers,  docs  not  seem  to  have  been  con- 


sidered by  them  as  a  part  of  the  canon.  Ven- 
erable Bede  (died  735)  thought  that  the  book 
of  Enoch  merited  to  be  counted  among  the 
sacred  scriptures  because  of  its  authority,  age 
and  use,  but  especially  because  of  the  testimony 
of  Jude.  William  Whiston  defended  the  canon- 
icity  of  the  book  known  to  him  through  Syn- 
cellus, and  William  Murray  regarded  the  nu- 
cleus of  the  Ethiopic  Enoch  as  genuine  and  in- 
spired. The  Roman  Catholic  Church  reckons 
the  books  ascribed  to  Enoch  among  the  Apoc- 
rypha of  the  Old  Testament,  while  manv  Prot- 
estant scholars,  who  give  this  name  to  the  deu- 
tero-canonical  books  of  the  Old  Testament,  des- 
ignate them  as  Pseudcpigrapha,  a  term  first 
used  by  Jerome  in  regard  to  the  Wisdom  of 
Solomon  and  the  Epistle  of  Jeremiah.  Un- 
identified quotations  indicate  that  all  the  Enoch 
literature  has  not  yet  been  discovered.  The 
three  extant  works  are  generally  called  the 
Ethiopic,  Slavonic  and  Hebrew  Enoch,  because 
of  the  languages  in  which  they  first  became 
known,  in  their  full  extent,  to  modern  scholars. 

Ethiopic  Enoch. —  Whether  Pico  della  Mi- 
randola  possessed  a  manuscript  of  this  book  is 
still  uncertain.  According  to  Fabricius,  it  was 
stated  by  many,  on  the  testimony  of  Reuchlin, 
that  he  had  purchased  a  copy  of  it  for  a  largf 
sum  of  money.  In  Reuchlin's  treatise,  <De  arte 
cabalistica'  (1517},  Simon  does  not  question 
the  possible  survival  of  some  such  books  as 
that  of  Enoch,  but  declares  that  he  cannot  af- 
ford, like  Mirandola,  to  buy  at  great  expense 
the  70  books  of  Ezra.  Mirandola  himself 
speaks  of  his  purchase  and  indefatigable  study 
of  these  books,  both  in  his  'Apologia,'  written 
in  1489,  p.  178,  and  in  <De  hominis  dignitate,* 
p.  330.  A  description  of  his  cabalistic  codices 
was  given  by  Gaffarel  in  1651  (reprinted  in 
Wolf,  'Bibliotheca  hcbraica,>  I,  1715);  in  the 
first  manuscript,  ascribed  to  Recanati  (13th 
century),  there  are  some  extracts  from  the  He- 
brew Enoch.  This  may  have  given  rise  to  the 
rumor.  But  Reuchlin  refers  directly  to  the 
book  of  Enoch  in  'De  verbo  mirifieo,*  written 
in  1494  (Lyon  1552,  pp.  92f).  Here  Sidonius 
lashes>  the  gallows-birds  who  place  splendid 
titles  in  front  of  the  volumes  they  offer,  fiJsely 
declaring  that  one  is  the  book  of  Enoch  an- 
other the  book  of  Solomon.  It  would  seem, 
therefore,  that  Reuchlin  had  heard  of  a  seoa- 
rate  book  of  Enoch  being  offered  for  sale. 
Since  Ethiopic  texts  were  published  as  "Chal- 
daean*  by  Potken  already  in  1513  and  Reuchlin 
knew  in  1515  that  Benignus  had  studied  the 
"Chaldic*  letters  used  by  Prester  John,  it  is  not 
altogether  improbable  that  the  book  to  which 
he  referred  20  years  earlier  was  the  Ethiopic 
Enoch  and  that  such  a  work  may  have  drifted 
into  Mirandola's  library:  but  it  may  have  been 
a  Hebrew  Enoch.  There  can  be  no  question 
that  Guillaumc  Postel  before  1553  was  shown  a 
copy  of  the  Ethiopic  Enoch  at  Rome  by  an  Abys- 
sinian priest  and  had  its  contents  explained  to 
him,  as  he  refers  to  the  Noachic  interpolations. 
Gilles  de  Loches,  a  Capuchin  missionary  who 
spent  seven  years  in  Egypt,  reported  to  Peiresc 
that  he  had  seen  (c.  1630)  this  book  in  Ethiopic 
script  and  language,  and  gave  the  title  correctly. 
Gassendi  relates  that  Peiresc  purchased  an- 
other manuscript.  This  was  afterward  found 
by  Ludolf  not  to  be  the  book  of  Enoch  and  it 
has  not  been  published  yet,  though  it  contains 
the  story  of  Enoch's  birth.    James  Bruce  se- 
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cured  a  copy  of  Ethiopic  Enoch  in  Abyssinia 
in  1769  and  brought  to  Europe  three  manu- 
scripts. A  brief  account  appeared  in  Michaelis 
'Orientalische  und  Excgctische  Bibliothek* 
(1774);  a  fuller  account  was  given  by  Bruce 
himself  in  1790.  The  text  has  been  edited  by 
Laurence  (1838)  on  the  basis  of  one  manu- 
script; by  Dillmann  (1851)  who  had  five  manu- 
scripts; by  Flemming  (1902)  who  used  15;  and 
by  Charles  (1906)  who  had  at  his  disposal  23. 
Charles  consulted  29  in  his  translation  of  1912. 
None  of  these  is  earlier  than  the  16th  century; 
even  the  oldest  of  them  inspire  no  very  great 
confidence,  and  all  have  manifestly  suffered 
much  in  transmission.  Of  the  Greek  text  the 
fragments  preserved  in  Syncellus,  viz.,  vi-x, 
14;  xv,  8-xvi,  1,  and  viii.  4-ix,  4  in  duplicate, 
were  first  published  by  Scaliger  (1609),  then  by 
Goar  in  the  editio  princeps  of  the  Chrono- 
graphia  (1652),  by  Fabricius  (1713),  Dindorf 
(1829)  and  recent  editors  of  Enoch.  A  frag- 
ment, contain  ng  lxxxix,  42-49,  was  published 
by  Mai  (1844)  and  Gildemeister  (1855).  A 
larger  part,  including  i-xxxii,  6  and  xix,  3-xxi,  9 
in  duplicate,  was  discovered  at  Panopolis  (mod- 
ern Akhmim)  in  1886-87  and  published  by  Bou- 
riant  (1892-93),  Lods  (1892)  with  a  French 
translation,  Dillmann  (1892).  Charles  (1893) 
and  Radermacher  (1901).  A  fragment  of  a 
Latin  translation,  cvi.  1-18,  was  published  by 
Charles  (1893)  and  James  (1893). 

Already  Grotius,  familiar  only  with  the 
Syncellus  fragments,  expressed  the  opinion  that 
the  book  of  Enoch  originally  was  small,  but 
grew  gradually  by  expansion.  Laurence  (1821) 
pointed  out  some  of  the  more  obvious  Noachic 
sections,  and  de  Sacy  (1822)  suspected  Chris- 
tian interpolations.  Murray  (1836),  who  con- 
tended for  a  genuine  nucleus,  recognized 
among  the  extensive  later  additions  several  dis- 
tinct books  and  assigned  a  separate  authorship 
to  lxxii-lxxxii.  Bruno  Bauer  (1841)  main- 
tained that  there  were  several  authors  and  es- 
pecially that  xxxvii-lxxi  formed  a  book  inserted 
in  the  larger  volume.  Dillmann  (1853)  as- 
sumed a  different  authorship  for  cvi-cvii  and 
cv:ii  and  a  number  of  interpolations.  Sjeffert 
(1867)  argued  a  distinct  origin  for  Ixxxiii-xc 
Through  the  studies  of  Kriegcr  (1845).  Ewald 
(1854)  and  Hilgenf eld  (1857)  the  marked  dif- 
ference between  xxxvii-lxxi  and  the  rest  of 
the  work  became  generally  recognized ;  and 
through  the  analytic  work  of  O.  Holtzmann 
(1888)  and  Charles  (1893)  wide  currency  was 
given  to  the  view  that  the  volume  is  made  up 
of  five  distinct  books  by  different  authors,  viz.. 
1,  i-xxxvi;  2,  xxxvii-lxxi;  3,  lxxii-lxxxii; 
4,  lxxxiii-xc;  5,  xci-cv,  and  two  shorter  ap- 
pendices cvi-cvii  and  cviii.  This  division  is 
indeed  largely  suggested  by  sub-headings  in  the 
text  itself.  But  within  each  of  these  books  a 
lack  of  unity  has  also  been  felt  by  critics  atid  it 
has  been  explained  either  by  accretion  or  by 
compilation.  It  is  thought  that  an  original 
work  has  been  expanded  in  the  course  of  trans- 
mission, or  a  compiler  is  supposed  to  have 
pieced  it  together  from  various  sources.  The 
earlier  and  more  widely  accepted  theory  is  that 
of  accretion,  but  in  recent  years  several  schol- 
ars have  favored  a  documentary  theory  similar 
to  that  now  in  vogue  in  Pentateuchal  criticism. 
It  is  therefore  proper  to  consider  the  composi- 
tion as  well  as  the  date  and  original  language 
of  each  book  separately. 


Book  I  unquestionably  contains  some  dis- 
parate elements.  It  is  liktly  to  have  begun 
originally  in  vi,  1,  since  i-v  seems  to  be  a  gen- 
eral introduction  to  a  larger  volume  which, 
however,  did  not  as  yet  include  xxxvii-lxxi. 
While  xvii-xix  and  some  other  passages  appear 
to  be  interpolations,  the  attempt  to  explain  the 
seemingly  identical  roles  of  Scmyaza  and  Aza- 
zel  by  the  compilation  of  two  documents  is  less 
convincing.  The  idea  of  a  Greek  original  has 
no  defender  to-day  in  the  case  of  this  or  anv 
other  part  of  Ethiopic  Enoch.  Those  who  have 
made  a  special  study  of  the  subject  are  sub- 
stantially agreed  that  Book  I  was  written  in 
Aramaic  from  which  it  was  translated  into 
Greek.  As  the  descriptions  of  the  fall  of  the 
angels,  Enoch's  mediation  and  his  celestial 
journey  give  no  clear  indications  of  date ;  the 
relation  to  Book  IV.  which  evidently  is  some- 
what younger,  must  decide.  Some  scholars  have 
thought  of  the  period  preceding  the  Maccabcan 
uprising,  the  majority,  on  what  would  seem 
more  adequate  grounds,  of  the  reign  of  John 
Hyrcanus  (135-104  B.C.). 

In  Book  II  the  outlines  of  a  ground-plan  are 
clearly  discernible;  inserted  excerpts  from  a 
book  of  Noah  are  equally  unmistakable  in 
liv,  7-lv,  2;  1;  and  lxv-lxix,  25.  That  the  re- 
mainder is  not  a  Joseph's  coat  without  scams, 
as  it  was  once  called,  is  now  universally  ad- 
mitted. But  while  some  recent  critics,  like  Ap- 
pel  and  Gr>'i  assume  a  compilation  of  different 
documents,  one  designating  the  celestial  guide 
as  "the  angel  who  went  with  me.*  another  as 
"the  angel  of  peace,9  and  a  third  being  particu- 
larly interested  in  wisdom,  most  scholars  have 
resorted  to  the  theory  of  more  or  less  exten- 
sive interpolations.  Some  have  been  satisfied 
with  indicating  as  such  xli,  3-8;  xiiii ;  xliv;  lix; 
Ix ;  lxx>  lxxi.  Others,  like  Bruno  Bauer, 
Boucher,  Drummond,  Pfletderer,  Dc  Faye  and 
Bousset,  have  looked  upon  all  the  passages  re- 
ferring to  the  Messiah  as  Christian  interpola- 
tions. In  the  case  of  these  Schmidt  thinks  of 
successive  expansions,  first  by  Jewish,  and  then 
by  Christian  hands.  The  idea  of  a  Christian 
origin  of  the  Parables,  held  by  Hilgenfeld, 
Vernes,  Kuenen,  Tideman,  Stanton,  Konig  and 
Comill,  is  no  longer  advocated.  As  to  the 
original  language  there  is  still  a  decided  differ- 
ence of  opinion  between  the  two  scholars  who 
have  published  the  results  of  special  investiga- 
tion upon  this  point ;  Charles  thinks  that  it  was 
Hebrew,  Schmidt  that  it  was  Aramaic.  Th» 
former  assumes  that  the  Ethiopic  was  made 
from  a  Greek  version,  in  which  the  New  Testa- 
ment term  for  the  "Son  of  Man'  was  uni- 
formly used,  by  an  Aramaic-speaking  Jew  who 
rendered  it  in  three  different  ways,  correspond- 
ing to  three  Aramaic  expressions.  The  latter 
thinks  that  the  absence  of  even  the  slightest 
sign  of  acquaintance  with  this  particular  book 
in  patristic  literature  throws  doubt  upon  the 
existence  of  a  Greek  version,  and  in  any  case 
deems  it  probable  that  the  translation  was  made 
by  an  Aramaic-speaking  Jewish  Christian  who 
used  two  other  terms  besides  the  one  unitormly 
employed  in  rhc  New  Testament,  because  he 
found  three  expressions  for  "Son  of  man*  in 
the  Aramaic  original  before  him.  In  regard  to 
the  date,  the  most  widely  accepted  view  at  the 
present  time  is  that  this  hook  was  written  not 
long  before  63  B.C.  wThe  kings  and  the  mighty,* 
who  are  often  mentioned  as  persecutors,  are 
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supposed  to  be  Alexander  Jannaeus  and  the 
Sadducees.  It  is  difficult  however,  to  see  how 
they  could  be  charged  with  putting  their  *faith 
in  the  gods  they  have  made  with  their  own 
hands'"  (xlvi.  7)  ;  and  many  scholars  have  con- 
sidered it  more  natural  to  understand  the 
phrase  as  referring  to  pagan  rulers.  If  Roman 
emperors  and  governors  are  meant,  the  time  of 
Gaius  Caligula  (37-41  a.d.)  is  more  likely  than 
that  of  Herod  the  Great.  A  Jewish  expansion 
in  the  time  of  Domitian  is  not  improbable  ;  and 
it  is  significant  that  those  ideas  and  expressions 
which  have  their  closest  counterparts  in  the 
Gospels  and  present  the  Messiah  in  a  more 
transcendent  character  than  is  found  anywhere 
in  Jewish  literature,  fit  very  loosely  in  the  con- 
text and  are  connected  with  a  title  which  even  in 
the  Gospels  appears  to  be  a  translation,  not  of  a 
Greek,  but  of  a  Christian  Aramaic  original. 

Book  III,  dealing  with  astronomy,  has  no 
doubt  a  few  interpolations.  The  endeavor  to 
prove  that  it  is  a  compilation  of  four  documents 
dovetailed  into  one  another  does  not  seem  to  be 
called  for  by  the  facts.  If  Jubilees  was  written 
in  Hebrew,  as  is  probable,  this  book  may  have 
been  written  in  the  same  language.  Like  Jubi- 
lees and  Slavonic  Enoch,  it  advocates  a  solar 
year  of  364  days;  it  is  quoted  in  the  former 
work  (iv,  17,  21)  and  may  be  dated  c.  110  b.c. 
The  author  makes  the  longest  day  of  the  year 
16  hours,  which  led  Laurence  and  Murray  to 
infer  that  his  home  was  near  the  Caspian  or  the 
Black  Sea ;  and  Martin  thinks  that  it  may  in- 
dicate the  use  of  a  document  written  in  the 
latitude  of  Constantinople.  It  is  possible  that 
the  writer  reflected  upon  the  length  of  the  day 
in  the  region  where  he  supposed  the  antedilu- 
vians to  have  lived.  In  Book  IV  there  are  some 
obvious  additions.  The  original  language  is 
supposed  to  be  Aramaic.  In  the  historic  vision 
the  70  shepherds  are  no  longer  conceived  of  as 
either  native  or  foreign  rulers,  but  as  angels; 
yet  it  is  admitted  that  the  four  periods  of  their 
domination  represent  the  Chalckean.  Persian, 
Ptolemaic  and  Selcucid  kingdoms,  and  the  great 
horn  in  xc,  9,  is  assumed  to  refer  cither  to 
Judas  Maccabxus  or  John  Hyrcanus.  The  lat- 
ter is  more  probable,  and  the  date  is  likelv  to  be 
c.  108  B.C.  Dislocations  and  interpolations  are 
also  found  in  Book  V.  It  may  have  been  writ- 
ten in  Hebrew  in  the  1st  century  B.C.  Not  much 
later  the  two  appendices  seem  to  have  been 
penned  in  the  same  language.  The  first  of  them 
has  been  assigned  by  some  scholars  to  the 
Noachic  stratum;  others  have  surmised  for  it 
an  independent  Essene  origin.  Recent  critics 
have  been  inclined  to  ascribe  to  the  2d  century 
B.c  the  book  of  Noah,  from  which  excerpts 
have  been  copied  in  the  book  of  Enoch ;  this  is 
doubtful,  and  some  of  the  appropriated  pas- 
sages may  have  been  interpolations  in  the  Noah 
apocalypse. 

The  influence  of  Babylonian,  Persian  and 
Greek  speculation,  mythical  and  scientific,  upon 
this  literature  is  unmistakable,  though  it  has 
occasionally  been  exaggerated.  ]t  reveals  the 
growing  conceptions  of  angels  and  demons, 
heaven  and  hell,  the  Messiah  and  his  kingdom, 
the  last  judgment  and  the  resurrection,  in  the 
generations  immediately  preceding  the  appear- 
ance of  Jesus.  If  the  original  of  the  Parables 
could  be  found,  or  the  later  accretions  removed 
with  a  high  degree  of  certainty,  the  actual  ap- 
proach to  the  Christology  of  the  New  Testa- 


ment might  be  determined  with  greater  assur- 
ance than  now  is  possible.  The  eschatological 
notions  seem  to  have  been  in  a  fluctuating  state. 
There  is  nowhere  a  clear  allusion  to  a  resurrec- 
tion of  the  body;  immediately  after  death  spirits 
pass  to  their  destiny  of  joy  or  suffering  and 
appear  to  be  clothed  with  a  spiritual  body; 
yet  a  final  judgment  is  emphasized,  and  at 
least  in  Book  I  a  return  to  terrestrial  life  seems 
to  be  contemplated.  The  work  as  a  whole  pre- 
sents numerous  problems  that  cannot  be  solved 
until  the  Semitic  original  is  recovered. 

Slavonic  Enoch.—  This  book  was  first  pub- 
lished by  A.  Popov  in  1880  from  a  manuscript 
written  in  1679  in  a  South  Russian  dialect  under 
the  title  'The  Book  of  the  Secrets  of  Enoch.' 
In  1886  Sokolov  found  at  Belgrade  a  Bulgarian 
manuscript  of  the  16th  century  representing  the 
same  recension.  Novakovi£  published  in  1884 
a  Serbian  manuscript  of  the  16th  century,  found 
at  Belgrade,  representing  a  different  recension. 
Of  the  same  type  are  a  manuscript  in  Vienna 
of  the  16th  century,  one  of  the  17th  owned  by 
Barsov  in  Moscow,  and  a  number  of  frag- 
ments, some  as  old  as  the  14th  century,  pub- 
lished by  Tichonravov,  Pypin,  and  Popov.  It 
has  become  customary  to  designate  the  former 
recension,  which  is  longer,  as  A.  the  latter  as 
B.  Of  A  an  English  translation  was  made  by 
Morrill  ( 1896) ;  Bonwctsch  gave  a  German  ver- 
sion of  both  A  and  B  (18%);  excerpts  of  A 
were  rendered  into  Latin  by  Szekely  (1913); 
and  both  A  and  B  were  translated  into  Eng- 
lish by  Forbes  (1913).  Charles,  Bonwctsch. 
Harnack,  Schiirer  and  Szekely  have  looked 
upon  A  as  a  faithful  translation  of  the  Greek 
text  and  B  as  an  abbreviated  copy  of  the  Sla- 
vonic translation,  and  have  therefore  concluded 
that  the  author  was  an  Alexandrian  Jew  writ- 
ing his  work  in  Greek  Charles  indeed  main- 
tains that  some  parts  may  originally  have  been 
written  in  Hebrew,  since  he  thinks  thev  are 
quoted  in  the  Testaments  of  the  Twelve  Patri- 
archs, but  deems  it  impossible  to  separate  them 
from  their  context.  Unfortunately,  none  of 
the  nine  passages  in  that  work  in  which  Enoch 
is  quoted  can  be  regarded  as  having  come  from 
this  book,  as  Schiirer  has  shown.  But  Schmidt 
has  pointed  out  that  practically  every  passage 
cited  to  prove  either  familiarity  with  the  Greek 
version  of  the  Bible  or  acquaintance  with  Hel- 
lenistic thought  is  absent  in  B.  He  does  not 
consider  it  possible  that  a  Christian  Slav,  living 
in  the  10th  or  11th  century,  could  have  pos- 
sessed such  a  marvelous  knowledge  of  the  ten- 
dencies of  thought  among  the  Alexandrian 
Jews,  or  could  have  had  any  motive  for  exer- 
cising his  skill  in  the  removal  of  every  touch 
of  Greek  influence.  But  if  A  represents  an 
Alexandrian  expansion  of  a  Greek  text  still 
free  from  the  peculiarities  indicating  a  local 
origin,  the  latter  may  well  be  a  translation  of  a 
Hebrew  or  Aramaic  book  written  in  Palestine 
at  some  time  between  50  b.c  and  70  a.d.  Other 
books  of  Palestinian  origin  are  equally  silent 
concerning  the  Messiah  and  a  physical  resur- 
rection. The  interest  in  a  solar  year  of  364 
days  (xvi,  5  B)  may  point  to  a  period  not  very 
long  after  Eth.  Enoch  lxxii-lxxxii  and  lu- 
bilees ;  the  later  Greek  recension  A  has  a  year 
of  365J4  days  (xiv,  1;  xvi,  5).  A  few  Chris- 
tian internolations  have  been  suggested,  espe- 
cially by  Schiirer  and  Szekely.  Those  worthy 
of  consideration,  such  as  the  statement  concern- 
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ing  the  pre-eminence  of  the  eighth,  i.e.,  the  first 
day  (xxxiii,  1,  2),  the  prohibition  of  oaths  in 
very  nearly  the  words  of  Jesus  (xlix,  1,  2)  and 
the  condemnation  of  sacrifices  (xlv,  3),  are  found 
in  the  longer  recension.  The  counsel  not  to 
requite  evil  (1,  4)  need  not  be  Christian.  But 
in  the  ethics  of  the  original  work  there  is  an 
unmistakable  approach  to  the  teachings  of  Jesus. 
Origen  knew  this  work  as  a  part  of  his  Greek 
book  of  Enoch,  and  refers  to  the  descriptions 


in  xxiv,  2,  and  xh 


It 


zeals  no  acquaint- 


ance with  Eth.  Enoch  xxxvii-lxxi. 

Hebrew  Enoch. —  During  the  Middle  Ages 
a  book  of  Enoch  written  in  Hebrew  was 
quoted  by  many  Jewish  writers.  It  may  have 
been  of  this  work  that  Pico  della  Mirandola  and 
Reuchlin  had  a  vague  knowledge  through  ex- 
cerpts or  some  longer  manuscript.  Drusius 
called  attention  to  two  quotations  in  the  book 
of  Zohar  (13th  century).  A  list  of  quotations 
in  Menahem  Rccanati,  Hekaloth,  Maase 
Bereshith,  Pirke  de  Rabbi  Eliezcr,  and  Rasiel 
has  been  given  by  Jellinek.  This  scholar  pub- 
lished in  1873  from  a  Munich  codex  the  'Sefer 
Hekaloth  or  Book  of  Enoch.'  It  was  an  in- 
complete edition,  but  could  be  supplemented 
by  the  'Sefer  Hekaloth  of  R.  Ishmael.'  pub- 
lished at  Lemberg,  in  1864.  An  unedited 
manuscript  is  in  the  Bodleian  Library  at  Ox- 
ford. A  critical  edition  and  a  translation  are 
needed.  Brief  descriptions  have  been  given  by 
Buttenwieser  and  Charles.  The  book  tells  of 
the  ascent  of  Rabbi  Ishmael  to  heaven  where 
he  receives  a  series  of  revelations  from  the 
angel  Metalron  (Lat.  metator™5  guide),  with 
whom  Enoch  has  been  identified.  Various  parts 
of  Ethiopic  and  Slavonic  Enoch  arc  used  by 
the  author,  though  there  is  no  trace  of  the 
characteristic  ideas  of  the  Parables.  An  apoca- 
lyptic fragment,  preserved  in  the  'Siddur'  of 
R.  Amram  Gaon  (9th  century),  and  apparently 
■written  at  the  time  of  the  Hadrianic  persecu- 
tion, seems  to  furnish  a  link  connecting  Slavonic 
Enoch  with  Hebrew  Enoch,  which  is  likely  to 
be  earlier  than  the  4th  century,  as  it  is  quoted 
in  Babylonian  Talmud,  Berakoth  7a.  What  the 
language  of  any  earlier  Enoch  book  mav  have 
been  cannot  be  inferred  from  this  work ;  for 
when  Aramaic  ceased  to  be  the  vernacular  many 
were  translated  into  Hebrew,  among 
even  the  Aramaicparts  of  Daniel. 
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Nathanifx  Schmibt, 
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Coriw'l  University. 

ENOCH  ARDEN.  Tennyson's  'Enoch 
Arden,'  a  narrative  in  911  lines  of  blank 
verse,  "is  one  of  the  most  popular  poems  of 
modem  times.  Sixty  thousand  copies  of  it 
were  sold  soon  after  its  publication  in  1864  and 
translations  appeared  in  seven  foreign  lan- 
guages.  The  story  itself  was  such  as  to 
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a  wide  appeal,  but  the  poet  enhanced  its  power. 
He  describes  the  life  and  scenery  of  an  English 
Ashing  village  and  a  sailor's  exile  on  a  tropic 
island  with  elaborate,  vivid  detail  and  genuine 
feeling.  He  shows  also  the  strength  and  purity 
in  humble  English  folk,  as  he  imagines  them ; 
of  certain  simple,  universal,  if  restricted,  ideals 
of  family  life  as  seen  in  his  hero's  aspirations 
for  his  children  and  in  his  self-sacrifice  when, 
returning  from  long  absence  to  find  that  he  has 
been  thought  lost  at  sea  and  his  wife  happily 
remarried,  he  refrains  from  disclosing  himself. 
The  story,  as  distinct  from  the  setting,  is  pre- 
sented with  studied,  almost  prim,  simplicity,  but 
with  narrative  effectiveness,  to  be  seen,  for  in- 
stance, in  Enoch's  silent,  self-effacement  after 
beholding  Annie  at  the  hearth  with  Philip  and 
her  children.  False  sentiment  appears,  perhaps, 
in  Enoch's  making  sure  that  his  wife  shall 
biow  of  his  return  after  his  death  and  in  the 
author's  emphasis  upon  the  costliness  of  hit: 
hero's  funeral.  There  is  weight  too  in  Bagehot's 
criticism  that  the  poem  is  an  example  of  ornate 
rather  than  pure  art,  concealing  lack  of  truth 
to  facts  under  beautiful  but  irrelevant  details. 
Nevertheless,  'Enoch  Arden'  holds  its  place  as 
one  of  the  loveliest  descriptive  and  idyllic 
poems  in  English. 

•    William  Haller. 

ENOCK,  C.  Reginald,  English  mining  ex- 
pert and  author :  b.  23  Nov.  1868.  He  has  spent 
many  years  in  various  countries  in  professional 
work  and  in  the  investigation  of  natural  re- 
sources, especially  in  North  and  South  America, 
and  of  the  British  empire.  He  has  carried  out 
scientific  work  for  the  governments  of  Peru 
and  Mexico;  has  given  papers  and  lectures  be- 
fore the  Royal  Geographical  Society,  the  Royal 
Society  of  Arts,  etc.  He  has  taken  an  active 
interest  in  the  work  of  economic  reform.  His 
publications  include  'The  Andes  and  the  Ama- 
zon' (4th  ed.,  1910);  "Mexico*;  'An  Imperial 
Commonwealth'  ;  'Life  and  Travel  in  the  Uni- 
ted States'  (1910)  ;  'Pioneering  and  Map-mak- 
ing' ;  'The  Republics  of  Central  and  South 
America*  (1913);  'Human  Geography  and  In- 
dustry Planning' ;  'The  Tropics,  their  Re- 
sources, People  and  Future' ;  'The  Need  for 
a  Constructive  World  Culture.' 

ENOMOTO,  Buio,  boo'6,  Japanese  states- 
man b.  Tokio  1839;  d.  1909.  He  was  educated 
in  Europe,  and  returning  to  Japan  in  1867  be- 
came the  first  president  of  a  republic  which  he 
established  in  the  island  of  Ycgo,  but  was 
ousted  by  the  Japanese  army  in  1869.  After 
imprisonment  for  two  years  he  was  appointed 
vice-admiral  in  the  Japanese  navy  1874.  He 
served  as  Minister  Plenipotentiary  to  Russia 
and  became  a  member  of  the  Council  of  State 
and  Minister  of  Education  1888,  Minister  of 
Foreign  Affairs  1891  and  Minister  of  Agricul- 
ture and  Commerce  1892,  which  office  he  held 
for  four  years. 

ENOS,  a'nos,  Turkey,  town  on  the  north 
coast  of  the  /Egcan,  70  miles  south  bv  west  of 
Adrianople.  Its  harbor  is  commodious,  but 
much  neglected  and  too  shallow  for  deep-sea 
vessels.  The  trade,  formerly  of  importance, 
has  greatly  decreased,  Enos  having  been  super- 
seded as  an  export  centre  by  the  adjacent  sea- 
port of  Dcdcagatch.  The  town  is  the  see  of  a 
Greek  archbishop.    Homer  attests  its  antiquity 
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by  alluding  to  it  the  'Iliad'  (IV,  519).  Pop. 
7,000,  principally  Greeks. 

ENRIQUEZ  GOMEZ,  en-reTceth  go'meth, 
Antonio  (properly  Enriquez  de  Paz),  Spanish 
poet;  son  of  a  converted  baptized  Portuguese 
Jew:  b.  Segovia  early  in  the  17th  century.  He 
entered  the  army  in  his  20th  year  and  rose 
to  the  rank  of  captain ;  but  in  1636  fled  to 
Amsterdam,  and,  having  there  professed  the 
Jewish  faith,  was  in  1660  burned  in  effigy  at  a 
Seville  auto-da-fe.  The  date  of  his  death  is 
not  known.  Besides  22  comedies,  some  of 
which  passed  as  Calderon's  (n.v.).  he  wrote  a 
number  of  other  works,  both  in  prose  and 
verse:  <La  Vida  dc  Don  Grcgorio  Guadana' 
1644) ;  'La  Culpa  de  Primer  Peregrino' 
Rouen  1644);  'El  Siglo  Pitagorico*  (Rouen 
1647);  *E1  Samson  Nazareno*  (Rouen  1647); 
'Las  Academias  Morales  de  las  Musas'  (Mad- 
rid 1660).  The  first  of  these,  his  lyric  poems, 
and  two  of  his  dramas  have  been  republished  in 
'Biblioteca  de  Autores  Espanoles'  (Vols. 
XXXIII,  XLII,  XLVII,  Madrid  1846-80). 
Consult  Fitzmaurice-Kelly,  J.,  'A  History  of 
Spanish  Literature*  (London  1898)  ;  Ticknor, 
G.,  'History  of  Spanish  Literature'  (3  vols., 
Boston  1872). 

ENROLMENT,  an  entry  on  a  public 
register.  In  England  this  term  denotes  the 
registration  of  recognizances,  deeds  of  sale, 
etc.,  on  the  rolls  of  chancery  or  of  the  ordinary 
courts,  or  by  a  clerk  of  the  peace  on  the  records 
of  a  court  of  Quarter  Sessions.  The  term  in 
this  sense  dates  from  the  enactment  in  1536  of 
the  Statute  of  Enrolments,  designed  to  prevent 
the  practice  of  secret  conveyances  and  requir- 
ing as  a  condition  of  their  validity  that  they  be 
enrolled  or  recorded,  within  six  months  of  their 
date,  in  the  manner  prescribed  by  the  act.  See 
Conveyance  ;  Registration  ok  Property  Titles. 

ENS.   See  Enns. 

ENSCHEDE\  cn-ska-da',  Johannes,  Dutch 
printer:  b.  Haarlem  1708;  d.  1780.  He  re- 
ceived his  education  at  Leyden  and  in  due  time 
became  head  of  the  printing  firm  which  his 
father  had  established.  He  introduced  the  type 
known  as  Holland  Gothic  and  did  much  to  tur- 
thcr  the  art  of  printing.  In  1768  his  firm  issued 
the  'Proef  van  Lcttern,'  specimens  of  printing 
types.   His  firm  is  still  in  business  in  Haarlem. 

ENSCHEDE,  Holland,  town  in  the  prov- 
ince of  Overyssel,  30  miles  cast-northeast  of 
Zutphen.  Rebuilt  since  its  destruction  by  fire 
in  1862,  it  has  large  yarn-  and  cotton-mills,  iron 
products,  print  goods  and  electrical  machinery. 
Pop.  35,448. 

ENSEMBLE,  all  the  parts  of  a  thing  taken 
as  a  whole,  or  the  general  effect  produced  by 
them.  Thus  the  word  is  used  to  designate  the 
general  effect  of  a  drama,  opera  or  picture. 

ENSENADA,  cn-sa-na'da  (Spanish,  a  creek, 
cove  or  bay).  (1)  Seaport  of  Argentina,  in  the 
province  of  Buenos  Aires  It  is  the  port  of 
La  Plata  and  is  about  40  miles  southeast  of 
Buenos  Aires.  (2)  Seaport  of  Mexico,  in  the 
northern  part  of  Lower  California,  on  the  Pa- 
cific coast,  at  the  head  of  the  Bay  of  Todos  los 
Santos,  about  50  miles  south  of  the  border  and 
70  miles  southeast  of  San  Diego,  Cal.  It  has 
some  few  local  manufactories  and  is  the  seat  of 
a  United  States  Consul.    Pop.  2.170. 
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ENSIGN,  Oryille  Hiram,  American  elec- 
trical and  mechanical  engineer:  b.  Ithaca,  N. 
Y.,  8  July  1863.  He  was  educated  at  Cornell 
University.  From  1882  to  1890  he  served  as 
machinist  at  Ithaca,  Schenectady  and  New  York, 
after  which  he  was  engaged  as  consulting  engi- 
neer to  several  public  service  companies  in  Los 
Angeles  and  vicinity.  In  1897  he  became  super- 
intendent and  chief  engineer  of  the  Southern 
California  Power  Company,  and  in  this  capacity 
planned  and  constructed  the  first  successful 
30,000-volt  long-distance  transmission  in  the 
world,  and  when  this  company  was  merged  with 
the  Edison  Electric  Company  he  became  super- 
intendent and  chief  electrical  and  mechanical 
engineer  until  1904,  when  he  was  appointed 
chief  electrical  and  mechanical  engineer  of  the 
United  States  Reclamation  Service  and  of  the 
Los  Angeles  Aqueduct. 

ENSIGN,  the  flag  or  colors  of  a  regiment, 
in  England,  consisting  of  a  field  of  white,  blue 
or  red,  with  the  union  in  the  upper  corner,  near 
the  staff.  Of  naval  ensigns  the  white  flag 
is  confined  to  the  royal  navy,  the  red  to  the 
merchant  service,  the  blue  to  the  naval  reserves. 
In  the  American  navy  the  ensign  is  the  national 
flag,  and  it  is  also  flown  by.  the  merchant  serv- 
ice. In  England,  up  to  1871,  the  lowest  grade 
of  commissioned  officers  in  a  regiment  of  in- 
fantry, by  the  senior  of  whom  the  regimental 
ensigns  or  colurs  were  carried.  The  corre- 
sponding rank  in  a  cavalry  regiment  was  cornet. 
The  name  is  now  abolished,  the  title  of  2d 
lieutenant  being  substituted  for  it.  Also  the 
title  of  the  lowest  grade  of  commissioned  offi- 
cers in  the  United  States  navy,  which  they 
receive  on  graduation  from  the  Naval  College. 
In  the  16th  century-  ensign  was  corrupted  into 
ancient  and  is  so  used  in  Shakespeare,  and  was 
at  that  time  applied  in  the  two  senses  of  a  flag 
and  the  bearer  of  a  flag.    See  Flag. 

ENSIGN  STAL'S  TALES  (Fanrik  Stals 
Sagner).  The  best  known  work  of  Johan 
Ludvig  Runeberg,  the  greatest  Swedish  poet  of 
Finland ;  appeared  in  two  parts,  the  first  in 
1848  and  the  second  in  1860.  Most  of  the 
poems  are  narratives  and  relate  incidents  from 
the  war  of  1808-09,  when  the  Finns  tried  in  vain 
to  stem  the  Russian  invasion.  The  poems  cele- 
brate the  heroes  of  this  struggle  and  present 
scenes  of  great  dramatic  power.  The  first 
poem,  entitled  'Vart  land'  (Our  Country),  is 
highly  lyrical  and  has  become  the  national  hymn 
of  Finland.  The  tales  form  a  connected  whole, 
even  if  the  person  of  the  ensign  often  steps 
behind  the  scenes.  Although  arranged  rather 
loosely  and  without  strict  chronology  thejf  all 
refer  to  the  war,  and  they  all  have  the  same 
general  theme.  This  theme  is  love  of  country. 
Runeberg  was  inspired  with  a  profound  love 
for  his  native  land  and  for  its  history,  and  was 
charmed  by  its  natural  beauty.  In  his  poems 
he  lauds  the  patriotism,  the  self-sacrifice  and 
devotion  of  the  men  and  women  who  suffered 
and  died  for  Finland.  'Ensign  Stal's  Tales' 
are  imbued  with  sound  humor.  While  the 
background  throughout  is  the  deeply  tragic 
struggle  in  a  hopeless  cause,  humorous  touehes, 
artistically  interwoven,  relieve  the  strain.  Con- 
sult Estlanderg,  C.  G.,  'Runeberg' s  Skaldskap' ; 
Wrangel.  Ewcrt.  (Om  Fanrik  Stal's  saener' ; 
Laerus.  Ernst,  'Forklaringar  till  Fanrik  Stal's 
sagner.'  J.  Alexts. 
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ENSILAGE,  en'sMaj.    See  Soage. 

ENSTATITE,  Mg  Si  O,.  a  silicate,  chiefly 
of  magnesium,  but  also  containing  more  or  less 
iron  and  aluminum.  The  mineral  commonly  oc- 
curs in  massive  or  fibrous  forms,  but  distinct 
crystals,  prismatic  in  habit  and  belonging  to  the 
orthorhombic  system,  are  also  occasionally 
found.  Its  color  varies;  it  may  be  white,  green- 
ish or  brown.  Its  hardness  is  5.5,  and  its  spe- 
cific gravity  about  3.2.  Enstatite  is  a  common 
constituent  of  peridotites,  crystalline  schists  and 
meteorites,  and  is  also  associated  with  certain 
serpentines.  It  belongs  in  the  pyroxene  group, 
is  insoluble  in  hydrochloric  acid  and  before  the 
blow-pipe  it  fuses  only  along  its  thin  edges. 
The  name  (Greek,  "adversary*)  refers  to  these 
refractory  qualities.  It  is  found  in  Putnam 
County,  N.  Y^  Bavaria,  the  Harz  Mountains, 
Moravia  and  Tyrol. 

ENTABLATURE,  in  architecture,  the  hori- 
zontal, continuous  work  which  rests  upon  a  row 
of  columns  and  belongs  especially  to  classical 
architecture.  It  consists  of  three  principal  di- 
visions, the  epistyle  or  architrave  immediately 
above  the  abacus  of  the  column,  next  the  frieze, 
and  then  the  cornice.  In  large  buildings  pro- 
jections similar  to  and  known  also  as  entabla- 
tures are  often  carried  .round  the  whole  edifice 
or  along  one  front  of  it.  Consult  Boettichcr, 
K.  G.  W.,  'Die  Tcktonik  dcr  Hellenen'  (Berlin 
1874);  Hirt,  A.  L..  'Die  Baukunst  nach  den 
Grundsatzen  der  Alten'  (Berlin  1809);  Kohte.  I., 
'Die  Baukunst  de*  Klassischen  Altertums,  etc.' 
(Braunschweig  1915);  Marquand,  A.,  'Greek 
Architecture'  (New  York  1909);  Uhde,  C. 
'The  Architectural  Forms  of  the  Classic  Ages, 
etc.'  (edited  by  R.  P.  Spiers,  Berlin  1909). 

ENTADA,  a  genus  of  leguminous  plants 
containing  about  a  dozen  species  of  climbing 
tropical  shrubs,  remarkable  for  the  great  size  of 
their  pods.  E.  scandens  has  pods  which  meas- 
ure from  six  to  eight  feet  in  length.  The  seeds 
have  a  hard,  woody  and  beautifully  polished 
shell,  and  are  often  made  into  snuff-boxes, 
scent-bottles,  etc. 

ENTAIL,  the  settlement  of  an  estate  so 
that  it  shall  pass  according  to  a  certain  rule  of 
descent.  In  England  after  the  Norman  Con- 
quest estates  were  frequently  granted  to  a  man 
and  the  heirs  of  his  body,  but  in  time  the  law 
courts  interpreted  such  grants  as  conferring  a 
fee- simple  conditional,  so  that  when  the  condi- 
tion, namely,  the  begetting  of  an  heir,  was  ful- 
filled, the  estate  became  a  fee-simple  absolute 
and  could  be  alienated  by  the  grantee.  The 
statute  aDe  Donis  Conditionalibus,*  passed  in 
1285,  declared  that  this  interpretation  was  con- 
trary to  the  intention  of  the  grantors,  and  en- 
acted that  in  all  future  grants  of  this  nature  the 
grantee  should  have  no  power  to  alienate  the 
estate,  and  that  on  the  failure  of  issue  the  land 
should  revert  to  the  grantor.  The  effect  of  this 
statute  was  to  prevent  the  free  conveyance  of 
land,  but  gradually  the  lawyers  created  a  series 
of  proceedings  known  as  fines  and  recoveries, 
by  means  of  whieh  a  tenant  in  possession  could 
bar  the  entail  and  convert  his  estate-tail  into  a 
fee-simple,  that  is,  into  his  absolute  property. 
( See  Ffe)  .  These  remedies  created  by  the  court* 
were  abolished  by  the  Fines  and  Recoveries  Act. 
passed  in  1833,  and  a  direct  means  of  barring 
entails  was  introduced.  This  statute  enacts  that 
every  actual  tcnant-in-tail  shall  have  full  power 
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to  dispose  of,  for  an  estate  in  fee-simple  abso- 
lute, or  for  any  less  estate,  the  lands  entailed; 
but  a  tenant-in-tail  in  remainder,  expectant  on 
an  estate  of  freehold,  cannot  bar  the  entail, 
though  he  may  bar  his  own  issue,  without  the 
consent  of  the  'protector  of  the  settlement," 
who  is  usually  the  tenant  for  life. 

ENTASIS,  en'ta-sis,  in  architecture,  the 
delicate  outward  curve  of  a  column,  found  in 
perfection  in  the  Doric  column,  by  which  an  arc 
is  described  whose  highest  point  is  about  mid- 
way between  capital  and  base.  This  swelling  of 
the  column  is  intended  to  counteract  the  optical 
error  by  which  a  rigidly  straight  perpendicular 
line  has  a  tendency  to  appear  concave.  The 
entasis  is  also  calculated  to  suggest  life  and  mo- 
tion in  the  column  under  the  superimposed 
weight  of  the  entablature.  Consult  Goodyear, 
W.  H.,  'Greek  Refinements'  (New  Haven 
1912)  ;  Penrose,  F.  C,  'An  Investigation  of  the 
Principles  of  Athenian  Architecture'  (London 
1851) 

ENTELBCHY,  en-teTe-kl,  a  Greek  word 
meaning  "the  bringing  to  completion,"  in  the 
peripatetic  philosophy  of  Aristotle  is  the  transi- 
tion or  connecting  action  between  what  he  calls 
dhitftif ,  potentially  and  V>°»',  actuality;  that 
which,  among  the  schoolmen,  is  conceived  as 
intervening  between  the  posse  and  the  esse, 
for  example,  between  the  infinite  possibilities  of 
omnipotence  in  the  Supreme  Being  and  their 
manifestation  in  creation  and  active  providence. 

ENTELLUS  MONKEY,  a  book-name  for 
the  langur  (Semnopithecus  entellus).  the  sacred 
monkey  of  Hindustan,  representative  of  the  god 
Hanaman.    Sec  Lanc.ur. 

ENTELODONTS,  a  group  of  split-hoofed, 
swine-like  animals  of  early  Tertiary  time,  the 
giant  pigs,  represented  in  both  the  Old  and  New 
Worlds.  In  North  America  their  fossil  remains 
are  found  in  rocks  from  Eocene  to  Lower  Mio- 
cene age  from  New  Jersey  to  the  Rocky  Moun- 
tains. The  head  was  very  long,  the  neck  short, 
the  body  compact,  the  long  spines  of  the  dorsal 
vertebrae  forming  a  decided  hump  on  the  shoul- 
ders, and  in  some  the  legs  were  very  long  and 
slender,  giving  a  stilted  appearance  to  the  ani- 
mal. The  teeth  were  large  and  strong,  espe- 
cially the  incisors  and  premolars  (sharp  cutting- 
teeth)  and  the  canines  were  large  but  not  de- 
veloped in  formidable  exterior  tusks  as  in  mod- 
ern wild  boars.  The  brain-case  was  "absurdly 
small."  says  Scott ;  and  "evidently  these  great 
pigs  were  profoundly  stupid."  Beneath  each 
eye  was  a  long,  descending,  bony  process,  and 
the  lower  jaw  had  in  its  under  side  two  pairs 
of  bony  protuberances,  which  Osborn  believes 
were  for  the  attachments  of  the  great  muscles 
needed  in  tearing  up  roots,  which  there  is  reason 
to  believe  formed  their  principal  food  (Brack- 
ett).  The  genus  Dinohyus,  of  the  Upper  Oligo- 
cene  of  Nebraska,  contained  species  six  feet  or 
more  in  height,  and  others  were  scarcely  less. 
Consult  Scott.  'Land  Mammals  in  the  Western 
Hemisphere*  (New  York  1913). 

ENTENTE  CORDIALE  (Fr.,  cordial 
understanding),  a  term  commonly  applied  to 
the  reconciliation,  in  1904,  between  France  and 
Great  Britain  after  many  years  of  enmity.  In 
diplomatic  language  the  phrase  signifies  a  close 
friendship  between  two  or  more  nations,  though 
without  any  formal  alliance  existing  between 
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them.  Sec  Alliances;  Triple  Alliance; 
Triple  Entente. 

ENTERALGIA,  en-te-ril'ji-a.  See  Enter- 
itis. 

ENTERIC  FEVER.   See  Typhoid  Fever. 

ENTERITIS,  an  inflammation  of  the  small 
intestine,  the  most  important  symptom  of  which 
is  diarrhoea.  Different  varieties  of  enteritis  are 
described  as  catarrhal  enteritis,  the  acute  entero- 
colitis of  children,  or  cholera  infantum,  croup- 
ous enteritis,  and  enteritis  due  to  tuberculosis, 
carcinoma,  and  other  malignant  diseases.  In 
primary  enteritis  the  symptoms  may  be  acute  or 
chronic,  the  most  important  single  symptom 
being  diarrhoea.  The  stools  are  thin  and  watery, 
and  particles  of  undigested  food  may  be  found 
in  them.  There  is  usually  colicky  pain  with  gas, 
and  occasional  vomiting.  Loss  q(  appetite, 
thirst  and  dry  tongue  are  usually  present,  but 
fever  is  not  common.  The  general  causes  of 
catarrhal  enteritis  arc  improper  food,  particu- 
larly in  children,  unripe  fruit,  toxic  substances, 
changes  in  the  weather,  and  nervous  influences 
bringing  about  changes  in  the  character  of  the 
secretions  and  in  the  muscular  activities  of  the 
walls  of  the  intestines.  Infectious  diseases  may 
also  be  the  cause  of  acute  enteritis.  Rest  in  bed, 
following  a  mild  laxative  such  as  calomel  or 
castor  oil,  together  with  mitk  diet,  will  usually 
be  sufficient  treatment  for  the  simple  cases. 

Acute  enteritis  of  infants,  known  as  cholera 
infantum  (q.v.),  is  a  much  more  serious  disease. 
This  is  a  form  of  dysentery,  in  which  not  only 
the  small  intentinc  but  the  large  intestine  also  is 
involved,  and  the  most  active  cause  of  this  dis- 
ease is  a  specific  micro-organism  called  the  bacil- 
lus of  Shiga.  Treatment  of  acute  enteritis  of 
infants  requires  trained  medical >advicc.  The 
most  important  feature,  however,  in  infants  is 
to  cut  down  the  feeding,  giving  practically 
nothing  but  water  for  at  least  24  to  36  hours. 
Horses,  cattle  and  sheep,  too.  are  subject  to 
enteritis,  and,  unless  properly  and  promptly 
treated,  are  apt  to  succumb  to  it.  See  Cholera 
Infantum;  Coiitis;  Dysentery;  Intestines  — 
Diseases  of. 

ENTEROCLYSIS,  a  form  of  intestinal 
hydrotherapy  of  much  importance.  It  consists 
in  lavage  of  the  intestines.  The  ordinary  hot- 
water  enema  is  the  simplest  form  of  enterocly- 
sis, but  true  enteroclysis  consists  in  continuous 
irrigation  with  large  quantities  of  solution, 
either  with  a  single  or  a  double  tube.  The  effect 
of  the  introduction  of  large  amounts  of  hot 
salt  solution  (a  dram  of  common  table-salt  to  a 
pint  of  water  at  a  temperature  of  from  110° 
to  118°  F.)  is  very  marked.  There  is  much 
increase  in  the  tension  of  the  pulse,  and  pro- 
nounced stimulation  of  the  heart-action,  both 
of  prime  importance  in  the  treatment  of  hemor- 
rhage, shock,  asphyxiation  from  drowning  or 
from  coal-gas  poisoning,  and  of  many  forms 
of  drug  and  industrial  poisoning.  Enteroclysis 
has  also  a  marked  effect  in  augmenting  the  se- 
cretion of  the  kidney,  and  proves  of  immense 
importance  in  the  treatment  of  chronic  uraemic 
poisoning,  such  as  is  seen  in  Bright's  disease, 
and  also  in  the  treatment  of  diabetic  coma.  It 
is  likewise  of  importance  in  bladder  troubles, 
in  colitis,  in  peritonitis,  septic  endocarditis,  and 
in  ulcerative  conditions  of  the  large  intestine, 
such  as  are  found  in  dysentery  and  in  cholera. 
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Entcroclysis  is  also  an  excellent  mode  of  treat- 
ing collapse  in  chronic  alcoholism. 

ENTERPRISE,  The,  the  name  of  a  number 
of  American  and  English  boats,  the  most 
famous  of  which  was  an  American  12-gun 
schooner  with  such  a  brilliant  career  that  she 
became  known  as  the  "Lucky  Little  Enterprise .» 
Built  1799  to  deal  with  the  French  privateers 
in  the  West  Indies,  she  had  an  extraordinary 
cruise  in  1800  under  the  command  of  Lieut. 
John  Shaw :  in  a  six  months'  run  she  took 
eight  privateers,  some  of  them  much  heavier 
than  herself,  and  aggregating  47  guns,  and  also 
recaptured  four  American  merchantmen.  In 

1801  she  was  sent  under  Lieut.  Andrew  Stcrett 
with  Captain  Dale's  squadron  to  the  Mediter- 
ranean against  the  Barbary  pirates,  captured  a 
14-gun  Tripolitan  after  a  fierce  engagement,  and 
later  was  at  the  bombardment  of  Tripoli.  In 
December  1801  she  returned  to  the  United 
States,  but  went  back  to  the  Mediterranean  in 

1802  under  Lieut.  Isaac  Hull.  In  1803  she  was 
under  the  command  of  Lieut.  Stephen  Decatur 
(q.v.),  who  in  December  of  that  year  captured 
with  her  the  Tripolitan  Mastico  which  later  be- 
came famous  in  connection  with  Decatur's  re- 
capture of  the  Philadelphia.  Between  1805  and 
1809  the  Enterprise  was  in  home  waters.  From 
1809-11  she  was  once  more  in  the  Mediter- 
ranean, this  time  under  Lieutenant  Trippc.  Her 
most  memorable  battle  was  during  the  War  of 
1812  and  was  fought  with  the  English  brig 
Boxer,  Captain  Blythe,  on  5  Sept.  1813,  off  the 
Maine  coast,  toward  Monhcgan  Island.  By 
that  time  she  had  been  converted  into  a  brig, 
carried  16  guns  and  was  under  Lieut.  William 
Burrows;  the  Boxer  had  14  guns.  The  crews 
were  about  100  each.  The  fight  began  at  3 :20 
p.m.,  and  was  ended  at  4  by  the  surrender  of 
the  Boxer,  literally  cut  to  pieces  in  hull,  masts, 
rigging  and  spars,  several  of  her  guns  dis- 
mounted, boats  and  quarters  shattered ;  the 
Enterprise  was  almost  uninjured,  with  but  one 
shot  in  the  hull  and  one  in  the  main-mast. 
Both  commanders  were  killed  and  were  later 
buried  side  by  side  at  Charleston.  Burrows 
who  had  received  his  mortal  wound  during  the 
progress  of  the  fight  was  succeeded  by  Lieuten- 
ant McCall.  After  this  heroic  battle  the  Enter- 
prise, together  with  some  other  boats,  cruised 
for  some  time  in  southern  waters  under  Lieut- 
James  Renshaw  and  there,  even  though  she 
had  lost  much  of  her  former  speed  by  the 
structural  changes  made  upon  her,  escaped  at 
a  number  of  occasions  from  English  boats 
which  were  attempting  to  capture  her.  She 
then  served  until  the  end  of  the  war  as  harbor 
guard  at  Charleston.  From  1816-19  she  was 
again  attached  to  the  Mediterranean  squadron, 
this  time  under  Lieut.  Laurence  Kearney.  In 
1821  she  cruised  in  the  West  Indies  and  suc- 
cessfully broke  up  the  pirates  then  swarming 
in  those  waters.  In  1823  she  was  wrecked  on 
Curacoa,  but  all  hands  were  saved.  A  famous 
English  boat  bearing  the  name  Enterprise  was 
one  of  three  masts  which,  under  the  command 
of  Capt.,  later  Adm.,  Richard  Collinson, 
made,  from  1850—55.  one  of  the  many  unsuccess- 
ful searches  for  Sir  John  Franklin's  ships  in 
the  Arctic.  Consult  Collinson,  Sir  R  ,  '  Journal 
of  II  M.  S.  Enterprise*  (London  1889)  ;  Hill, 
F  S  ,  'Twenty- Six  Historic  Ships >  (New  York 
1903)  ;  'The  Romance  of  the  American  Navy* 
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(New  York  1910)  ;  'The  "Lucky  Little  Enter- 
prise"; etc.'  (Boston  1900);  Maclay,  E.  S..  'A 
History  of  American  Privateers'  (New  York 
1899);  'A  History  of  the  United  States  NaW 
(3  vols..  New  York  1902)  ;  Morris,  C,  'Heroes 
of  the  Navy  in  America'  (Philadelphia  1907); 
Speers,  J.  R.,  'The  History  of  Our  Navy*  (4 
vols.,  New  York  1897)  ;  'A  Charmed  American 
Warship'  (in  Harper's  Magazine,  Vol.  CIV,  pp. 
927-936,  New  York  1902). 

ENTFUHRUNG  AUS  DEM  SERAIL, 

cnt-fur'oong  ous  dam  sa-rfi",  Die  (II  Seraglio). 
An  opera  by  Mozart,  which  was  produced  for 
the  first  time  at  Vienna  on  13  July  1782  and  at 
New  York  in  October  1862. 

ENTHYMEME,  in  logic,  the  technical 
name  for  a  syllogism  of  which  either  one  prem- 
ise or  the  conclusion  is  not  expressed.  For 
example,  "The  Lusitania  must  have  been  steam- 
ing under  20  knots  for  it  was  torpedoed*— 
the  unexpressed  premise  being  "A  steamship 
steaming  over  20  knots  cannot  be  torpedoed.0 
See  Logic. 

ENTOMBMENT,  The,  a  favorite  subject 
of  the  painters  of  all  the  centuries  has  been 
this  representation  of  the  placing  of  Christ's 
body  in  the  sepulchre.  Of  all  perhaps  the  most 
famed  is  that  by  Raphael  (1507),  now  in  the 
Palazzo  Borgh  esc,  Rome.  The  finest  is  that  in 
the  Louvre  by  Titian  (1523).  The  Madrid  Gallery 
has  another  Titian  but  it  is  inferior  in  concep- 
tion to  that  of  the  Louvre.  Other  representa- 
tions of  this  subject  arc  those  by  Caravaggio, 
Tintoretto,  Ferrari  (Turin),  Carracci  (Louvre). 
Donatello  (a  sculpture  group  in  the  South  Kens- 
ington Museum,  London),  and  Van  Dyck  (in 
Antwerp). 

ENTOMIS,  a  genus  of  fossil  ostracods, 
having  a  vertical  furrow  along  their  shell 
valves.  It  is  found  in  the  Ordovician  and  Car- 
boniferous and  all  intermediate  strata,  espe- 
cially the  Devonian.   See  Ostracoda. 

ENTOMOLOGICAL  SOCIETIES.  Half 
a  century  ago  a  single  entomological  society 
was  all  that  had  been  organized  in  the  United 
States,  hut  at  present  there  are  probably  up- 
ward of  a  score  of  organizations  devoted  to 
this  science.  The  first  entomological  society  of 
which  we  have  record  was  formed  in  1842. 
This  was  The  Entomological  Society  of  Penn- 
sylvania, which  has  long  been  out  of  existence. 
The  American  Entomological  Society  of  Phila- 
delphia, founded  in  1859  under  the  name  of 
The  Entomological  Society  of  Philadelphia, 
and  incorporated  in  1862.  published  'Proceed- 
ings* until  1868.  when  the  society  name  was 
changed  and  the  publications  became  known  as 
'Transactions.'  This,  as  well  as  some  of  the 
other  societies  that  will  be  mentioned,  is  sup- 
ported by  a  permanent  endowment  fund,  owns 
very  extensive  and  valuable  collections  and  a 
library,  which  are  deposited  with  the  Academy  of 
Natural  Sciences  of  Philadelphia,  of  which  insti- 
tution its  members  are  associate  members  of  the 
entomological  section.  Under  the  combined  aus- 
pices of  these  organizations  there  is  now  pub- 
lished Entomoloaical  News.  The  Entomologi- 
cal Society  of  Ontario  publishes  the  Canadian 
Entomologist  which  began  publication  in  1868, 
though  the  society  had  a  previous  existence 
under  the  name  of  The  Entomological  Society 
of  Canada.     It  is  supported  by  an  annual 
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government  grant  and  the  sale  of  its  pub- 
lications. The  Brooklyn  Entomological  Soci- 
ety was  organized  in  1872  and  ir.  1888,  while 
retaining  a  corporate  existence,  became  merged 
in  the  Brooklyn  Institute,  forming  the  depart- 
ment of  entomology  of  that  institution.  It  pub- 
lishcd  seven  volumes  of  a  ' Bulletin'  and  six 
volumes  of  '  Entomologica  Americana.'  The 
Cambridge  Entomological  Club,  founded  at 
Cambridge,  Mass..  in  1874,  publishes  Psyche, 
a  quarterly  originally  devoted  largely  to  biblio- 
graphical and  biological  entomology.  The  same 
year  The  Entomological  Club  of  the  American 
Association  for  the  Advancement  of  Science 
was  formed.  In  1884  The  Entomological  Sqci- 
ctv  of  Washington  was  organized,  publishing 
'Proceedings.'  The  Association  of  Economic 
Entomologists,  as  has  previously  been  men- 
tioned, was  established  in  1889.  Its  'Proceed- 
ings' arc  published  in  the  general  series  of 
bulletins  of  the  Division  of  Entomology  of  the 
United  States  Department  of  Agriculture.  In 
1881  The  New  York  Entomological  Club  began 
the  publication  of  'Papilio,'  but  at  the  end  of 
its  4th  volume  its  members  joined  the  Brook- 
lyn Entomological  Society.  In  1892,  however, 
another  society  was  organized  in  New  York  as 
The  New  York  Entomological  Society.  It  was 
incorporated  in  1899. 

In  addition  to  these  principal  publishing  en- 
tomological associations  there  are  several  other 
entomological  sections  of  larger  scientific  soci- 
eties in  Canada  and  in  the  United  States.  There 
are  also  local  clubs  or  societies  in  various  sec- 
tions, for  example,  in  Newark.  N.  J.;  at  Wil- 
liamsburg, N.  Y. ;  at  Chicago,  Pittsburgh  and  in 
San  Francisco,  the  home  of  the  California  En- 
tomological Society. 

There  are  many  foreign  societies,  nearly  all 
of  the  largest  cities  of  Europe  supporting  one 
or  more,  usually  holding  titles  significant  of  an 
entire  nation,  for  example,  there  arc  entomo- 
logical societies  of  Belgium,  France,  Switzer- 
land, Russia,  Italy  and  Germany,  and  others 
representing  the  cities  of  London,  Berlin,  Vi- 
enna and  Stockholm.  See  also  American  En- 
tomological Society  and  consult  Skinner.  H. 
(ed.),  *  Entomologists'  Directory,  containing  the 
names,  addresses,  special  departments  of  study, 
etc.,  of  those  interested  in  the  study  of  insect 
life  in  the  United  States  and  Canada'  (Phila- 
delphia 1904). 

ENTOMOLOGY,  the  science  which  deals 
with  insects.    Sec  Insects. 

ENTOMOLOGY,  Bcononvc.  Attacks  bv 
insects  upon  useful  plants  doubtless  began  with 
the  first  cultivation  of  plants;  but  it  was  not 
until  the  end  of  the  18th  century  that  any 
means  for  mitigating  their  ravages  were  cm- 
ployed  beyond  hand  methods  and  other  purely 
mechanical  measures.  A  few  crude  efforts 
were  made  among  the  ancient  farmers  and 
fruit-raisers  on  the  shores  of  the  Mediterranean 
toward  the  suppression  of  insect  pests  and  Pliny 
even  advised  the  use  of  white  hellebore,  one 
of  the  modern  insecticides;  but  it  was  at  about 
the  middle  of  the  19th  century  that  insecticides 
(cj.v.)  or  insect  poisons  began  to  be  generally 
adopted,  and  the  migration  of  the  Colorado  po- 
tato beetle  from  its  native  home  in  the  Rorky 
Mountain  region  to  the  potato  fields  of  the 
East  was  the  indirect  means  of  the  employment 
of  arsenical  preparations  as  a  means  of  destroy- 
to— 26 


ing  insects;  so  that  this  insect,  while  an  appar- 
ent curse,  has  proved,  indirectly,  of  the  great- 
est value  to  the  agricultural  community  at  large. 
Prior  to  the  use  of  Paris  green,  which  appears 
to  have  first  been  applied  to  this  potato  pest 
in  Michigan  in  1867,  knocking  the  beetles  from 
the  infested  plants  into  a  pan  of  water  was  the 
only  method  of  treatment  and  was  used  for 
many  other  insects  as  well.  The  discovery  of 
the  value  of  this  poison  as  a  remedy  for  the 
codling  moth  was  made  in  1878,  by  Prof.  A.  }. 
Cook,  who  used  Paris  green  as  a  remedy  for 
canker-worms  and  found  that  the  trees  treated 
with  it  were  free  from  codling  moth.  To  Pro- 
fessor Cook  also  is  probably  due  the  first  use 
of  kerosene  mixed  with  soap,  although  the 
kerosene  emulsion,  which  is  now  a  standard 
remedy  for  all  sucking  insects,  was  the  joint 
product  of  Messrs.  Barnard,  Hubbard  and 
Riley,  and  first  used  in  1877.  White  arsenic 
was  employed  as  an  insecticide  as  early  as  1S71 
and  London  purple  was  put  to  practical  use  in 
the  destruction  of  the  cotton  worm  in  1878. 
London  purple  has  since  been  displaced  by  va- 
rious other  insecticides,  as  it  has  proved  in- 
ferior to  Paris  green,  which,  in  turn,  has  been 
replaced  by  arsenate  of  lead,  because  the  latter, 
while  poisoning  the  insects,  does  not  scald  or 
otherwise  injure  the  plants.  In  the  same  man- 
ner the  discovery  of  Paris  green  as  a  remedy 
for  the  Colorado  potato  beetle  was  made 
through  the  migrations  of  this  insect,  the  rav- 
ages of  the  cotton  cushion  scale  (Icerya  pur- 
chase) of  the  orange  orchards  of  California 
led  to  experiments  conducted  by  Mr.  D.  W.  Co- 
quillett,  of  the  United  States  Department  of 
Agriculture,  in  1886,  to  the  finding  of  hydrocy- 
anic-acid gas  as  the  best  medium  for  extirpation 
of  scale  insects  (q.v. ),  and  to  its  general  use  in 
fumigation  for  all  insects  which  can  be  treated 
with  it  In  1895  Messrs.  A.  F.  Woods  and 
P.  H.  Dorsett,  also  of  the  Department  of  Agri- 
culture, began  experiments  which  led  to  the 
adoption  of  a  perfected  system  of  fumigation 
with  the  same  gas  of  plants  grown  under  glass 
and  injured  by  scale  and  other  insects. 

Our  best  remedies  for  insects,  then,  arseni- 
cal mixtures  and  kerosene  emulsion  and  other 
preparations,  and  hydrocyanic-acid  gas,  are  the 
product  of  American  research.  The  bisulphide 
of  carbon  as  an  insecticide,  however,  though  the 
discovery  of  a  foreigner,  has  doubtless  received 
greater  attention  in  our  country  than  else- 
where. It  was  first  employed  by  M.  Doyere, 
as  early  as  1856,  as  a  remedy  for  weevils  in 
stored  grain,  which  is  still  its  principal  use; 
but  its  cost  when  first  employed  was  so  exces- 
sive as  to  preclude  its  general  employment  on  a 
large  scale.  Subsequently  a  high  grade  of  this 
chemical,  known  as  "fuma-bisulphide,"  was  made 
for  sale  at  10  cents  a  pound.  It  supplements 
the  use  of  hydrocyanic-acid  gas  in  that  the 
former  is  used  for  the  fumigation  of  plants 
above  ground,  while  the  latter  destroys  insects 
affecting  the  root-system.  Both  gases  are  used 
for  the  treatment  of  indoor  insects  in  granaries 
and  mills  and  in  dwellings  and  warehouses. 
Although  these  are  the  main  insecticides,  there 
are  others,  nearly  all  of  which  owe  their  dis- 
covery- and  perfection  to  economic  workers  in 
America.  They  include  pyrethrum,  better 
known  as  Buhach,  Persian  and  Dalmatian  in- 
sect powders,  the  extensive  use  of  which  has 
resulted  in  the  establishment  of  a  considerable 
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industry  in  the  growing  of  the  principal  plants 
which  produce  these  powders  (fyrelhrmn  cine- 
raria folium  and  I'yrethrum  foseum) ;  and 
whale-oil  and  fish-oil  soaps,  originally  used 
against  the  hop  aphis  in  1886,  and  later  against 
scales. 

In  more  recent  years  lime-sulphur  combina- 
tions have  been  used  as  washes  and  sprays 
against  scales  and  other  sucking  insects  with 
good  results.  Still  more  recently  nicotine  sul- 
phate standardized  at  40  per  cent  purity  has 
come  into  general  use  as  a  contact  insecticide 
for  the  same  class  of  insects,  and  is  now  a 
standard  remedy  in  combination  with  soap  for 
the  control  of  aphides  or  plant-lice,  the  on  on 
and  pear  thrips  and  related  species,  leafhoppcrs, 
plant-bugs  and  many  others.  Prior  to  this  time 
tobacco  preparations  were  used  but  with  in- 
different success  except  on  a  restricted  number 
of  insect  pests. 

Quassiin  is  the  subject  of  investigation  as  a 
contact  insecticide.  Of  arsenical  poisons  arsc- 
nite  of  zinc  and  arsenate  of  calcium  are  effec- 
tive but  not  superior  to  arsenate  of  lead.  Ad- 
hesives,  such  as  whale-oil  (fish-oil)  and  other 
soaps,  are  also  in  general  use  under  the  name 
of  "stickers.8  Repellents,  to  prevent  such  in- 
sects as  the  parent  flies  of  root-maggots  from 
depositing  their  eggs,  are  being  successfully  em- 
ployed and  in  some  cases  odorous  substances 
arc  being  used  to  attract  insects  from  their  nat- 
ural foods  where  they  can  be  destroyed. 

As  fumigants,  hydrocyanic-acid  gas  gener- 
ated from  sodium  cyanid  is  in  general  use  for 
the  destruction  of  mill  and  granary  insects, 
greenhouse  and  household  pests  Carbon  te- 
trachloride and  para-dichlorobenzene  are  excel- 
lent fumigants,  but  too  costly  for  general  use. 
Insects  affecting  stored  products  and  pests  in 
households  may  also  be  controlled  by  heat  — 
an  old  remedy  which  is  now  employed  in  many 
mills  and  warehouses  where  steam-heating 
plants  are  installed. 

During  the  early  years  of  work  in  spraying 
for  various  insects  the  principal  dependence  was 
placed  in  American  insecticide  machinery,  hut 
after  the  invention  of  different  forms  of  nozzles 
by  M.  Vcrmorel,  of  France,  various  other  noz- 
zles, pumps  and  other  machinery  were  invented 
in  America  and  have  gone  into  general  use 

An  almost  incredible  number  of  spraying 
machines  and  appliances  are  being  manufactured 
and  constant  improvements  are  being  made 
adapted  to  special  purposes. 

Prevention  of  Insect  Injuries  by  Farming 
Methods. —  It  would  be  difficult  to  detail 
step  by  step  the  wonderful  progress  that  has 
been  made  in  means  of  subduing  insects  by 
simple  farming  methods  which,  as  a  rule,  neces- 
sitate little  or  no  extra  labor  or  monetary  out- 
lay. Some  of  »ur  principal  pests,  with  which 
we  cannot  cope  successfully  by  means  of  in- 
secticides or  by  mechanical  methods,  may  be 
controlled  by  the  judicious  use  of  ordinary 
methods  of  tillage.  The  seed,  nursery  or  other 
stock  for  planting  should  be  selected  with  a 
special  view  to  securing  immunity  from  attack 
by  the  insect  most  feared  or  most  prevalent  in 
the  region  where  the  crop  is  to  be  planted  Rv 
planting  different  immune  varieties  of  wheat  the 
ravages  (>f  'he  Hessian  fly  arc  reduced  to  a 
minimum.  Certain  forms  of  trees  may  be 
selected  for  planting  for  shade  in  some  retrions 
without  danger  of  injury,  because  the  insects 


which  elsewhere  do  greatest  damage  to  them 
arc  not  present.  The  selection  of  a  suitable 
location  on  the  farm  for  a  crop  should  be  made 
with  the  same  end  in  view.  Where  injury  is 
feared  by  an  insect  which  docs  not  travel  freely, 
immunity  can  be  secured  by  planting  in  that  part 
of  the  farm  where  the  insect  is  known  not  to 
exist.  The  prompt  destruction  of  crop  rem- 
nants and  the  pulling  up  and  burning  over  of 
weeds  and  other  rubbish  is  a  preventive  ap- 
plicable to  all  crops.  Another  measure  is  the 
use  of  'trap  crops*  Thus  part  of  an  old  crop 
may  be  left  to  attract  insects  which  usually 
remain  in  the  field  after  the  crop  is  made; 
similar  or  more  attractive  plants  may  be  grown 
for  the  protection  of  the  main  crop ;  or  of 
early  varieties  of  the  same  plants,  as  lures  for 
the  insects  until  the  main  crop  can  obtain  a 
good  start.  On  the  lure  plants  the  congregated 
insects  must  be  destroyed  by  poisons  or  by  fire 
Trap  crops  arc  of  considerable  value  in  the 
treatment  of  several  of  the  worst  enemies  of 
cucumbers,  melons,  squashes  and  similar  vines 
The  stimulation  of  a  plant  by  means  of  fertili- 
zers and  the  maintenance  of  healthy,  vigorous 
growth  by  cultivation,  the  suppression  of  dis- 
eases and  the  prevention  of  injury  by  insect 
pests  other  than  those  which  it  is  specially 
designed  to  circumvent,  arc  helpful  aids.  Crop 
rotation  or  the  planting  of  alternate  crops  which 
are  not  injured  by  those  insects  which  ravage 
the  staples  assists  in  the  warfare ;  as  also 
do  fall  and  spring  plowing,  which,  in  proper 
combination,  result  in  the  destruction  of  nearly 
all  forms  of  the  many  insects  which  pass  on? 
or  more  stages  in  the  earth  in  hibernation  Th<* 
use  of  water  by  irrigation  or  submersion,  if 
practised  at  the  right  time,  will  result  in  the 
temporary  extirpation  of  nearly  all  insects  in  the 
fields  thus  treated,  particularly  in  cranberry 
bogs.  The  reclamation  by  drainage  of  land 
subject  to  more  or  less  complete  submersion, 
such  as  swampy  tracts,  river  bottoms  and  the 
like,  and  the  destruction  of  the  weeds  and  other 
plants  and  the  insect  life  which  remain  by 
burning  over,  are  of  great  value  in  suppressing 
many  pests.  If,  to  the  methods  above  out- 
lined, we  add  the  strict  observance  of  timely 
harvesting  of  crops  with  a  view  to  the  preven- 
tion of  further  attack  and  the  destruction  of 
insects  which  might  reproduce  the  following 
year;  the  utilization  of  natural  enemies,  such 
as  parasitic  and  prcdaccous  insects,  poultry  aid 
live  stock,  to  destroy  the  insects  in  the  field 
after  the  crop  is  off;  the  systematic  inspection 
of  the  farm  for  the  first  appearance  of  inseci 
attack,  and,  finally,  the  co-operation  of  neigh- 
boring farmers  having  a  community  of  inter- 
ests in  growing  the  same  crops,  there  is  com- 
paratively little  use  for  insecticides  save  in  the 
case  of  insects  such  as  grasshoppers  and  thr 
caterpillars  of  moths  and  butterflies,  which  are 
strong  fliers  and  cannot  be  successfully  con- 
trolled by  mechanical  methods. 

Econbnrc  Entomologists. —  Dr.  T  W.  Har- 
ris is  credited  with  having  been  the  first  eco- 
nomic entomologist  of  America,  but  in  reality 
the  honor  is  due  to  W.  D.  Peck,  who  be«*an 
writing  on  injurious  insects  late  in  the  18th 
century  (1795-1810).  His  writings,  however, 
are  few,  in  comparison  to  those  of  Harri*. 
whose  labors  began  in  1831  and  whose  gr<*atr?t 
work  appeared  in  184].  his  classic  treatise  on 
'Insects  Injurious  to  Vegetation.*    In  the  year 
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Fig.  I  Boring-beetle  ( Plilinus)  2.  3  Boring-beetle  [Ptimu  and  Larval  4.  S  Tenebrio  and  Larva    meal  worm  >  *  Lag 
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t  7  Scarlet-beetle  8  MeUndry  9  Mordella    F«sciat«  10  Meloe    Oil-beetlel  11  Cantharis    Spanish  Fly) 

■Kit       19  Alpine  Goal-beetle       20  l.ina   Populi       21  Fungus-beetle       22  l.ady-bird       23  Head  of  Bee       24  Hindlea. 
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1853  the  New  York  State  legislature  appropri- 
ated $1,000  for  the  study  of  economic  entomol- 
ogy and  Dr.  Asa  Fitch  was  appointed  to  per- 
form the  work  specified.  Fitch's  work  con- 
tinued until  1871  or  1872,  when  his  14th  and 
last  report  was  published.  Afterward  different 
States,  Illinois  in  1866-67,  and  Missouri  about 
a  year  later,  appointed  State  entomologists,  the 
latter  State  obtaining  the  services  of  Dr.  C.  V. 
Riley,  who  wrote  a  series  of  nine  reports  which, 
for  originality,  scientific  accuracy  and  practical 
value,  have  received  recognition  the  world  over. 

When  Dr.  Riley  assumed  the  duties  of  ento- 
mologist of  the  United  States  Department  of 
Agriculture,  economic  entomology  received  a 
new  impetus,  his  work  and  that  of  his  assist- 
ants marking  a  new  era  in  practical  entomologi- 
cal work.  Upon  his  death  in  1894.  he  was 
succeeded  by  Dr.  L.  O.  Howard,  under  whose 
direction  the  Bureau  of  Entomology  continues 
to  issue  reports,  bulletins  and  circulars  of  the 
highest  practical  and  scientific  value.  See 
Agriculture.  Department  of. 

Prior  to  1888  Massachusetts,  New  York,  Illi- 
nois and  Missouri  were  the  only  States  which 
maintained  officially  appointed  economic  ento- 
mologist. During  that  year  the  State  agri- 
cultural experiment  stations  (q.v.)  were  or- 
ganized under  the  Hatch  Act  and  several 
official  entomologists  were  appointed  in  connec- 
tion with  them.  In  1889  was  formed  an  As- 
sociation of  Economic  Entomologists  which 
held  annual  meetings  in  various  cities  subse- 
quently and  had  in  1916  a  total  membership  of 
about  470. 

Bibliography. —  Harris,  'Insects  Injurious 
to  Vegetation'  (Flint  e&,  1852)  ;  Treat,  'Inju- 
rious Insects  of  the  Farm  and  Garden'  (1882) ; 
Saunders,  'Insects  Injurious  to  Fruits'  (1883); 
Cooke,  'Injurious  Insects  of  the  Orchard,  Vine- 
yard, etc'  (Sacramento  1883)  ;  Smith,  'Eco- 
nomic Entomology'  (1896)  ;  Weed,  'Insects  and 
Insecticides'  (Hanover,  N.  H.,  1891);  Sander- 
son, 'Insects  Injurious  to  Staple  Crops'  (1902)  ; 
Chittenden,  'Insects  Injurious  to  Vegetables' 
(New  York  and  London  1907) ;  Sanderson. 
'Insect  Pests  of  Farm,  Garden  and  Orchard* 
(New  York  and  London  1912)  ;  Slingerland 
&  Crosby,  'Manual  of  Fruit  Insects'  (New 
York  1914)  ;  Essig,  'Injurious  and  Beneficial 
Insects  of  California >  (2d  cd.,  Sacramento 
1915).  Also  the  serial  publications  of  the 
United  States  Department  of  Agriculture  and 
of  the  entomologists  of  the  State  agricultural 
experiment  stations  and  of  State  entomologists, 
including  Fitch,  Riley,  Forbes,  Lintncr,  Felt, 
J.  B.  Smith,  Webster  and  others. 

F.  H.  Chittenden, 
Entomologist,  in  Bureau  of  Entomology,  United 
States  Department  of  Agriculture,  Washing- 
ton, D.  C. 

ENTOMOPHTHORALES,  cn-to-mof"- 
tho-ra'lcs,  group  of  parasitic  fungi,  which  is 
highly  destructive  of  insects.  In  germination 
the  spore  emits  a  ttibe  which  penetrates  the  in- 
sect's body,  which  is  thereupon  filled  with  the 
mycelium  of  the  fungus. 

ENTOMOSTRACA,  one  of  the  two  great 
sub-classes  of  Crustacea  (the  other  is  Malacos- 
traca),  including  minute  forms;  the  ■water- 
fleas,"  having  a  horny  shell  of  many  pieces,  a 
well-developed  cephalo-thorax,  mandible  and 
three  pairs  of  maxillz,  five  pairs  of  thoracic 


feet  but  no  abdominal  feet  and  no  gills,  breath- 
ing instead  by  specialized  organs.  They  have 
a  great  variety  of  shapes  and  of  means  of 
locomotion.  The  young  is  a  nauplius  and  de- 
veloped by  numerous  molts.  The  group  in- 
cludes many  thousands  of  species,  divided  into 
four  orders, —  Phyllopoda,  Ostracoda,  Copcpoda 
and  Cirripcdia  (barnacles).  They  abound  in 
stagnant  fresh  waters  and  also  in  the  sea,  and 
furnish  an  immense  quantity  of  subsistence  for 
fishes  that  are  used  for  human  food.  They 
exist  and  increase  in  innumerable  millions.  The 
descendants  of  a  single  cyclops  may  in  one  year 
number  over  4,000,000,000.  At  one  time  they 
render  the  surface  of  the  sea-water  phosphor- 
escent by  their  vast  luminous  congregations.  At 
another  time  the  Atlantic  Ocean  is  colored  red 
over  a  space  of  hundreds  of  square  miles  by 
the  assembly  of  these  minute  creatures,  attract- 
ing multitudes  of  fishes,  even  of  whales,  which 
feed  upon  them.  On  the  other  hand,  some 
forms  are  equally  injurious  as  parasites.  Those 
belong  chiefly  to  the  copepod  group  —  siphon- 
ostomata,  having  mouths  fitted  for  suction. 
Some  are  commensal,  entering  the  gill-sac  or 
digestive  cavity  and  feeding  upon  the  food, 
not  upon  the  tissue,  of  the  host  Some  attach 
themselves  long  enough  to  suck  the  blood  of 
their  victim  and  then  pass  on,  while  others  enter 
the  body  as  permanent  residents  and  embed 
themselves  in  the  tissue.  Thus  they  are  the  pests 
of  starfish,  jellyfish,  worms,  ascidians,  fishes 
and  whales.  See  Barnacle;  Copepoda;  Crus- 
tacea; Fish-Lice;  Ostracoda;  Phyllopoda. 

ENTOZOA,  formerly  employed  as  the 
name  of  a  subdivision  of  radiate  animals,  has 
passed  out  of  use  as  a  term  of  systematic  classi- 
fication, because  it  fails  to  indicate  or  signify 
any  ideas  of  structure  and  only  hints  at  the 
habitat  and  occupation  of  great  numbers  of  liv- 
ing creatures.  Following  the  strict  meaning  of 
the  word  entozoa,  denoting  "animals  within* 
(i.e.,  internal  parasites)  other  animals,  not  only 
brings  together  many  genera  that  belong  with 
the  different  subdivisions  of  the  same  general 
division,  but  also  imports  those  which  arc  in- 
cluded under  classes  morphologically  distinct 
Even  this  use  of  the  word  is  obsolescent  See 
Bot  Fly;  Distoma;  Elephantiasis;  Filari- 
asis;  Guinea- Worm;  Hook-Worm;  Oxbot; 
Parasitism;  Pi-atyhelminthes  ;  Round- 
Worms;  Tapeworms;  Trematoda. 

ENTRE-DOURO-e-MINHO  (i.e.,  be- 
tween the  Douro  and  Minho),  en'tre  do'roo  c 
men'yoo,  a  province  of  Portugal,  more  gen- 
erally known  by  the  shorter  appellation  of 
Minho.  The  surface  is  broken  and  partially 
occupied  by  high  mountains,  but  the  soil  in  the 
valleys  is  well  cultivated  and  the  province  the 
most  densely  populated  in  the  country-  Area 
2.808  square  miles.    Pop.  1,289,066. 

ENTRE  MINHO  e  DOURO,  name  fre- 
quently employed  by  the  Portuguese  for  the 
province  Kntre  Douro  e  Minho  or  Minho 
(qq.v.). 

ENTRE  RIOS,  en'tra  reos,  Argentine  Re- 
public, a  province  bounded  on  the  north  by 
Corrientes,  on  the  east  by  the  republic  of  Uru- 
guay, on  the  south  and  west  by  the  provinces 
of  Buenos  Aires  and  Santa  Fe.  As  its  name 
indicates  its  territory  lies  "between  the  rivers* 
—  Rio  Parana  and  Rio  Uruguay.    Area  29,241 
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square  miles.  Agriculture  and  immigration 
were  encouraged  by  the  provincial  government, 
which  sold  land  to  settlers  in  portions  of  82^ 
acres,  to  be  paid  tor  in  three  years,  at  prices 
ranging  from  $600  to  $2,000,  according  to  loca- 
tion. A  considerable  amount  of  land  has  been 
taken  up  by  the  Jewish  Colonization  Association. 
Until  the  building  of  the  Entrc  Rios  Railway  this 
province  was  the  "poor  sister"  of  the  republic; 
but  since  then  it  has  made  very  rapid  strides. 
It  is  second  in  the  production  of  oats  and 
grows  large  quantities  of  wheat  of  excellent 
quality,  other  products  being  maize,  lucerne, 
barley,  flax,  grapes,  tobacco,  fruit  and  (on  a 
very  large  scale)  cattle,  sheep  and  horses.  Its 
capital,  the  city  of  Parana  (pop.  65,000), 
was  the  capital  of  the  republic  from  1852  to 
1861 ;  it  has  a  national  college,  a  normal  school 
and  several  elementary  schools,  a  charming 
park,  tramway  service,  and  is  an  important  port 
for  the  traffic  on  the  Parana  River.  Pop.  of  the 
province  estimated  423,100. 

ENTRECASTEAUX,  d6ntr-kas-to,  Joseph 
Antoine  Bruni  d',  French  navigator :  b.  Aix 
1739;  d.  at  sea,  near  the  island  of  Java,  20 
July  1793.  He  entered  the  French  naval  serv- 
ice in  1754,  gradually  rose  to  the  position  of 
commandant  of  the  French  fleet  in  the  East 
Indies  (1786),  and  in  1787  became  governor  of 
Mauritius  and  the  Isle  of  Bourbon.  In  the 
same  year  he  made  a  voyage  to  China.  In 
1791  he  was  sent  by  the  French  government  in 
search  of  La  Perouse  (q.v.),  who  had  not  been 
heard  from  since  February  1788.  For  this  pur- 
pose he  was  given  the  command  of  two  ships, 
the  Recherche  and  L'Espirance.  He  failed  in 
detecting  any  trace  of  the  lost  navigator,  but 
ascertained  with  great  exactness  the  outlines  of 
New  Caledonia,  the  west  and  southwest  coast  of 
New  Holland,  Tasmania  and  various  other  coasts. 
The  D'Entrecastcaux  Archipelago  was  named 
•  in  his  honor.  Other  reminders  of  his  visit  to 
Tasmania  are  D'Entrccasteaux  Channel,  Bruni 
Island,  Recherche  Bay,  Port  Esperance,  all 
names  given  by  him  to  these  various  localities 
and  still  in  use  to-day.  The  journal  of  this 
voyage  has  been  edited  by  de  Rosscl,  'Voyage  do 
Dentrecasteaux'  (2  vols.,  Paris  1808).  His 
maps  and  other  topographical  drawings  have 
been  published  as  'Atlas  du  Voyage  de  Bruny- 
Dentrecasteaux'  (Paris  1807).  Consult  Cor- 
dier,  H.,  'La  Mission  de  M.  le  Chevalier 
d'Entrccasteaux  a  Canton  en  1787*  (Paris 
1911);  Gocpp,  E.,  and  Cordier,  E.  L..  'Lcs 
Grands  Hommes  de  la  France:  Navigateurs' 
(Paris  1873)  ;  Labillardierc,  J.  J.  H.  de.  'Rela- 
tion du  Voyage  a  la  Recherche  de  la  Perouse' 
(2  vols.,  Paris  1800),  and  its  translation  into 
English,  'Voyage  in  Search  of  la  Perouse'  (2 
vols.,  London  1800)  ;  Marriott,  I.  L.,  'Commo- 
dore Sir  John  Hayes,  His  Voyage  and  Life' 
(London  1912). 

ENTREMONT,  don-tr-mori',  Comte  d\ 
See  L'Hopital 

ENTRENCHED    MEANDERS.  See 

Meanders. 

ENTRESOL,  on  tr-s61  or  en'ter-sol  (Fr. 
•between  the  floors"),  a  low  story  between  two 
of  greater  height,  generally  the  ground  and  the 
first  stories.  It  is  of  frequent  occurrence  in 
modern  French  architecture,  especially  in  city 
houses.    It  is  called  also  the  Mezzanine. 


ENTROPION,  or  ENTROPIUM,  inver- 
sion or  turning  in  of  the  edge  of  the  eyelids,  in 
consequence  of  which  the  lashes  rub  on  the  eye- 
ball, causing  annoyance  and  pain. 

ENTRY,  Right  of,  in  the  common  law,  the 
right  of  taking  possession  of  lands  or  property 
by  entering  or  setting  foot  on  the  same.  This 
may  be  done  either  by  the  claimant  personally, 
or  through  his  agent  or  attorney. 

ENTRY,  Writ  of,  a  formal  declaration 
made  by  one  exercising  the  right  of  entry  in 
recovering  property  of  which  he  has  been  dis- 
seized that  he  claims  full  possession  of  the  said 
property.  The  common-law  action  of  Writ  of 
Entry  has  for  some  time  been  obsolete  in  Great 
Britain,  but  is  still  in  use  in  a  modified  statutory 
form  and  generally  for  special  purposes  in  a 
few  jurisdictions  in  the  United  States. 

ENTWISTLE,  James,  American  naval 
officer:  b.  Paterson,  N.  J.,  1837;  d.  23  March 
1910.  He  entered  the  engineering  service, 
United  States  navy  1861,  became  commander  in 
1S88,  and  in  1899  was  made  captain  and  rear- 
admiral  and  placed  upon  the  retired  list.  He 
first  served  on  the  Aroostook  under  Farragut 
in  the  Western  Gulf  squadron,  and  on  21  other 
vessels;  was  inspector  of  machinery  at  the 
Bath  ^(Me.)  Iron  Works  1890-95  while  the 
ram  Katahdin  and  the  gun-boats  Machias  and 
Castine  were  in  process  of  construction,  and 
assistant  to  the  general  inspector  at  Mare 
Island  Navy  Yard  in  1895.  He  joined  the 
Asiatic  squadron  at  Yokahoma  during  that  year, 
being  appointed  fleet  engineer  1897  and  assigned 
to  the  O'ympia.  He  took  part  in  the  battle  of 
Manila  Bay,  1  May  1898,  being  advanced  in 
numbers  for  meritorious  services  upon  that 
occasion. 

ENTWISTLE,  Joseph,  English  clergyman: 
b.  Manchester,  England,  15  April  1767;  d.  Tad- 
castcr.  6  Nov.  1841.  In  1787  he  was  called  into 
the  Wesleyan  ministry  by  John  Wesley  and 
spent  54  years  of  his  life  in  preaching  the  Gos- 
pel. He  was  twice  president  of  the  British 
Conference  and  was  connected  with  the  Theo- 
logical Institution  at  Hoxton  1833-38.  His  last 
years  were  spent  at  Tadcaster.  Consult  'Memoir 
of  Rev.  Joseph  Entwistle'  by  his  son  (1st  ed, 
1845,  5th  ed.  1861). 

ENURESIS.  See  Urine,  Incontinence  or. 

ENVELOPE,  a  paper  case,  scalable  by 
means  of  an  adhesive  flap  or  other  means,  and 
used  for  enclosing  letters  or  other  matter.  It 
has  not  been  established  definitely  by  whom 
and  where  envelopes  were  invented,  but  they 
seem  to  have  been  used  first  in  France,  possibly 
as  early  as  the  middle  of  the  17th  century, 
though  in  very  limited  quantities.  They  were 
not  in  general  use  in  any  country  prior  to 
1839^*0,  when,  after  the  passage  of  the  penny 
postage  bill,  they  became  common  in  England. 
Until  about  1845  nearly  all  letters  in  this  coun- 
try were  folded  so  that  an  unwritten  portion 
came  on  the  outside,  and  the  address  was  placed 
there,  though  even  then  there  was  a  certain  de- 
mand for  envelopes,  all  of  which,  however, 
were  made  entirely  by  hand.  Gradually  the 
use  of  envelopes  spread  and  by  1850  practically 
all  letters  were  enclosed  in  them.  The  first 
maker  of  envelopes  in  New  York  is  believed 
to  have  been  a  Mr.  Pierson  who,  as  early  as 
1843,  made  envelopes  by  hand  in  his  store  on 
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Fulton  street.  In  1846  he  sold  his  business  to 
an  Englishman  named  Dangerfield  who  was 
soon  succeeded,  first  by  Jacob  Berlin,  and  then 
by  W.  G.  West.  At  that  time  only  2,000  or  3,000 
could  be  made  in  a  day,  as  machinery  was  not 
yet  used.  The  blanks  were  cut  out  by  means 
of  a  sheet  of  metal,  placed  on  top  of  a  pile  of 
paper,  around  the  edges  of  which  a  sharp 
knife  was  run.  They  were  then  folded  and 
pasted  by  hand.  Machines  were  invented  in 
England,  probably  as  early  as  1840,  though  they 
were  not  patented  until  1849,  by  Warren  de  la 
Rue  and  Edwin  Hill,  the  latter  a  brother  of 
Sir  Rowland  Hill  (q.v.),  the  father  of  the 
penny  post.  These  machines  were  one  of  the 
chief  attractions  of  the  Hyde  Park  Exposition, 
held  in  London  in  1851.  The  first  machine  used 
in  this  country  was  a  French  model.  It  had 
been  purchased  in  1847  for  $600  by  H.  C.  Ber- 
lin, son  of  Jacob  Berlin,  who  had  gone  into 
the  envelope  business  with  his  father's  suc- 
cessor, W.  G.  West.  This  machine,  however, 
was  not  very  successful.  The  first  patent  for 
an  envelope- folding  machine  was  issued  in  the 
United  States  23  Tan.  1849  to  J.  K.  Park  and 
C.  S.  Watson  of  New  York,  the  second  on  26 
April  1853  to  E.  Coleman,  Philadelphia.  Neither 
of  these  was  accompanied  by  commercial  suc- 
cess. The  third  patent  was  issued  to  Dr.  Russcl 
L.  Hawes{  a  physician  of  Worcester,  Mass.,  in 
1853.  This  machine  was  quite  successful,  but 
was  used  exclusively  by  the  concern  founded  by 
its  inventor,  which,  after  many  changes  in 
ownership,  is  still  in  existence  as  the  W.  H.  Hill 
Envelope  Company,  Division  of  the  United 
States  Envelope  Company.  Not  until  just  be- 
fore the  outbreak  of  the  Civil  War  was  a  ma- 
chine patented  and  placed  on  the  open  market. 
The  inventor  was  George  H.  Rcay,  and  his 
machine  was  for  many  years  one  of  the  most 
successful.  It  gave  a  tremendous  impetus  to 
the  envelope  industry.  At  this  period  many 
others  invented  envelope  machines  or  attach- 
ments to  them  none  of  which,  however,  could 
be  purchased  in  the  open  market.  From  then 
on  the  development  of  envelope  machinery  made 
rapid  strides.  Improvements  gradually  pro- 
vided for  self-feeding,  gumming,  automatic 
counting,  etc.  The  men  chiefly  responsible  for 
these  improvements  were  J.  M.  D.  Keating, 
T.  V.  Waymouth,  H.  D.  and  D.  W.  Swift,  J.  G. 
Arnold,  D.  Whitcomb,  and  others.  Many  of 
these  early  inventors  went  into  business  for 
themselves  and  quite  a  number  of  these  com- 
paratively old  concerns  were  included  in  the 
consolidation  of  the  10  leading  envelope  com- 
panies accomplished  in  August  1898,  and  there- 
after known  as  the  United  States  Envelope 
Company,  Inc.  Modern  machines  have  been 
improved  to  a  point  where  it  is  possible  for 
one  machine  to  turn  out  as  many  as  55,000  en- 
velopes a  day.  The  variety  of  envelopes,  too, 
has  rapidly  increased.  They  arc  used  now  not 
only  to  enclose  letters,  but  a  great  deal  of 
printed  matter  and  for  many  other  purposes. 
Recent  innovations  are  especially  the  so-called 
window-envelope,  with  a  transparent  front 
through  which  the  address  at  the  head  of  a 
letter  can  be  read,  saving  thereby  the  separate 
addressing  of  the  envelope;  envelopes  with 
special  sealing  devices,  such  as  metal  hooks 
and  eyes,  threads,  etc. ;  and  the  envelope  with 
a  wire  or  thread  attached  to  its  inner  edge, 


facilitating  its  opening.  Since  1853  the  govern- 
ment supplies  stamped  envelopes,  which  are 
purchased  in  ever  increasing  quantities,  the  total 
issue  to  postmasters  in  1916  amounting  to  1,853,- 
791,461  of  a  gross  selling  value  of  $36,875,445. 
About  two-thirds  of  these  are  issued  with 
printed  return  cards  in  the  upper  left  hand 
corner.  Practically  every  government,  having  a 
postal  service,  issues  stamped  envelopes.  The 
remarkable  growth  of  the  envelope  industry  can 
be  seen  from  the  following  figures,  based  on 
'The  United  States  Census  of  Manufactures  of 
1914»  (Washington  1917)  :  In  1849,  the  first 
year  for  which  figures  are  available,  the  total 
value  of  products  in  the  envelope  industry  was 
$45,000.  In  1914  there  were  90  establishments 
with  6,970  operatives,  capitalized  at  $15,830,000 
and  producing  goods  valued  at  $18,481,000.  These 
figures  indicate  increases  during  the  10-year 
period,  1904-14,  of  25  per  cent,  62  per  cent,  110 
per  cent  and  77  per  cent,  respectively.  Envelope 
factories  were  located  in  1914  in  15  States  of 
the  Union,  especially  in  Massachusetts,  Illinois, 
Ohio,  New  York,  Connecticut,  Pennsylvania, 
Missouri.  Consult  Logan,  J.,  'The  Story  of  the 
Envelope'  (in  The  Red  Envelope,  Hartford 
1915-17)  ;  House  of  Representatives,  Committee 
on  United  States  Post  Office  and  Post  Roads, 
'Stamped  Envelopes'  (Hearings  during  April 
1910,  Washington  1910). 

ENVER  PASHA,  Turkish  soldier  and  war 

minister:  b.  Constantinople  about  1880.  Of 
aristocratic  descent,  he  was  educated  for  the 
army  and  saw  his  first  active  service  in  Mace- 
donia against  the  Serb  and  Bulgar  komitadjis. 
He  was  one  of  the  prime  movers  in  the  Young 
Turk  revolution  of  1908.  Stationed  at  the  time 
in  Salonica,  his  activities  were  known  at  Con- 
stantinople. In  a  friendly  letter  he  was  invited 
to  return  to  the  capital  and  promised  promo- 
tion. But  Envcr  Bey  —  as  he  then  was  —  knew 
better  than  to  accept  the  invitation.  He  dis- 
guised himself  as  a  peasant  and  fled  to  the 
mountains,  traveling  rapidly  from  place  to 
place,  spreading  the  doctrine  of  revolt  and  put- 
ting the  final  touches  to  the  preparations.  The 
speedy  success  of  the  revolution,  the  revival 
of  the  dormant  constitution  of  1876,  and  the 
subsequent  fall  of  Abdul  Hamid,  raised  Enver 
to  the  height  of  a  popular  national  hero.  He 
was  "lionized*  in  Paris  and  London ;  at  the 
latter  place  he  was  introduced  to  both  houses 
of  Parliament.  Under  the  new  regime  he  was 
sent  as  military  attach*  to  Berlin,  where  he 
learnt  German,  studied  the  Prussian  military 
organization,  and  became  a  close  friend  of  the 
Kaiser.  According  to  competent  observers,  the 
mighty  emperor  and  the  humble  attach*  had 
much  in  common,  especially  dreams  of  bound- 
less ambition.  Fired  with  admiration  for  all 
things  German,  Enver  returned  to  Constanti- 
nople an  ardent  apostle  of  Teutonism  and 
heartily  threw  himself  into  the  work  of  assist- 
ing the  German  Generals  von  der  Goltz  and 
Liman  von  Sanders  to  build  up  the  Turkish 
army.  That  army,  however,  failed  of  its  pur- 
pose in  the  Tripolitain  and  Balkan  wars,  in 
both  of  which  Envcr  played  a  prominent  part. 
Of  youthful,  almost  boyish,  appearance,  poetical 
imagination  and  undoubted  courage,  though  en- 
tirely unscrupulous  he  became  the  most  pic- 
turesque figure  in  Turkish  politics.  Those  who 
stood  in  his  way  he  simply  shot  down.   In  Jan- 
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uary  1913  he  shot  the  Commander-in-Chief, 
Hussein  Nazim  Pash,  and  two  aides-de-camp 
who  attempted  to  stop  him  from  entering  the 
council  chamber.  (Prince  Yussuf-cd-din,  the 
heir  to  the  throne,  was  murdered  in  February 
1916  by  order  of  Enver  Pasha).  In  January 
1914  Enver  was  appointed  Minister  for  War 
and  created  a  pasha.  At  the  beginning  of  the 
European  War  six  months  later,  Turkey  de- 
clared her  neutrality.  Although,  apparently, 
most  of  the  ministers  opposed  entering  the  War, 
they  were  overborne  by  Enver  Pasha,  who  not 
only  had  the  whole  Turkish  army  at  his  back, 
but  had  also  adopted  the  German  view  that 
Turkey's  salvation  was  bound  up  with  the  suc- 
cess of  German  arms.  Consult  Buxton,  C.  R., 
'Turkey  in  Revolution'  (London  1909)  ;  'Enver 
Pasha's  Reign  of  Terror  at  Constantinople* 
(Current  Opinion,  September  1915);  'Enver 
Pasha*  (Current  Opinion,  April  1916)  ;  Free- 
man, L.  R.,  'Enver  Pasha:  Turkish  Patrol' 
(Harper's  Weekly  August  1915)  ;  'The  Calvary 
of  a  Nation,'  (Atlantic  Monthly,  November 
1916):  'Why  Turkey  Went  In'  (Harper's 
IVeekly,  10  April  1915)  ;  'The  Turkish  Atroci- 
ties in  Armenia'  (Outlook,  29  Sept.  1915).  See 
Turkey;  War,  European:  Turkish  Campaign. 

ENVIRONMENT,  a  modern  scientific  term 
applied  to  the  modifying  influences  of  an  organ- 
ism or  surroundings.  Neither  plant  nor  ani- 
mal can  be  understood  as  a  rounded-off  unity; 
the  whole  life  or  function  is  made  up  of  action 
and  reaction  between  the  organism  and  its  en- 
vironment. Streams  of  matter  and  energy  from 
without  preserve  the  relative  constancy  of  the 
organism,  as  of  a  special  wave-crest  in  the  sea; 
while  changes  in  the  streams  have  their  corre- 
sponding changes  within  the  organism.  The 
plant  or  animal  has  obviously  a  strong  unity 
of  its  own,  but  even  that  is  in  part  due  to  an- 
cestral welding  under  the  hammers  of  the  en- 
vironment. It  may  seem,  too,  to  vary  of  itself 
like  a  fountain  in  the  air,  but  throughout  all  its 
rises  and  falls  there  blows  the  wind  of  the 
environment. 

The  influence  of  outside  conditions  has  been 
recognized  by  most  naturalists  from  the  time  of 
Hippocrates,  and  is  taken  for  granted  in  our 
everyday  speech  and  action.  There  is  consid- 
erable difference  of  opinion,  however,  as  to  the 
importance  and  degree  of  this  influence.  Thus 
Button,  Trcviranus  and  Geoffroy  Saint  Hilairc 
regarded  the  surroundings  as  directly  hammer- 
ing changes  on  the  organism ;  while  to  Erasmus 
Darwin  and  Lamarck  internal  changes  arose  as 
indirect  functional  results  of  new  environment. 
Charles  Darwin  allowed  a  measure  of  truth  in 
both  these  positions,  but  emphasized  the  inde- 
pendent action  of  the  organism  itself  in  the 
direction  of  natural  selection.  These  three  posi- 
tions are  still  held,  some  emphasizing  one,  others 
another,  the  majority  combining  the  three.  See 
Darwinian  Theory;  Evolution;  Heredity. 

ENVOI,  6n-vwa',  the  last  stanza  of  a  ballad 
(q.v.). 

ENVOY,  originally  envoye\  the  French 
translation  of  the  Latin  word  Mahlcgatus»  a 
person  deputed  by  a  sovereign  or  government 
to  negotiate  a  treaty,  or  transact  other  business 
of  a  diplomatic  nature  with  a  foreign  ruler  or 
government.  In  its  general  use  we  usually  apply 
the  word  to  a  public  minister  sent  on  a  special 
occasion  or  for  one  particular  purpose;  hence 
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an  envoy  is  distinguished  from  an  ambassador. 
Envoy  extraordinary  and  minister  plenipoten- 
tiary is  a  permanent  resident  abroad,  usually 
in  one  of  the  less  important  countries  officially 
representing  his  government,  but  of  inferior 
rank  to  an  ambassador.  His  ranking,  next  to 
ambassadors,  dates  back  to  the  beginning  of 
the  18th  century,  though  the  term  was  in  use 
as  early  as  the  1 7th  century  at  which  time 
envoys  belonged  to  the  second  class  of  diplo- 
matic agents  together  with  agents,  residents  and 
ablcgati.  Consult  Foster,  J.  W.,  'The  Practice 
of  Diplomacy  as  Illustrated  in  the  Foreign  Re- 
lations of  the  United  States'  (Boston  1906)  ; 
Garcia  de  la  Vega,  D.,  'Guide  Pratique  des 
Agents  Politiqucs,  etc'  (Bruxclles  1873)  ; 
Krauskc,  0.,  'Entwickclung  der  Standigen 
Diplomatic  etc.'  (Leipzig  1885)  ;  Satow,  Sir  E., 
'A  Guide  to  Diplomatic  Practice'  (2  vols.,  Lon- 
don 1917). 

ENZINA,  Juan  de  la.  See  Encina,  Juan 
Del. 

ENZINAS,  en-the'na,  Francisco  de  (also 
known  as  Dryander),  Spanish  translator  of 
the  New  Testament:  b.  Burgos  1520;  d.  1553. 
He  was  educated  at  Louvain  and  at  Wittenberg. 
During  his  stay  in  the  latter  place  he  resided 
at  the  house  of  Melanchthon.  He  translated 
the  New  Testament  from  the  Greek  in  1543  and 
presented  a  copy  to  Charles  V.  His  heretical 
views  caused  his  imprisonment  at  Brussels ;  he 
escaped  after  a  year's  confinement  and  made 
his  way  to  Wittenberg.  Cramncr  made  Enz:nas 
professor  of  Greek  at  Cambridge  in  1548. 
Thereafter  his  life  is  obscure  and  according  to 
some  accounts  he  died  at  Strassburg  in  1553  of 
the  pestilence,  according  to  others  he  was  last 
heard  of  at  Geneva  in  1570.  He  wrote  'History 
of  the  State  of  the  Netherlands  and  of  the 
Religion  of  Spain'  (1558,  republished  as  <Me- 
moires  de  Francisco  de  Enzinas'  (3  vols.,  Brus- 
sels 1863).  Consult  Menendez  y  Pelayo,  'His- 
toria  de  los  Hetcrodoxos  espanoles.' 

ENZIO,  king  of  Sardinia:  b.  about  1220: 
d.  14  March  1272.  He  was  a  natural  son  of 
Frederick  II,  the  German  Emperor,  with  whom 
he  fought  at  Cortenuova  against  the  Lombards 
in  1237.  In  1238  he  married  Adelasia,  and  was 
made  King  of  Torres  and  Gallura  and  later 
King  of  Sardinia.  In  1241  while  in  command 
of  the  fleet  Enzio  inflicted  a  great  defeat  on  the 
Genoese.  In  the  years  following  he  added 
renown  to  his  name  by  his  exploits  in  Lombardy. 
He  laid  siege  to  Parma  in  12'18  but  was  com- 
pelled to  withdraw ;  he  next  besieged  Colonna, 
look  the  castle  of  Arola  in  1248,  but  on  26  May 
of  that  year  he  was  made  prisoner  at  Fossalta 
by  troops  of  Bologna  ana  sentenced  to  life 
imprisonment.  Consult  Blasius,  <K6nig  Enzio' 
(Breslau  1884)  and  Jordan,  'Les  origines  de 
la  domination  angevine  en  Italic'  (Paris  1909). 

ENZOOTIC,  en-zo-fitHc.  a  disease  which 
appears  to  have  secured  a  permanent  lodgement 
in  the  animals  of  a  region.  It  is  used  of  ani- 
mals as  the  term  endemic  is  used  of  diseases 
which  affect  man  in  certain  localities. 

ENZYME  (Gr.  «lcavened»).  any  of  the 
unorganized  ferments,  such  as  diastase,  cytase, 
trypsin,  etc.,  which  induce  fermcntive  chances 
in  organic  substance*  It  was  formerly  thought 
that  thc«e  "unorganized*  ferments  might  be 
essentially  different  in  their  action  from  the  so- 
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called  "organized*  ferments,  such  as  the  yeasts, 
molds  and  bacteria;  but  it  is  now  known  that 
the  fermentive  action  of  the  "organized*  class 
is  due  chiefly,  and  perhaps  wholly,  to  the 
enzymes  that  they  secrete.  The  chemistry  of 
the  enzymes  is  very  imperfectly  understood. 
According  to  some  authorities  they  act  merely 
by  catalysis,  being  capable  of  effecting  the  fer- 
mentive change  of  indefinite  quantities  of  the 
substances  upon  which  they  act,  without  being 
themselves  used  up,  nor  exhausted  in  any  way. 
According  to  other  authorities,  they  are  gradu- 
ally destroyed  by  their  own  activity,  so  that  a 
definite  mass  of  any  given  enzyme  can  produce 
only  a  definite  (though  surprisingly  large) 
amount  of  fermentive  transformation.  Sec 
Fermentation. 

Chemical  ferments,  elaborated  in  the  cells 
of  plants  and  animals  and  capable  of  bring- 
ing about  a  peculiar  scries  of  biochemical 
reactions,  which  are  produced  without  the  inter- 
vention of  physical  factors  or  mineral  sub- 
stances. Under  some  conditions  they  have  the 
properties  of  facilitating  chemical  interchanges 
between  certain  bodies  without  entering  into  the 
composition  of  the  different  products  that  result. 
These  enzymes,  or  ferments,  zymases,  or  dias- 
tases, as  they  are  frequently  called,  play  an  im- 
portant role  in  the  digestive  processes,  as  well  as 
being  of  vital  importance  in  the  general  life- 
history  of  nearly  all  plants.  A  knowledge  of 
enzymes  dates  back  to  very  remote  periods.  In 
the  beginning  of  the  16th  century  observations 
on  the  phenomena  of  digestion  called  attention 
to  this  class  of  bodies;  but  it  remained  for  Du- 
brunfaut  and  Pasteur  to  place  the  science  of 
fermentation  on  a  stable  basis.  Enzymes  are  for 
the  most  part  soluble  in  water,  being  thrown  out 
of  solution  by  a  large  number  of  chemical  sub- 
stances, such  as  alcohol,  tannic  acid,  etc.  They 
usually  lose  their  activity  at  a  temperature  above 
100°  F.  Most  of  them  decompose  hydrogen 
peroxide  and  they  act  largely  in  proportion  to 
their  quantity.  With  reference  to  their  chemical 
composition,  it  would  appear  that  they  belong 
to  the  protcid  class.  There  is  usually  a  large 
proportion  of  inorganic  salts,  particularly  cal- 
cium phosphate,  in  their  composition.  A  few, 
however,  do  not  contain  nitrogen.  Although 
closely  related  to  protcids,  they  do  not  give  pro- 
teid  color-reactions.  As  to  their  formation,  it 
is  considered  by  some  that  they  arc  oxidation 
products  of  albuminoid  substances,  or  zymogens. 
The  transition  of  the  zymogen  into  the  ferment 
is  termed  zymogenesis.  Destruction  of  enzymes 
is  termed  zymolysis.  As  to  the  manner  of  action 
of  this  interesting  class  of  bodies,  a  vast  variety 
of  phenomena  may  be  observed.  They  may 
bring  about  molecular  changes  either  by  hydra- 
tion or  by  oxidation.  They  appear  to  occupy  the 
position  of  intermediaries,  as  it  were.  Many 
theories  arc  put  forward  in  attempting  to  ex- 
plain the  action  of  enzymes;  but  as  tncy  pre- 
sent many  analogies  to  living  protoplasm, 
explanation  of  the  phenomena  of  their  activities 
is  almost  as  difficult  as  to  explain  the  phenomena 
of  life.  Attempts  have  been  made  to  classify 
the  various  enzymes,  but  any  classification  must 
be  of  a  transitory  character,  since  knowledge 
concerning  this  group  of  bodies  is  increasing 
daily.  The  classification  of  the  soluble  ferments 
suggested  by  Effront  is  shown  below. 

Those  enzymes  secreted  bv  plants  and  ani- 
mals in  the  course  of  their  digestive  processes, 
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such  as  invertin,  which  breaks  up  cane-sugar 
into  a  mixture  of  glucose  and  fructose,  diastase, 
which  has  an  analogous  action  on  starch,  ptyalin, 
found  in  the  saliva,  which  also  acts  on  starch, 
pepsin  and  trypsin,  which  decompose  proteids 
in  the  acid  medium  of  the  stomach  and  the 
alkaline  medium  of  the  intestines,  respectively, 
are  not  difficult  of  isolation,  while  almost  none 
of  the  intracellular  enzymes,  which  perform  a 
far  more  important  function  in  the  life  of  the 
animal  or  plant,  have  yet  been  isolated. 

The  enzymes  have  many  applications  in  the 
arts.  Consult  Effront,  'Enzymes  and  Their 
Applications3  (New  York  1902)  ;  Greene,  Sol- 
uble Ferments.' 

EOBANUS,  Helios  or  Hessus  (Eoban 
Koch),  German  philosopher:  b.  probably  at 
Halgehausen  1488;  d.  1540.  He  wandered  about 
to  different  places  in  which  he  taught  and  lec- 
tured like  so  many  teachers  of  the  period.  He 
espoused  the  Reformation,  participated  in  the 
'EpistoUe  Obscurorum  Virorum, '  and  trans- 
lated Ecclcsiastcs  and  the  Psalms.  Consult  the  life 
by  Krausc  (Gotha  1879). 

EOBASILEUS,  the  latest-known  species  of 
the  Uintathcre  (q.v.)  fossil  in  the  Bridger  Stage 
of  the  Middle  Eocene  in  the  western  United 
States.  It  was  an  immense,  rhinoceros-like 
animal  with  a  remarkably  long  and  narrow 
head,  with  very  large,  shovel-shaped  nasal  pro- 
tuberances from  the  skull  and  long,  backward- 
curved  tusks  in  the  male. 

EOCENE,  £'6-sen,  a  subdivision  of  geo- 
logical time.  Lycll  in  1833  first  used  the  term 
Eocene  (dawn  of  the  recent)  for  the  earliest 
of  his  three  subdivisions  of  the  Tertiary.  The 
term  found  favor  quickly  since  early  Tertiary 
life  differed  greatly  from  late  Cretaceous.  To- 
ward the  close  of  Cretaceous  time,  the  sea  re- 
ceded from  a  large  part  of  North  America  and 
by  the  end  of  Eocene  time  the  continent  had 
nearly  its  present  form.  The  climate  continued 
warm,  Greenland  and  Alaska  being  temperate. 
Of  Cretaceous  animals  the  reptiles  suffered 
most,  the  ichthyosaurs,  dinosaurs  and  plesio- 
saurs  passing  away  as  well  as  many  peculiar 
mollusks.  Eocene  fishes  were  mostly  of  mod- 
ern character  (telcosts),  birds  were  more 
numerous  and  highly  developed  than  in  the 
Cretaceous  Age;  while  mammals  developed 
wonderfully.  True  carnivorous  mammals  ap- 
peared, as  also  the  ancestors  of  the  horse, 
rhinoceros,  tapir,  pig  and  the  ruminants,  be- 
sides bats,  primitive  camels  and  monkeys.  A 
study  of  organic  types  indicates  that  Asia, 
North  America  and  Europe  were  connected  in 
Eocene  time;  and,  by  the  Antarctic  continent, 
South  America  and  Australia;  while  South 
America  was  separated  from  North  America, 
and  Africa  and  southern  Asia  from  Europe  and 
northern  Asia. 

The  Eocene  rocks  of  the  Altantic  border 
are  nearly  all  loose  sands  and  clays  of  ma- 
rine origin  and  contain  in  New  Jersey  beds  of 
grcensand  once  of  some  economic  importance  as 
a  source  of  phosphate  of  lime  for  agricultural 
use.  The  rocks  of  the  Gulf  border  were  partly 
laid  down  in  fresh  or  brackish  water  and  partly 
in  salt  water.  They  comprise  shales,  sandstones 
and  limestones.  In  Florida  are  valuable  de- 
posits of  phosphate  rock,  and  in  Texas  are  ex- 
tensive beds  of  ligjiite,  of  workable  size,  but 
poor  quality.  The  interior  province  formations, 
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mostly  clays  and  sands,  were  laid  down  as 
alluvial  fans  and  cones  (q.v.),  in  brackish  or 
fresh  water  lakes  which  stretched,  though  not 
contemporaneously,  from  Mexico  to  Alaska. 
The  largest  of  these  lakes  covered  eastern  Utah 
and  western  Colorado,  and  must  have  been  450 
miles  long  and  250  miles  wide.  In  Utah  are 
lignite  deposits  of  some  importance.  In  the 
Pacific  border  province  the  Lower  Eocene 
stages  are  wanting  and  the  epoch  is  represented 
by  a  single  scries,  the  Tejon  shales  and  sand- 
stones, partly  marine  and  partly  terrestrial, 
with  workable  deposits  of  lignite  in  California 
and  Oregon.  See  Cenozoic  Era;  Geology; 
Tertiary  System. 

EOHIPPUS,  the  earliest  known  progenitor 
of  the  horses,  found  fossil  in  the  Lower  Eocene 
(Uinta)  formations  of  the  West,  four-toed  and 
about  the  size  of  a  house-cat.    See  Hokse. 

EOLIAN  DEPOSITS,  accumulations  of 
wind-Mown  material.  In  some  regions,  par- 
ticularly in  deserts,  such  deposits  may  be  of 
considerable  importance.  Most  conspicuous  arc 
sand  dunes,  which  occupy  large  areas  in  many 
parts  of  the  world.  Sand  dunes  sometimes  be- 
come buried  and  consolidated  to  form  sand- 
stones, often  strongly  cross-bedded.  Loess, 
fine  wind-blown  dust,  accumulates  to  great 
thickness  in  some  regions.  Important  deposits 
are  known  along  the  Mississippi  and  Missouri 
rivers  in  the  United  States,  but  the  most  ex- 
tensive loess  beds  known  are  in  China.  Buried 
loess  deposits  would  ultimately  form  shales. 
Eolian  limestones  are  rare,  but  are  known  in 
Bermuda,  where  great  dunes  have  accumulated, 
composed  of  the  ground-up  fragments  of  shells 
from  the  beaches.  These  dunes  arc  consolidated 
in  places  to  form  limestones.  See  Dune; 
Loess  ;  Rocks. 

EOLITH,  one  of  the  rudely  chipped  pebbles, 
regarded  as  a  relic  of  the  earliest  dawn  of 
human  industry.  The  adjective  "Eolithic*  is 
sometimes  used  to  designate  the  period  of 
human  history  preceding  the  paleolithic  stage 
of  culture.    Sec  Stone  Ace 

EOLITHIC.   See  Paleolithic  Period. 

EON.  a  on',  or  EUDO  DE  STELLA,  also 
EON  DE  L'ETOILE,  a  religious  fanatic  of 
the  12ih  century,  born  in  Brittany.  He  cla  med 
to  be  the  final  judge  of  mankind  and  derives 
his  name  from  the  pronoun  cum,  in  the  for- 
mula "per  cum  qui  venturus  est  judicare  vivos 
et  mortuos."  He  was  opposed  to  the  hierarchy 
and  sent  forth  his  followers  to  plunder  ecclesi- 
astical property.  lie  showed  the  inconsistency 
of  his  opposition  to  a  hierarchy  by  putting  him- 
self at  the  head  of  a  church  and  ordaining 
bishops  and  priests.  The  Legate  Albcric  and 
Hugh,  archbishop  of  Rouen,  were  h:s  prin- 
cipal opponents.  He  was  captured  in  ll-'8,  was 
tried  at  Rhcims  and,  being  considered  insane, 
escaped  execution.  However,  he  was  kept  in 
prison  for  the  remainder  of  his  life;  numbers 
of  his  followers  perished  at  the  stake  and  his 
sect  soon  disappeared.  Consult  Dollinger, 
'Beitrage  zur  S''ktengeschichte  des  Mittclaltcrs' 
(Vol.  I.  Munich  1890),  and  Lea,  H.  C,  'His- 
tory of  the  Inquisition  of  the  Middle  Ages' 
(New  York  1888,  and  subsequent  editions). 

EON  DE  BEAUMONT,  a-on  de  hn-mon, 
Charles  Genevieve  Lou's  Autmste  Andri 
Timothe*  d'  (called  till  1777,  Chevalier  d'Eon), 


French  writer,  military  officer,  diplomatist  and 
publicist:  b.  Tonnerrc,  5  Oct.  1728;  d.  London, 
21  May  1810.   His  brilliant  qualities  enabled  him 
to  act  a  conspicuous  part  in  the  world,  but  he 
pined  a  greater  notoriety  by  the  mystery  long 
kept  up  in  regard  to  his  sex.    In  1755,  by  some 
other  accounts  in  1757,  he  was  sent  as  envoy  on 
a  difficult  mission,  to  the  Russian  court.  Here 
he  gained  the  favor  of  the  Empress  Elizabeth, 
and  for  about  fiCc  years  was  the  medium  of  a 
secret  correspondence  between  her  and  the  King 
of  France.    In  1762  he  went  to  London  as  sec- 
retary of  a  special  legation,  under  the  Duke  de 
Nivcrnais,  sent  there  for  the  purpose  of  arrang- 
ing peace  between  France  and  England.  In 
April    1763   he   was   made   French  Resident 
Minister  and  chargee  d'affaires.    From  then  on, 
though  soon  officially  superseded  in  his  diplo- 
matic office,  he  lived  for  years  in  London  as  a 
kind  of  informal  representative  of  his  sovereign. 
In  1777  he  returned  to  France,  but  Louis  XVI, 
for  what  reason  has  never  been  satisfactorily 
explained,  imposed  on  him  the  obligation  of 
assuming  female  attire  and  he  now  styled  him- 
self La  Chevaliere  d'Eon.    Even  before  this, 
however,  doubts  and  discussions  as  to  his  real 
sex  had  arisen.  He  returned  to  England  in  1785. 
After  the  French   Revolution  broke  out,  he 
styled  himself  Citoyenne  Genevieve  Deon.  He 
now  attempted  to  support  himself  by  giving 
lessons  in  fencing  (still  dressed  as  a  woman), 
but  was  not  very  successful  and  depended  for 
subsistence  mainly  on  his  friends.    He  was  a 
voluminous  writer  and  his  works  appeared  in 
1775   under   the   title    'Loisirs   du  Chevalier 
D'Eon'  (13  vols.,  London).   He  also  wrote  the 
memoirs  of  his  life,  covering  especially  the 
years  of  his  residence  in  England,  1762-77. 
They  have  never  been  published;  the  manu- 
script is  in  the  archives  of  the  French  Ministry 
of    Foreign    Affairs    in    Versailles.  Consult, 
Broglie  J.  V.  A.  de,  <Le  Secret  du  Roi»  (2 
vols.,  Paris  1878;  translated  into  English  as 
'The  King's  Secret'  London  1879)  ;  Christie. 
R.  C.  'Selected  Essays  and  Papers'  (London 
1902);    Gaillardet,    F.    'Memoircs    sur  la 
Chevaliere  d'Eon'  (Paris  1866)  ;  Ross.  O.  C.  D. 
'The  Chevalier  d'Eon  and  Peter  the  Great's 
Will'   (in  Gentleman's  Maqasine,  n.  s..  Vol. 
XVIII.  p.  159.  London  1877)  ;  Telfcr,  J.  B.. 
'The  Strange  Career  of  the  Chevalier  d'Eon  de 
Beaumont'  (London  1885);  Vandal.  A.,  "Louis 
XVI  et  Elizabeth  de  Russic'   (Paris  1882); 
Vizetclly,   E.   A.,   'The  True  Story  of  the 
Chevalier  D'Eon,  etc'  (London  1895), 

EOS,  e'fls.   Sec  Aurora. 

EOSCORPIUS,  a  fossil  scorpion,  known  by 
its  slender  form,  hand  and  pincers.  It  in- 
cluded about  four  separate  species  and  abounded 
in  the  Carboniferous  period.  Many  fine 
specimens  have  been  uncovered  at  Mazon 
Creek,  111.   See  Scorpion. 

EOSIN.    See  Coal-Tar  Products. 

EOSINOPHILES,  c-o-sln'o-flls.  one  of 
the  tvpes  of  leucocytes  or  white  blood-cells 
found  in  the  circulating  blood  and  character- 
ized by  its  specific  reactions  to  acid  stains,  such 
as  eosine,  whence  its  name  — *a  lover  of  eocine.* 
Eosinophiles  are  present  in  the  proportion  of 
one-half  to  2  per  cent  of  the  white  b'ood- 
cells.  Their  increase  above  2  per  cent  is 
termed  rosinoph  lia.  and  it  has  an  important 
relationship  to  some  forms  of  parasitism. 
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EOSINOPHILIA,  a  condition  in  which 
there  is  an  excess  of  eosinophile  white  blood- 
cells  in  the  circulating  blood.  The  exact  causes 
of  eosinophilia  arc  not  thoroughly  understood. 
But  is  seems  to  be  an  almost  constant  accom- 
paniment of  certain  diseases,  notably  of  infec- 
tion by  intestinal  parasites.  So  it  is  in  trichini- 
asis,  in  anchylostomiasis  and  in  infection  by 
the  ordinary  tapeworm.  Consult  Ewing,  'Pa- 
thology o'  Blood'  (1902). 

EOSTRA,  the  Teutonic  goddess  of  spring. 
The  festival  in  her  honor  is  believed  to  have 
given  its  name  to  our  Easter. 

EOTHEN,  Alexander  William  Kinglake, 

later  known  as  the  historian  of  the  Crimean 
War,  made  about  1835,  three  years  after  his 
graduation  from  Cambridge,  a  tour  through 
Turkey,  Egypt  and  the  Holy  Land.  In  1844 
after  he  had  twice  rewritten  his  manuscript 
he  published  a  narrative  of  his  Eastern  experi- 
ence under  the  title  'Eothen,'  a  Greek  word 
signifying  "from  the  early  dawnB  or  "from  the 
East.0  In  an  interesting  preface  he  explains 
that  he  has  deliberately  avoided  the  virtues  of 
the  ordinary  book  of  travel.  What 'he  has 
sought  to  impart  is  not  statistical  and  geo- 
graphical information  but  the  tang  and  color 
and  thrill  of  his  own  personal  impressions  amid 
those  alien  scenes  and  peoples  which  he  dis- 
covered when  he  slipped  out  at  the  back  door 
of  Europe.  As  Kinglakc's  impressions  were 
extraordinarily  fresh,  vivid  and  intense,  and 
as  his  style  corresponded  to  his  impressions, 
he  added  to  the  golden  treasury  of  travel  liter- 
ature an  enchanting  little  volume  which  takes 
its  place  with  'Child  Harold's  Pilgrimage,* 
'The  Bible  in  Spain, >  and  'Travels  with  a 
Donkey.'  In  reading  books  of  this  sort  one's 
interest  passes  back  and  forth  between  the 
traveler  and  the  lands  through  which  he  travels. 
Kinglake  as  he  presents  himself  is  the  typical, 
self-contained,  independent,  resolute  young 
English  gentleman,  concealing  his  occasional 
moments  of  poetical  rapture  beneath  an  im- 
perturbable exterior  and  smiling  inwardly  to 
perceive  how  his  mere  presence  and  bearing 
extort  from  Turk  and  Bedouin  the  deference 
due  to  a  natural  lord  of  creation  —  a  modest 
incarnation,  in  short,  of  that  spirit  which  has 
made  it  impossible  for  the  sun  to  set  on  British 
soil.  The  most  amusing  illustration  of  this 
English  sp:rit  is  to  be  found  in  the  2°th  chap- 
ter, in  wfrch  Kinglake  relates  how  he  and  a 
Russian  officer  forced  a  landing  at  Satalieh  in 
defiance  of  the  quarantine  officers,  marched 
through  the  streets  to  the  residence  of  the 
Pasha,  entered  his  audience  chamber,  seated 
themselves  rn  the  divan  at  his  side  and  bullied 
him  through  an  interpreter  into  open-armed 
hospitality.  Another  wonderful  chapter, 
•Cairo  and  the  Plague,"  depends  partly  for  its 
effect  upon  the  stunning  contrast  between  the 
wailing  pestilence-stricken  c:ty  and  the  non- 
chalant Englishman  going  about  his  business 
and  his  pleasure  undctcrrrd  by  the  universal 
terror  of  contagion.  Superb,  too,  as  a  repre- 
sentation of  the  traditional  English  reserve, 
is  his  account  of  his  meeting  in  the  desert  with 
another  solitary  Englishman  traveling  west- 
ward from  India,  whom  he  would  have  passed 
with  a  silent  nod  but  for  the  friendly  interposi- 
tion of  their  respective  camels.  The  passages 
in  'Eothen,1  however,  which  are  unforgettable 


and  which  raise  the  terse,  brilliant,  narrative 
almost  to  the  level  of  poetry,  are  those  com- 
memorating the  not  infrequent  occasions  when 
the  magic  of  the  East  broke  through  the  trav- 
eler's guard  and  laid  its  spell  upon  him  in  some 
lonely  bivouac  by  the  Dead  Sea,  or  in  the 
Sanctuary  of  Nazareth,  or  on  a  dromedary's 
back  in  some  sun-smitten  wilderness  of  sand, 
or  in  a  curious  throng  of  dark-eyed  Jewish 
girls,  or  when  the  sharp  vision  of  an  abandoned 
English  garden  flashed  into  memory  and  ming- 
led with  the  splash  of  fountains  and  the  fra- 
grance of  Eastern  roses  in  some  old  garden  of 
Damascus.  Consult  Tuckwell,  <A.  W.  King- 
lake'  (1902). 

Stuart  P.  Sherman. 

EOTV0S,  et'vesh,  Joseph,  Baron  von, 
Hungarian  statesman  ana  author:  b.  Ofcn,  13 
Sept.  1813;  d.  Pesth,  3  Feb.  1871..  He  was  edu- 
cated by  private  tutors,  especially  the  well- 
known  Hungarian  patriot  and  liberal  Pruzsinsky, 
who  gained  a  powerful  mental  influence  over 
him  and  was  primarily  responsible  for  the  lib- 
eral ideas  and  ideals  which  Eotvos  displayed 
later  in  life.  He  completed  his  studies  in  phi- 
losophy and  law  at  the  Univesity  of  Pesth  in 
1831.  Even  before  leaving  the  university  he 
produced  three  plays — 'Kritikusok,'  'Haza- 
sulok»  and  'Boszu' —  the  last  a  tragedy,  all  of 
which  were  well  received.  From  1832-37  he 
traveled  extensively  in  Europe  and  occupied  a 
number  of  minor  governmental  offices.  After 
1838  he  devoted  himself  exclusively  to  literature 
and  politics,  joining  the  Young-Hungarian  Re- 
form party.  In  the  same  year  he  published  an 
important  work  on  the  reform  of  prisons  (Pesth 
1838)  ;  he  became  a  friend  of  Kossuth  and  dis- 
tinguished himself  as  a  journalist  and  as  a 
speaker  in  the  Diet.  A  collection  of  his  early 
political  writings  was  published  in  Leipzig  in 
1846.  His  literary  work  of  this  period  resulted 
in  a  succession  of  novels  giving  vivid  pictures 
of  Hungarian  life  during  his  own  times  and  in 
more  remote  epochs:  'The  Carthusian'  (Pesth 
1838-41);  <A  Falu  Jegyzojc'  (Pesth  1844-:6; 
translated  into  English  as  'The  Village  Notary' 
by  O.  Wenckstern,  New  York  1850)  ;  'Hungary 
in  1514'  (3  vols.,  Pesth  1847-48).  After  the 
March  revolution  of  1848  he  became  Minister 
of  Public  Instruction  under  Batthany,  but  the 
September  revolution  of  the  same  year  made 
him  lose  hope  in  the  cause  of  liberalism  in  his 
country  and  he  retired  to  Munich,  remaining 
in  voluntary  exile  for  three  years.  During  this 
period  he  published  several  works,  among  which 
was  'The  Influence  of  the  Ruling  Ideas  of  the 
19th  Century  on  the  State'  (2  vols.,  Pesth  1851- 
54),  which  is  considered  his  most  important 
work.  About  the  middle  of  1851  he  again  re- 
turned to  Hungary  and  was  made  vicc-pres:dcnt 
of  the  Hungarian  Academy  in  1856  and  presi- 
dent in  1866.  After  his  return  he  was  a  staunch 
supporter  of  Deak  (q.v.)  and  of  h:s  efforts  to 
arrange  the  famous  Austro-Hungarian  Compo- 
sition (Ausgleich)  of  1867.  In  that  year  he 
in  became  Minister  of  Public  Instruction  in 
Andrassy  cabinet.  From  then  on  until  his 
death  all  his  energies  were  devoted  with  con- 
siderable success  to  the  improvement  and  lib- 
eralization of  the  Hungarian  school  system. 
In  1879  a  bronze  statue  by  Huszar  was  erected 
in  his  memory  at  Pesth.  A  collection  of  his 
writings  was  published  in  Pesth  in  14  volumes 
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(1870),  and  still  another  in  17  volumes  (1891). 
His  political  speeches  were  collected  in  two 
volumes  in  1875  and  1886.  Consult  Berzeviczy, 
A.  v.,  'Baron  Josef  Eotvos  als  Kulturpolitikcr* 
(in  Ungarische  Rundschau,  Vol.  Ill,  p.  78. 
Munich  1914);  Fercnczi,  Z.,  'Baron  Josef 
Eotvos >  (Budapest  1903) ;  Ringwald,  W., 
'Bcitrage  zu  einer  Kritischen  Wurdigung  dcr 
Staatslchrc  des  Barons  Josef  von  Eotvos* 
(Zurich  1908). 

EdTVOS,  Roland,  H  ungarian  scientist  and 
statesman:  b.  Budapest,  27  July  1848.  He  is  a 
son  of  Joseph  Eotvos  (q.v).  He  studied  at 
Konigsberg  and  Heidelberg,  receiving  an  ap- 
pointment as  lecturer  at  Budapest  18/1  and  as 
professor  of  experimental  physics  there  1875, 
being  made  a  member  of  the  Hungarian  Acad- 
emy of  Sciences  1873,  and  becoming  its  presi- 
dent in  1893.  Much  of  his  attention  has  been 
given  to  the  problems  of  gravitation  and  capil- 
lary attraction.  He  was  made  a  life  member 
of  the  Hungarian  House  of  Magnates  and  was 
Minster  of  Public  Worship  and  Education 
1894-95. 

EOZOIC  (e-6-zo'Tk)  ERA  (dawn  of  life), 
one  of  the  early  names  applied  to  the  Geologic 
Pre-Cambrian  or  Algonkian  period,  during 
which  life  first  appeared  on  the  earth.  The 
eozoic  rocks,  though  often  showing  traces  of 
organic  origin,  have  in  general  been  greatly 
metamorphosed  and  contain  few,  if  any,  fossils. 
Stratigraphically  they  are  separated  from  the 
Arcluean  (or  Azoic)  rocks  below  and  the  Cam- 
brian (or  earliest  Palaeozoic)  rocks  above  by 
unconformities.  See  Algonkian  System;  Ge- 
ology; Huronian  Series;  Keweenawan  Series. 

EOZOON,  e-6-zo'on.  Sir  J.  W.  Da  wson 
(q.v.)  in  1864  described  certain  curious  aggre- 
gates of  calcite  and  serpentine  in  the  Lauren- 
tian  limestone  of  the  lower  Saint  Lawrence 
Valley  as  the  remains  of  a  foraminiferan  which 
he  called  Eozoon  Canadense.  The  so-called 
fossil  was  thought  to  represent  the  earliest 
known  form  of  life  on  the  globe.  The  evi- 
dence of  organic  origin  is,  however,  not  con- 
clusive. Similar  forms  have  been  found  in 
Bavaria.  Moebius,  who  investigated  Eozoon 
thoroughly,  concluded  that  the  serpentine  in 
the  calcite  had  infiltrated  along  a  very  regular 
system  of  fine  fissure  and  most  geologists  now 
believe  that  Eozoon  is  of  inorganic  origin.  An 
extensive  literature  has  sprung  up  as  a  result 
of  this  discussion.  A  list  of  most  of  the  im- 
portant papers,  almost  all  published  in  scienti- 
fic journals  of  Europe  and  this  country*  may  be 
found  in  the  bibliography  of  Sir  I.  W.  Dawson, 
attached  to  a  memoir  of  his  life  by  F.  D. 
Adams  and  published  in  the  Bulletin  of  the 
Geological  Society  of  America  (Vol.  II,  New 
York  1899).  Consult  Dawson.  Sir  J.  \V..  "The 
Dawn  of  Life*  (London  1875)  ;  'Review  of  the 
Evidence  for  the  Animal  Nature  of  Eozoon 
Canadense*  (in  McGill  University  Taper,  De- 
partment of  Geology,  Nos.  1-2,  Montreal  18%)  ; 
Haucr,  M.,  'Das  Eozoon  Canadense*  (2  vols., 
Leipzig  1885). 

EPACRIDACE/E,  cp-a-kri-da'sc-e,  a  small 
order  of  heath-like  shrubs  or  small  trees,  usu- 
ally reckoned  as  the  Australian  sub  order  of 
Ericaa-fr,  from  which  they  arc  chiefly  distin- 
guished by  the  epip<  talons  stamens  destitute  of 
the  peculiar  specialisations  of  anther  dehiscence 
or  appendages    The  flowers  arc  red,  white  or 


purple,  generally  in  leafy  spikes.  Many  species 
are  cultivated  in  greenhouses  along  with  the 
heaths  proper.  Among  the  most  attractive  of 
these  is  E.  qrandiflora,  which  has  blossoms 
nearly  an  inch  in  length,  of  a  brilliant  reddish 
purple  at  the  base  and  pure  white  at  the  apex. 
A  few  species  produce  edible  berries  resembling 
the  American  huckleberry,  and  which  arc  known 
as  Australian  cranberries. 

EPACTS  (Gr.  "additions"),  in  ecclesiastical 
chronology,  a  set  of  19  numbers  used  for  fixing 
the  date  of  Easter  and  other  Church  festivals, 
by  indicating  the  age  of  the  moon  at  the  be- 
ginning of  each  civil  year  in  the  lunar  cycle 
At  the  reformation  of  the  calendar  in  1582 
it  was  found  that  the  Golden  Numbers  could 
no  longer  by  themselves  serve  the  purpose  of 
adjusting  the  double  reckoning  by  lunations 
and  by  the  trop'cal  or  true  year;  and  thus, 
instead  of  adopting  the  more  rational  com- 
putation, the  Roman  Church  devised  the  arti- 
ficial and  involved  method  of  epacts.  The  main 
point  to  determine  is  the  age  of  the  moon  (in 
entire  days)  at  the  beginning  of  each  civil  year, 
or  the  'number  of  days  between  the  end  of  the 
ecclesiastical  year  in  December  and  the  first 
January  succeeding.  Thus,  subtracting  354  days 
(12  lunations)  from  365.  we  should  have  11  days 
for  the  first  annual  epact,  then  22  for  the  year 
following,  then  3,  14,  25,  6  17,  28,  9,  20,  L  12, 
23,  4,  15,  26,  7,  18  and  29;  the  series  of  19 
numbers  being  obtained  in  succession  by  add- 
ing 11,  and  when  the  sum  exceeds  30,  subtract- 
ing that  number.  This  illustration,  however,  is 
simpler  than  any  actual  case,  by  reason  of  the 
leap-years,  which  require  12  to  be  added  for  the 
following  epact,  and  of  the  fact  that  no  lunation 
is  exactly  30  days  long.  When  the  lunar  cycle 
of  19  years  is  completed,  the  epacts  recur  again 
in  the  same  order.  In  the  Anglican  reckoning, 
as  distinguished  from  the  Roman,  it  is  note- 
worthy that  the  Gregorian  epact  for  any  year 
is  the  same  as  the  Julian  epact  for  the  year 
preceding,  owing  to  the  coincidence  that  11, 
the  number  of  days  lost  on  the  Julian  account 
before  the  English  Parliament  adopted  the  re- 
formed calendar  (q.v.),  is  also  the  number,  of 
days  between  the  lunar  and  the  solar  years. 
The  epact  determines  by  subtraction  the  date  of 
the  first  new  moon  in  January;  then  by  adding 
29  and  30  alternately  the  successive  new  moons 
throughout  the  year  are  assigned  to  their  re- 
spective dates.  Consult  Clavnus,  C,  'Romani 
Calcndarii  a  Grcgorio  XIII  P.  M.  Restituti  Ex- 
plicate etc.'  (Rome  1603);  Butcher.  J.  G..  and 
Butcher,  S.  H.,  editors,  'The  Ecclesiastical 
Calendar:  Its  Theory  and  Construction'  (Dub- 
lin 1877)  ;  Dc  Morgan^  A,  'The  Book  of 
Almanacs'  (London  1871);  Scabury,  S.,  'The 
Theory  and  Use  of  the  Church  Calendar  in 
the  Measurement  and  Distribution  of  Time' 
(New  York  1872);  Kennedy,  Thomas,  'Epacts' 
(in  'Catholic  Encyclopedia,'  Vol.  V,  p.  480. 
New  York  1909). 

EPAMINONDAS,  e-pam"in-on'das,  The- 
ban  general  and  statesman:  b.  about  418  bc. : 
d.  Mantineia,  Arcadia,  Greece,  362  B.C.  He 
was  distinguished  for  the  friendship  existing 
between  him  and  Pelopidas,  whose  life  he  had 
saved  in  385  at  Mantineia.  He  was  sent  to 
Sparta  371  B.C.  to  repn-srnt  Thebes  in  negotiat- 
ing a  peace  with  the  Athenian  envoys.  As  the 
Spartans  refused  to  recognize  Thebes  as  the 
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representative  of  Bceotia,  the  Thebans  were  ex- 
cluded from  the  peace.  Cleombrotus  was  sent 
by  tiie  Spartans  to  invade  Bueotia,  but  was  de- 
feated at  Leuctra  (371  a.c),  chiefly  through  the 
tactics  of  Epaminondas.  Two  ycacs  after 
Epaminondas  and  Pelopidas  were  made 
Bceotarchs.  They  detached  several  nations 
from  the  alliance  of  Lacedaemon,  and  delivered 
the  Mcsscnians,  whose  capital  they  rebuilt. 
Epaminondas  then  marched  with  his  army  to 
Sparta;  but  this  city  was  so  bravely  and  skil- 
fully defended  by  Agesilaus  that  the  Theban 
hero  retreated.  An  accusation  was  brought 
against  him  on  his  arrival  in  Thebes,  because 
he  and.  Pelopidas  had  kept  the  Bceotarchate  be- 
yond the  legal  time ;  the  accusation  was  literally 
true,  but  the  infringement  of  the  law  was  justi- 
fied by  his  services,  and  after  having  pleaded 
his  own  cause,  he  was  acquitted.  In  368  he  com- 
pelled Sicyon  and  Pellene  to  relinquish  the 
Lacedaemonian  alliance,  and  in  the  same  year 
served  in  a  Theban  army  sent  into  Thessaly  to 
rescue  Pelopidas,  who  was  kept  a  prisoner  at 
Phcrar  In  the  following  year  he  commanded 
an  expedition  with  the  same  object  which  was 
successful.  In  362  he  was  compelled  to  make 
head  against  a  formidable  coalition  of  states,  in- 
cluding Athens  and  Sparta.  His  tactics  were 
never  more  brilliant  and  successful  than  in  this 
campaign,  but  in  the  battle  of  Mantincia  he  was 
killed  at  the  moment  of  victory.  Consult  Col- 
croft,  J.  W.,  'Epaminondas  of  Thebes>  (in 
Dublin  University  Magazine,  Vol.  XL,  p.  34, 
Dublin  1852) ;  Cornelius  Nepos,  'Vita  Epami- 
nondac*  ;  Pomtow,  L.,  'Das  Leben  des  Epami- 
nondas »  (Berlin  1870);  North,  Sir  T,  cd.  and 
trans.,  'The  Lives  of  Epaminondas,  Philip  of 
Macedonia,  etc'  (in  'Plutarch's  Lives  of  the 
Noble  Grecians  and  Romans,*  London  1656); 
Yonge,  C.  M.,  'A  Book  of  Worthies>  (New 
York  1882). 

EPAPHOS,  the  son  of  Zeus  and  Io,  who, 
according  to  Ovid,  caused  Phaeton's  destruction 
by  denying  his  divine  descent.  Epaphos,  ac- 
cording to  Greek  mythology,  became  the  ances- 
tor of  the  Egyptian  race  and  the  first  lord  of 
their  country  whither  his  mother  had  fled  be- 
fore the  jealous  wrath  of  Hera  and  where  he 
had  been  born.  There  are  comparatively  few 
references  to  him  in  the  Greek  writers;  only 
Pindar,  jEschylus,  Euripides,  Herodotus,  Ovid 
and  a  few  less  important  writers  of  later  date 
mention  him.  Herodotus  claims  that  his  name 
was  the  Greek  equivalent  to  the  Egyptian  deity 
Apis.  Consult  Bcrens,  E.  M.,  (A  Handbook  of 
Mythology*  (New  York,  n.  d.)  ;  Gruppe,  O.. 
♦Griechischc  Mvthologie  und  Religionsgc- 
schichtc*  (in  'Handbuch  der  Klassiscnen  Al- 
tertums  wissenschaften,  etc.,'  Vol.  VII,  Munich 
1897-1903)  ;  Linforth,  I.  M.,  'Epaphos  and  the 
Egyptian  Apis'  (in  University  of  Calfornia 
Publications  in  Classical  Philology,  Vol.  II, 
No.  5,  Berkeley  1910). 

EPARCHY  (  impxln  ).  originally  the 
name  of  one  of  the  divisions  of  the  Roman 
Empire,  being  a  subdivision  of  a  diocese. 
Both  of  these  terms  were  adopted  by  the 
Church.  Ecclesiastical  eparchies  were  under  a 
metropolitan  to  whom  the  first  Council  of  Nica?a 
(325)  gave  the  power  to  appoint  the  other 
bishops  in  his  eparchv.  Later  this  term  was 
applied  to  mean  the  diocese  of  any  bishop.  It 
is  now  in  common  use  only  in  the  Russian 
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Church,  where  it  still  applies  to  all  subdivisions 
of  the  Church  corresponding  to  the  western  dio- 
cese. There  were,  before  the  Russian  Revo- 
lution of  1917,  86  eparchies  of  which  three  were 
administered  by  metropolitans  (Kiev,  Moscow 
and  Petrograd),  14  by  archbishops  and  the  rest 
by  bishops. 

EPAULEMENT,  e-pal'meiit,  in  fortifica- 
tion, a  term  originally  employed  to  denote  a 
mound  of  earth,  raised  to  protect  a  body  ot 
troops  at  the  extremity  of  their  line ;  or  a  screen 
or  rampart  erected,  as  a  sort  of  shoulder,  to 
defend  the  flank  of  a  battery'  from  enfilading 
fire,  which  would  dismount  its  guns.  In  mod- 
ern artillery,  the  word  is  applied  to  the  whole  • 
mass  of  earth,  stone  or  fascines  raised  to  pro- 
tect a  battery  both  in  front  and  at  the  flanks. 
It  is  also  used  of  the  breastwork  set  up  to  shel- 
ter reserve  artillery    See  Fortifications. 

EPAULET,  ip'a-let,  an  ornamental  badge 
consisting  of  a  fringe  hanging  over  the  shoul- 
der, worn  in  the  English  army  up  to  1855,  and 
still  worn  in  the  English  navy  by  all  ranks 
above  lieutenant.  Epaulets  were  not  partially 
discarded  by  the  United  States  army  until  1872, 
when  none  but  general  officers  continued  to 
wear  them.  In  the  United  States  navy  the 
epaulet  is  worn  by  all  officers  above  the  rank  of 
ensign.  The  French  private  soldiers  wear  epau- 
lets of  worsted. 

EPSX  a-pa',  Charles  Michel,  Abb6  de  1', 
French  instructor  of  the  deaf  and  dumb :  b.  Ver- 
sailles, France,  25  Nov.  1712;  d.  Paris,  23  Dec. 
1789.  Taking  orders,  he  became  a  preacher  and 
canon  at  Troyes,  but  later  lived  in  retirement  in 
Paris.  In  1765  he  first  began  to  occupy  him- 
self with  the  education  of  two  deaf  and  dumb 
sisters;  and,  as  he  asserted,  without  any  previ- 
ous knowledge  of  Pcrcira's  efforts  in  the  cause, 
invented  a  language  of  signs,  by  which  persons 
thus  afflicted  might  be  enabled  to  hold  inter- 
course with  their  fellow-creatures.  He  deter- 
mined to  devote  his  life  to  the  subject.  At  his 
own  expense  he  founded  an  institution  for  the 
deaf  and  dumb,  which  was  first  publicly  ex- 
amined in  1771,  and  from  1778  received  an  an- 
nual subsidy.  It  was  not,  however,  converted 
into  a  public  institution  till  two  years  after  his 
death.  He  published  'Institution  des  Sourds 
et  Muets,  etc.'  (Paris  1774);  'Instruction  des 
Sourds  ct  Muets  par  la  Voie  des  Signcs  Meth- 
odiqucs*  (Paris  1776)  ;  'La  Veritable  Maniere 
d'instruire  les  Sourds  ct  Muets*  (Paris  1784). 
Consult  Arnold,  Thomas,  'Aures  Surdis.  The 
Education  of  the  Deaf  and  Dumb'  (London 
1872)  ;  Arrowsmith,  J.  P.,  'The  Art  of  In- 
structing the  Infant  Deaf  and  Dumb,  etc.* 
(London  1819)  ;  Berthier.  F.,  'L'Abbe  de  l'Epee, 
sa  Vic,  etc.'  (Paris  1852)  ;  Bouilly,  J.  N.,  'The 
Deaf  and  Dumb;  or,  the  Abbe  de  l'Epee.  An 
Historical  Play  in  Five  Acts*  (Paris  1800; 
London  1801). 

EPEIRA,  e-pi'ra,  a  genus  of  spiders,  typical 
of  the  family  of  Epeiriaa,  comprising  some  of 
the  largest  and  best-known  spiders,  those  build- 
ing orb-webs.  They  occur  in  all  parts  of  the 
world,  and  are  usually  handsomely  marked. 
See  Orb-wkavrr;  Spider. 

EPEIROGENTC  MOVEMENTS.  These 

are  such  geological  movements  as  have  to  do 
with  the  uplift  and  depression  of  continents 
and  oceanic  basins,  as  distinguished  from  oro- 
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genie  movements,  which  form  mountain  ranges. 
Their  causes  are  only  imperfectly  understood. 
Among  the  factors  which  are  thought  to  have 
played  a  part  in  inducing  them  are  the  expan- 
sion of  strata  in  which  the  escape  of  heat  has 
been  blanketed  by  superincumbent  deposits,  the 
weight  of  these  superincumbent  deposits,  the 
wrinkling  of  the  earth's  crust  due  to  cooling 
and  the  tidal  effect  of  the  moon  on  the  earth's 
lithosphere.  Epeirogcnic  movements  are  usu- 
ally measured  from  sea-level,  but  it  is  highly 
probable  that  they  are  all  in  the  strictest  sense 
movements  of  depression,  as  there  is  strong  evi- 
dence that  the  radius  of  the  earth's  crust  is 
■  steadily  diminishing.   See  Earth;  Geology. 

EPENCEPHALON,  a  term  used  to  desig- 
nate that  part  of  the  embrionic  brain  from 
which  the  cerebellum  and  pons  Varolii  are 
formed.  In  the  fully  developed  brain  the  term 
is  used  for  that  part  containing  the  cerebellum, 
pons  Varolii  and  the  medulla  oblongata.  See 
Brain. 

EPERiES,  a-par'yes  (Slovak  Pressova), 
Hungary',  an  old  town  on  the  Tarcza,  190  miles 
northeast  of  Budapest  bv  rail.  The  city  was 
destroyed  by  fire  in  1887.  It  is  the  seat  of  a 
Greek  Catholic  bishop,  and  has  a  Lutheran  col- 
lege. It  manufactures  earthen-ware,  linens  and 
woolens,  and  has  some  trade  in  corn  and  Tokay 
wne;  in  the  vicinity  arc  the  Sovar  saltworks. 
The  Reformed  Church  made  great  headway 
here  and  the  city  played  a  considerable  part  in 
the  religious  wars  of  the  16th  and  17th  century. 
It  is  celebrated  as  the  scene  of  the  'butchery  of 
Eneries,"  when  the  Austrian  general  Caraffa  in 
1687  instituted  a  series  of  Protestant  persecu- 
tions and  martyrdoms.   Pop.  16,323. 

EPERNAY,  a-per-nl,  France,  in  the  depart- 
ment of  Marne,  in  the  midst  of  a  rich  vine- 
growing  district,  19  miles  northwest  of  Chalons, 
The  earthen-ware  called  tcrre  de  Champagne  is 
made  in  fipernay.  It  is  an  entrepot  for  Cham- 
pagne wines,  which  are  kept  in  vaults  in  the 
chalk  rock  on  which  the  town  is  built.  There 
are  large  railway  workshops.    Pop.  21,811. 

lfcPERNON,  da-par-non',  Jean  Louis  de 
Nogaret,  Due  6",  French  courtier:  b.  1554;  d. 
1642.  About  1573  he  became  a  partisan  of 
Henry  III,  whose  fortunes  he  followed  and 
whose  chief  favorite  he  became.  In  return  the 
king  enriched  h'm.  made  him  Duke  of  Epernon 
in  1581,  and  admiral  of  France.  He  was  ap- 
pointed governor  of  Normandy  in  1587,  but 
through  the  influence  of  the  Catholic  League 
he  was  exiled  to  Loches  in  1588.  Henry  IV 
made  him  governor  of  Limousin  in  1596  and  he 
was  transferred  to  Guicnnc  in  1622.  In  the 
early  period  of  h  s  ascendancy  Epernon  was  a 
defender  of  absolute  monarchy,  but  later  he 
urged  the  independence  of  the  nobility.  His 
opposition  to  the  policies  of  Cardinal  Richelieu 
caused  the  latter  to  banish  him  to  Loches  in 
1641.  Consult  the  life  by  Montbrison  (Paris 
1874). 

EPERVIER,  The.  See  Peacock  and 
Epervikr.  Battle  ok. 

EPHAH,  e'fa,  a  dry  measure  of  capacity 
among  the  ancient  Hebrews,  corresponding  with 
the  liquid  measure  bath.  The  cphah  contained 
about  37  litres,  equal  to  about  10  gallons  of 
the  United  States  or  8  gallons  British  There 
were,  however,  two  measures  called  epbah,  of 


which  the  above  estimate  applies  to  the  smaller, 
and  this  contained  about  one-tenth  less  than  the 
other.  The  ephah  had  18  cabs  or  72  logs.  Con- 
sult Nicholson,  E.,  'Men  and  Measures'  (Lon- 
don 191-2). 

EPHARMONY.  See  Ecology. 

EPHEDRA,  ef'e-dra,  a  genus  of  shrubs 
used  for  decorative  purposes  in  landscape  gar- 
dening. In  general  appearance  they  resemble 
the  horsetails.  The  flowers  are  small  and  incon- 
spicuous. The  species  occur  in  all  parts  of  the 
world,  but  are  not  hardy  and  need  protection 
from  frosts.  They  flourish  best  in  dry  or  rocky 
soils  and  are  easily  propagated.  Their  fruit  is 
said  to  be  mucilaginous,  eatable,  sub-acid  and 
slightly  pungent.  The  branches  and  flowers  of 
the  Asiatic  species  were  formerly  sold  as 
styptics. 

EPHEMERA,  e-fem'e-ra,  the  typical  genus 
of  the  insect  family  Ephemeridcr  (q.v.). 

EPHEMERIDJE,  ef-e-merl-de,  a  family 
of  neuropterous  insects  characterized  by  the 
slenderness  of  their  bodies ;  the  delicacy  of  their 
wings,  which  are  erect  and  unequal,  the  anterior 
being  much  the  larger;  the  rudimentary  condi- 
tion of  the  mouth  and  the  termination  of  the 
10-jointed  abdomen  in  3-jointed  filiform  ap- 
pendages. The  adult  May-flies,  or  day-flies,  as 
they  are  called,  emerge  from  the  chrysalis  on 
the  banks  of  the  running  streams  in  which  the 
eggs  are  hatched,  and,  appearing  usually  toward 
sunset,  when  they  throng  about  street-lamps, 
lighthouses  (where  sometimes  they  obscure  the 
light)  and  the  screens  of  lighted  windows,  are 
no  less  remarkable  for  their  great  activity  than 
for  their  enormous  numbers,  and  the  brief 
period  of  their  existence.  The  eggs,  which  are 
shed  in  a  mass,  drop  into  the  water.  The 
larvae  have  elongated  depressed  bodies;  setose 
antennae,  and  long  caudal  filaments ;  and  lamellar 
or  tufted  gills,  symmetrically  disposed  on  either 
side  of  the  abdomen.  They  remain  in  the  water 
for  a  year  or  two  before  undergoing  further 
change,  lying  beneath  stones,  and  leading  a  pre- 
daceous  life,  for  which  their  strong  jaws  fit 
them.  The  rudiments  of  wings  mark  the  com- 
mencement of  the  nymph  stage,  at  the  close  of 
which  they  crawl  out  of  the  water  and  cast  the 
nymph  integument.  Their  sexual  immaturity 
prior  to  the  second  molt  has  led  to  their  being 
named,  at  this  stage,  subimagos  or  pscudimagos. 
The  larvae,  which  are  very  similar  throughout 
the  family,  are  largely  used  as  bait.  There  are 
many  species  in  various  parts  of  the  world, 
divided  into  various  genera.  Ephemera  and 
C<enis  have  three  caudal  filaments;  Palingcnia 
and  Clo'e  only  two,  but  the  larvae  have  three. 
The  posterior  wings  are  absent  in  Clo'e  and 
Cams.   Consult  books  mentioned  under  Insects. 

EPHEMERIS,  an  astronomical  almanac 
The  plural  Ephemcrides  is  applied  to  tables 
showing  the  places  where  the  planets  and  heav- 
enly hodies  are  found  at  noon  of  every  day.  It 
is  from  these  tables  that  eclipses,  conjunctions, 
etc.,  of  the  planets  arc  determined.  An  espe- 
cially exhaustive  and  very  carefully  compiled 
bibliography,  covering  some  280  columns,  is  to 
be  found  under  the  heading  •  Ephemcrides '  in 
the  'Catalogue  of  Printed  Books.'  published 
by  the  British  Museum  (London  1887.  1902 
etc.).  Consult  Ncwcomb.  S.,  'Sidelights  on 
Astronomy'  (New  York  1906).  See  Almanac 
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EPHESIACA.  or  EPHESIAN  TALES, 

a  romance  in  Greek  from  the  pen  of  Xcnophon 
of  Ephesus.  It  is  occupied  with  the  loves  of 
Abrocomas  and  Anthia,  and  is  the  primary 
source  of  the  story  of  Romeo  and  Juliet. 

EPHESIANS,  Epistle  to  the.  Addressed 
to  "the  saints  that  arc  at  [Ephesus]9  by  Paul 
the  Apostle  when  a  Roman  prisoner  (i,  1 ;  iii, 
1 ;  iv.  1;  vi,  20),  linked  in  time  and  place  of 
composition  with  "Colossians*  and  "Philemon" 
by  the  mention  of  the  same  bearers,  Tychicus 
■of  Asia"  (Acts  xx,  4;  Eph.  vi,  20;  Col.  iv,  7) 
and  Oncsimus  of  Colossz  (Col.  iv,  9;  Philem. 
v,  12)  and  the  same  five  persons  sending  salu- 
tations (Col.  iv,  10-14;  Philem.  23-24).  As  the 
words  "at  Ephesus*  are  wanting  in  our  oldest 
MSS.  (Sinaiticus  and  Vaticanus),  a  fact  known 
to  Origen  (a  d.  186-254).  Basil  of  Osarea  (329- 
379),  and  probably  to  Marcion  (150?)  who 
named  the  epistle  assent  to  another  city  of  Asia, 
Laodicea,  the  original  may  have  borne  the  ad- 
dress: "to  the  saints  that  are  in  Asia*  (1  Cor. 
xvi,  19;  Act*  xix,  10),  like  "the  saints  that  are  in 
the  whole  of  Achaia*  (2  Cor.  i,  1)  so  as  to  in- 
clude the  province  as  well  as  the  capital.  That 
•the  epistle*  which  Paul  in  Col.  iv,  16  asks  to  have 
brought  "from  Laodicea*  for  public  reading 
was  our  "Ephesians*  is  a  common  and  plausible 
conjecture.  Its  suitability  in  form  and  contents 
to  serve  thus  as  a  circular  letter  has  been  recog- 
nized since  the  time  of  Beza  (1589)  and  Arch- 
bishop Ussher  (1673).  Personal  greetings  and 
messages,  like  those  in  Col.  iv,  10-17  (to  be 
given  orally.  Eph.  vi.  21-22),  and  controversial 
matter  like  Col.  ii,  8-23,  would  necessarily  be 
omitted.  There  would  remain,  however,  a  large 
residue  of  apostolic  teachings,  having  vital  and 
common  significance  to  all  "the  churches  of 
Asia." 

Origin  and  Content.— Answering  to  their 
simultaneous  origin,  the  phenomenal  paral- 
lel sm  between  Colossians  and  Ephesians  in 
thought  and  diction  presents  a  psychological  and 
literary  problem  of  exceptional  interest,  as  no 
fewer  than  78  of  the  155  verses  of  the  latter 
epistle  contain  phraseology  which  occurs  in  the 
former.  The  prevailing  penchant  of  the  19th 
century  for  literary  dissection,  however,  has 
failed  to  produce,  even  with  the  critical  acumen 
of  a  Holtzmann,  anything  better  than  a  com- 
plicated and  preposterously  artificial  theory  of 
secondary  imitation  and  compilation.  Here  is 
no  patched  garment,  but  a  seamless  robe.  In 
its  profundity,  sublimity,  spiritual  and  ethical 
intuition  and  in  structural  symmetry,  Cole- 
ridge's eulogium  is  well-nigh  justified:  "the 
divincst  composition  of  man.*  In  the  back- 
ground of  both  epistles  there  looms  the  august 
person  of  the  Cosmic  Christ  (Col.  i,  14-16; 
Eph.  i,  22-23)  ;  supreme  in  the  heavenly  realm 
(Col.  i,  16;  Eph.  i,  10-16);  vitally  and  cre- 
atively present  everywhere  in  his  Church  (Col. 
i,  6  18-19.  27;  Eph.  i,  22-23)  ;  the  living  bond 
of  union  between  Jew  and  Gentile  (Col.  i,  20; 
Eph.  i,  10;  ii,  15f)  ;  the  perennial  source  of 
transcendent  spiritual  knowledge  (Col.  i,  9; 
Eph.  i.  17),  and  ethical  vigor  (Col.  iii,  12-13; 
Eph.  iv,  2,  32).  If  the  mood  of  Colossians  is 
that  of  discussion,  that  of  Ephesians  is  medi- 
tation. Actual  residence  in  Rome  (Phil,  iv, 
22)  the  ruling  capital  of  "all  the  world*  (Col. 
i.  6),  sets  "the  kingdom  of  Christ  and  God* 
(Eph.  v,  5)  in  age-long  and  world-wide  per- 


spective. Calm  meditation  upon  the  cosmic  im- 
plications of  the  Gospel  message,  unvexed  by 
controversial  stress,  leaves  its  impress  upon  the 
vocabulary  and  style  of  one  who  could  speak 
of  having  been  "caught  up  into  Paradise*  (2  Cor. 
xii,  4).  Thus  in  i,  5-iii,  21  the  greater  elabora- 
tion of  the  conventional  epistolary  divisions  of 
Address,  Thanksgiving  and  Prayer,  fore- 
shadowed in  passages  like  Rom.  i,  1-15,  flowers 
forth  in  full  luxuriance,  and  in  like  manner 
the  effort  (manifest  in  Col.  ii,  8-23)  to  gain 
greater  fulness  of  expression  by  means  of 
lengthy  sentences  built  up  of  many  subordinate 
clauses,  and  the  employment  of  an  ampler  vo- 
cabulary, has  freer  scope.  The  resulting  super- 
ficial aspect  of  aimless  discursiveness  is  ap- 
parent rather  than  real ;  for  faith  and  love,  the 
dominant  elements  of  all  of  Paul's  Christo- 
logical  teaching,  form  the  obvious  warp  and 
woof  throughout. 

Theme. —  The  subject  of  the  epistle  is:  The 
Reincarnation  of  the  Cosmic  Christ  in  his 
Church  through  faith  (chs.  i-iii)  and  through 
love  (chs.  iv-vi).  Following  the  characteristic 
opening  salutation  of  "grace*  and  "peace"  from 
God  and  Christ  (i,  1-2)  an  elaborate  Doxology 
(in  place  of  the  usual  Thanksgiving)  develops 
God's  pre-mundane  plan:  the  gift  to  Jewish  and 
Gentile  believers  through  Christ  of  salvation, 
spiritual  wisdom,  faith  and  love  (i,  3-16a). 
The  Prayer,  which  forms  the  subject  of  the 
remainder  of  the  first  three  chapters,  is  for 
the  revelation  to  the  readers'  faith  of  God's 
redemptive  purpose  for  the  whole  human  race 
(i,  16b-4ii,  21).  After  the  substance  of  the 
prayer  is  briefly  introduced  in  i,  16-19,  three 
facts  are  developed  as  stimulating  to  faith: 
God's  power  already  exhibited  in  the  Head  of 
the  Church  by  his  resurrection  and  enthrone- 
ment and  reproduced  in  the  spiritual  life  of  the 
members  of  his  body,  the  Church  (i,  21-ii,  10)  ; 
in  the  spiritual  union  in  his  Church  of  the  two 
mutually  hostile  divisions  of  the  human  race 
(ii,  11-22),  and  in  the  revelations  of  divine 
power  and  grace  vouchsafed  to  the  apostle  in 
his  Gentile  ministry  (iii,  1-13).  The  way  is 
thus  prepared  for  the  triumphant  da  capo  repe- 
tition in  iii,  14-19.  with  full  organ  tones,  of 
the  initial  motif  of  i,  16-19.  The  exquisite 
summarizing  cadence  (iii,  20-21)  in  the  form 
of  a  doxology,  like  the  opening  one  in  i,  3-14, 
is  an  appeal  to  faith  such  as  appears  in  the 
whole  underlying  motive  of  i-iii.  The  com- 
plementary theme  of  chs.  iv-vi  is  love,  the 
organic  principle  of  the  life  of  God  and  Christ 
in  his  Church  (iv,  1-16)  and  a  regenerating 
and  unifying  force  in  all  of  the  believer's  social 
and  domestic  relations  (iv,  17-6,  9).  The  con- 
cluding section  (vi,  10-24)  strikes  once  more 
the  dominant  notes  of  "faith*  and  "love."  The 
life  of  faith  in  Christ  and  God  is  shown  to  be 
the  Church's  sole  defense  against  superhuman 
spiritual  foes  (vi,  10-18).  The  closing  personal 
references,  after  bespeaking  such  a  loving  in- 
terest in  the  prayers  of  the  readers  as  the 
writer  has  for  them,  and  repeating  the  initial 
salutation  (i,  2)  of  "grace"  and  "peace*  from 
God  and  Christ,  end  on  the  two  high  notes  of 
"faith*  and  "love,"  and  with  characteristic 
Pauline  stress  on  the  "greater*  (1  Cor.  xiii.  13) 
of  these. 

Bibliography. —  Discussions  of  the  prob- 
lems of  authorship,  vocabulary,  style  and  re- 
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lation  to  Colossians  may  be  found  in  New  Tes- 
tament Introductions:  T.  Zahn  (Eng.  trans. 
190°);  J.  Moffatt  (1901);  B.  Weiss  (1897)  ; 
H.  J.  Holtzmann  (1892);  A.  Juelicher  (1904): 
A.  S.  Peake  (1910)  ;  F.  J.  A.  Hort  (1895)  and 
detailed  exegesis  in  the  commentaries  of  C.  J. 
Ellicott  (4th  ed.,  1868)  ;  H.  A.  W.  Meyer  (Eng. 
trans.,  1880);  J.  A.  Robinson  (1904);  H.  von 
Soden  (Handcommentar,  2d  ed.,  1893);  E. 
Haupt  (8th  ed..  1902). 

Marcos  D.  Bieix, 
Professor  of  New  Testament  Greek  and  Exe- 
gesis, Boston  University  School  of  Theology 

EPHESUS,  if'e-sus.  Asia  Minor,  a  Greek 
city  of  Lydia;  one  of  the  12  Ionian  cities;  near 
the  mouth  of  the  river  Caystrus,  now  called 
Kutshuk  Mcndrc.  Ephesus  is  now  represented 
by  the  village  of  Ayasoluk,  about  36  miles  from 
Smyrna,  on  the  railroad  to  Aidin.  After  he- 
longing  to  the  Ionians,  it  fell  successively  under 
the  dominion  of  the  Lydian  and  Persian  king*. 
Its  importance  as  a  commercial  city  dates  chicflv 
from  the  time  of  Alexander  the  Great,  and  it 
was  the  starting  point  of  one  of  the  great  trade 
routes  into  Asia  Minor.  The  apostle  Paul  lived 
for  two  years  at  Ephesus  and  established  a 
Christian  Church  there,  to  which  he  addressed 
one  of  his  epistles.  Timothy  succeeded  Saint 
Paul,  and  Saint  John  is  said  to  have  had  charpe 
of  the  Church  after  Timothy,  and  to  have  died 
at  Ephesus.  Its  bishop  was  the  first  of  the 
seven  to  whom  the  Apocalypse  was  addressed. 
It  was  long  famous  for  its  temple  of  Artemis 
(Diana),  called  Artemision,  reckoned  one  of 
the  seven  wonders  of  the  world.  The  temple 
was  of  the  Ionic  order,  and  wa*  adorned  with 
many  nillars,  each  60  feet  high,  and  with  numer- 
ous statues  and  paintings  by  the  most  celebrated 
Grecian  masters.  It  had  been  destroyed  seven 
or  eight  times  before  Pliny  wrote,  particularly 
by  the  notorious  Herostratus,  356  b  c.  The  tem- 
ple, however,  was  rebuilt  by  the  Ephcsians  with 
more  magnificence  than  ever,  whose  women 
contributed  their  trinkets  to  the  general  fund 
raised  for  this  purpose.  There  were  also  many 
other  temples  here,  a  theatre,  a  stadium  or  race- 
course, gymnasia,  odeum,  etc.  The  site  of  the 
temple  had  become  lost  when  it  was  discovered 
by  Mr.  Wood  in  1867-69.  In  his  excavations 
he  found  that  the  building  measured  about  343 
feet  by  164,  and  stood  on  a  raised  platform 
measuring  418  feet  by  239.  Important  excava- 
tions have  since  been  carried  out  here  by  the 
Austrian  Archaeological  Institute  and  the 
theatre,  important  buildings  connected  with  the 
gymnasium,  and  a  splendid  semicircular  marble 
portico  round  the  east  side  of  the  harbor  have 
thus  been  disclosed.  In  the  double  church  of 
Saint  Mary  the  Virgin  the  Council  of  Ephesus 
was  held  in  431.  The  Great  Mosque  or  Church 
of  Saint  John,  the  cave  of  the  Seven  Sleepers, 
and  other  interesting  objects  are  to  be  seen 
here.  Consult  Wood,  'Discoveries  in  Ancient 
Ephesus'  (1877). 

EPHESUS,  Council  of,  the  third  pcneral 
council  of  the  Roman  Catholic  Church,  held  at 
Ephesus  in  June  431,  principally  to  oppose  the 
heresy  of  Nestorius,  patriarch  of  Constantinople 
It  was  convoked  by  the  Emperor  Thcodosius  II 
at  the  instance  of  Pope  Crlestine  I  and  many 
Catholic  bishops.  Cyril,  bishop  of  Alexandria, 
presided  on  behalf  of  Pope  Celestine  I.  The 
number  of  bishops  in  the  Council  was  about  200. 
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.Vestorius,  adopting  the  teaching  of  Theodoras 
of  Mopsuctia,  denied  the  Church's  doctrine  of 
the  incarnation,  and  held  that  instead  of  the 
Word  being  made  man,  he  (the  Word)  simply 
had  his  special  abode  in  the  man  Jesus  Christ; 
and  that  hence  Mary  the  Virgin  was  not  tooT^o 
God-bearing,  mother  of  Goo,  but  only  jpiuror*. 
*nf.   mother  of  the  Christ.   The  Council  de- 
clared that  Mary  is  0or4«of,  Deipara,  and  that 
Jesus  Christ  is  God  and  man.    (See  Commuxi- 
catio).    Nestorius  was  deposed  and  excom- 
municated.   It  was  not.  however,  until  some 
years  afterward  that  his  supporters  acquiesced 
in  this  finding.    Nestorius  himself  was  ordered 
by  the  emperor  to  retire  to  his  monastery  near 
Antioch.    Another  Council  was  held  at  Ephesus 
—  the  "robber    synod,"    as   it    is   called  —  in 
August  449  convoked  by  the  same  emperor  to 
deal  with  questions  of  faith  connected  with  the 
teachings  of  Theodoras  and  Nestorius.  The 
presiding  bishop,  Dioscurus  of  Alexandria,  back- 
ed by  a  rabble  of  monks,  soldiers  and  servants 
overawed  the  135  bishops,  compelling  them  to 
sign  blank  papers  on  which  he  wrote  what  de- 
crees he  pleased.    Consult  Bright,  W.,  'The 
Canons  of  the  First  Four  General  Councils, 
etc.*  (Oxford  1892)  ;  Christal,  J..  'Authorita- 
tive Christianity*  (Jersey  City,  1901);  DuBose, 
W.  P.,  'The  Ecumenical  Councils'   (in  'Ten 
Epochs  of  Church  History.'  Vol.  III.  New 
York  1896) ;  Ficker,  G.,  'Eutherius  von  Tyana, 
etc.'  (Leipzig  1908);  Hammond,  W.  A.,  'The 
Definitions  of  Faith,  and  Canons  of  Discipline 
of  the  Six  Ecumenical  Councils*  (New  York 
1844);  Hefelc,  K.  J.  von,  <A  History  of  the 
Councils  of  the  Church'  (Vol.  III.  translated 
by  C.  W.  Buch,  Edinburgh  1883) ;  Nau,  F.  and 
others,     translators,     'Nestorius.    Le  Livre 
d'Heraclide  de  Damas'  (Paris  1910);  Percival, 
H.  R.,  'The  Seven  Ecumenical  Councils  of  the 
Undivided  Church,  etc.*  (in  'A  Select  Library 
of  Nicene  and  Post-Niccne  Fathers,'  2d  Series, 
Vol.  XIV,  New  York  1900)  ;  Perry,  S.  G.  F, 
ed.,   'The  Second  Synod    of    Ephesus.  etc.* 
(Dartford  1881)  ;  Rivington,  L..  'The  Council 
of  Ephesus  and  Anglican  Writers'  (in  Dub'in 
Review,  Vols.  CX-CXI,  London  1892);  'Papal 
Supremacy  at  the  Council  of  Ephesus'  (Ibid., 
Vol.  CXVI,  London  1895). 

EPHIALTES.  (1)  The  Malian  who  con- 
ducted the  Persians  over  a  mountain  path  and 
enabled  them  to  surprise  Leonidas  and  his 
Spartans  at  Thermopylae  with  a  rear  attack 
(2)  The  son  of  Poseidon  and  Iphimedia. 

EPHOD,  commonly  believed  to  have  been 
a  species  of  vestment  woven  of  gold,  blue,  pur- 
ple, scarlet,  and  fine  twined  linen,  worn  by  the 
Jewish  high-priest.  According  to  Exodus 
xxviii,  6  ff.  and  xxxix,  2  ff.  it  consisted  of 
two  main  pieces,  one  covering  the  back,  the 
other  the  breast  and  upper  part  of  the  body, 
fastened  together  on  the  shoulders  by  shoulder 
straps.  On  each  shoulder  was  an  onyx  stone 
set  in  gold,  on  which  were  engraved  the  names 
of  six  tribes  according  to  their  order.  A  g:rdle 
or  band,  of  one  piece  with  the  ephod,  fastened  it 
to  the  body.  Just  above  the  girdle,  in  the  mid- 
dle of  the  ephod,  and  joined  to  it  by  little  gold 
chains,  rested  the  square  breastplate  or  pouch 
with  the  Urim  and  Thummim.  The  ephod 
was  originally  intended  to  be  worn  by  the  h  gh- 
priest  exclusively,  but  a  similar  vestment  made 
of  linen  was  worn  in  later  times  by  priests  of 
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lower  rank  In  more  recent  times  considerable 
discussion  has  been  carried  on  in  regard  to  the 
true  nature  and  appearance  of  the  ephod.  Some 
investigators  claim  that  it  was  a  shrine,  some 
that  it  was  just  a  pouch  somewhat  on  the  order 
of  a  loin  cloth,  and  still  others  that  it  was  an 
instrument  of  divination.  However,  inasmuch 
as  all  the  evidence  on  which  these  investigations 
arc  based  is  more  or  less  circumstantial  and 
indefinite  the  question  is  still  unanswered  and 
is  likely  to  remain  so.  Consult  Elhorst,  H.  J., 
'Das  Ephod'  (in  Zeitschrift  fur  die  alt-tcsta- 
mentiiche  Wissenschaft,  Vol.  XXX,  p.  259, 
Giessen  1910);  Foote,  T.  C,  'The  P-phcd' 
(in  Journal  of  Biblical  Literature,  Vol.  XXI, 
p.  1,  Boston  1902)  ;  Macklenburg,  A.,  'fJbcr  den 
Ephod  in  Israel'  (in  Zeitschrift  fur  H'issent- 
schaftliche  Theologie,  Vol.  XLIX.  n.  F.  Vol. 
XIV,  p.  433,  Leipzig  1906). 

EPHORS.  if  ors,  or  EPHOROI,  magis- 
trates common  to  many  ancient  Greek  com- 
munities.  The  most  celebrated  were  the 
Ephoroi  of  Sparta.  The  origin  of  the  office  is 
uncertain  and  it  is  very  doubtful  that  they  were 
instituted  by  Lycurgus.  They  were  five  in  num- 
ber, and  in  historical  times  were  elected  by  the 
people  annually,  their  authority  being  designed 
as  a  counterpoise  to  that  of  the  king  and  coun- 
cil They  superintended  the  morals  and  domes- 
tic economy  of  the  community;  scrutinized  the 
conduct  of  all  officials,  and  even  summoned  the 
kings  before  their  tribunal.  The  judicial  au- 
thority and  executive  power  eventually  fell 
almost  entirely  into  their  hands;  they  became 
autocratic,  opposed  the  extension  of  popular 

Privileges,  and  arousing  the  antagonism  of  the 
ings  and  people,  were  suppressed  by  Cleomenes 
III,  the  latter  murdering  the  Ephors  225  B.C. 
After  his  fall  in  221  B.C.  the  office  was  revived, 
but  never  regained  its  influence.  There  is  a 
very  extensive  literature  on  the  subject,  almost 
entirely  in  German.  Besides  articles  in  the  vari- 
ous 'Histories  of  Greece*  (q.v),  there  is  a  very 
exhaustive,  but  rather  technical  article  by 
Szanto  in  Pauly-Wissowa  'Rcal-Encyklopadie 
der  Klassischen  Alertumswissenschaft'  (Vol. 
V,  Stuttgart  1907).  Consult  Dum,  G.,  'Die 
Entstehung  und  Entwickelung  des  Spartan- 
ischen  Ephorats'  (Innsbruck  1878)  ;  Kuchtner, 
K.,  'Entstehung  und  Urspriingliche  Bedeutung 
des  Spartanischen  Ephorates'  (Munich  1897)  ; 
Stein,  H.  K.,  'Das  Spartanische  Ephorat  bis 
auf  Cheilon'  (Padcrborn  1870)  ;  Stern,  E  von. 
'Zur  Entstehung  and  Urspriinglischen  Bedcu- 
tung  des  Ephorats  in  Sparta*  (Berlin  1894). 

EPHORUS,  Greek  historian,  flourishing  in 
the  4th  century  "-C,  from  alwut  400  to  330  B.C. ; 
was  born  at  Cyme,  in  AeMis,  Asia  Minor.  Little 
is  known  concerning  his  life,  but  it  is  related 
that  he  studied  under  Isocrates  and  that  the 
latter,  after  training  him  in  rhetoric,  persuaded 
him  to  abandon  oratory  for  history,  and  that 
it  was  upon  his  suggestion  that  he  prepared  his 
universal  history.  This  work  larnfitai,  in  30 
volumes,  was  the  first  history  ever  written 
in  Greece  and  was  remarkable  for  its  wealth 
of  material  and  also  for  the  fact  that  each  book, 
containing  a  compact  portion  of  the  history 
with  an  introduction,  was  complete  in  itself. 
The  history  deals  with  the  Greeks  (outside  of 
the  mythical  age)  from  the  return  of  the  Hcra- 
cleicUe  to  the  siege  of  Perinthus  (340  b.c),  cov- 
ering a  period  of  over  700  years.    His  style  of 
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writing  was  loose  and  feeble,  well  meriting  the 
alleged  remark  of  Isocrates,  that  he  needed  the 
spur,  as  Theopompus  the  bit.  The  history  was 
used  and  praised,  however,  by  Polybius,  Dio- 
dorus  and  Strabo.  The  main  portions  of  the 
manuscripts  have  perished,  only  a  few  frag- 
ments remaining,  which  were  published  in 
'Fragmenta  Historicorum  Graecorum'  (C 
Muller,  ed.,  Vol.  I,  p.  234-277,  Vol.  IV,  p.  641, 
Paris  1841).  An  older  collection,  'Ephori 
Cumsei  Fragmenta,'  (Karlsruhe  1815)  was 
edited  by  M.  Marx.  Consult  Bury,  J.  B.,  'The 
Ancient  Greek  Historians'  (New  York  1909); 
Schwartz,  E.,  'Ephorus'  (in  Pauly-Wissowa 
'Real  Encyklopadie  der  Klassischen  Altertums- 
wissenschaf t, »  Vol.  VI,  p.  1,  Stuttgart  1907); 
id.,  'Die  Zeit  des  Ephoros'  (in  Hermes,  VoL 
XLIV,  p.  481.  Berlin  1909). 

EPHRAEM  SYRUS,  e'fra-cm  sfriis, 
SAINT  EPHREM,  or  EPHRAM  (the 
Syrian),  Syrian  theologian:  b.  Nisibis,  Mesopo- 
tamia, about  306;  d.  Edessa,  Mesopotamia,  373. 
He  lived  in  Nisibis  till  363  and  played  an  im- 
portant part  in  defending  his  native  city  against 
the  various  sieges  to  which  the  Persians  sub- 
mitted it.  When  the  Emperor  Jovian  gave  up 
the  town  to  the  Persians  in  363,  he,  together 
with  its  other  Christian  inhabitants,  left.  He 
finally  settled  in  Edessa  where  he  continued  to 
reside  till  he  died,  except  for  intervals  which  he 
spent  in  prayer  and  meditation  in  the  desert 
and  except  for  a  journey  to  Egypt  and  a  visit 
to  Saint  Basil,  Archbishop  of  Caesarea  in  Cap- 
padocia.  He  held  humble  rank  in  the  hierarchy, 
that  of  deacon,  but  as  a  preacher  attained  h:gh 
celebrity.  He  refused  to  be  ordained  a  priest 
because  he  thought  himself  unworthy.  His 
writings  were  very  numerous,  and  many  are  ex- 
tant. He  used  a  poetic  form  in  his  homilies 
and  harangues ;  and  Saint  Jerome  tells  us  that 
his  homilies  (translated  into  Greek,  for  he 
wrote  in  Syriac)  were  wont  to  be  read  in  many 
of  the  churches  of  Greece  immediately  after  the 
Scripture  lesson.  He  was  a  valiant  defender  of 
Catholic  orthodoxy  against  the  heretics  of  his 
time  —  Bardesanes,  the  Gnostic,  the  Arians,  and 
the  Sabcllians,  the  Manicharans  and  the  Nova- 
tians.  Some  of  his  lyrics  are  remarkable  for 
their  simplicity  and  genuine  poetic  spirit.  Even 
his  homilies  are  of  a  poetic  cast  and  form.  His 
works  have  been  collected  and  translated  into 
Latin,  Greek,  German  and  English.  There  are 
also  Armenian,  Arabic,  Coptic  and  Ethiopic 
versions  of  the  original  Syriac.  The  most  im- 
portant translations  and  collections,  many  of 
which  are  preceded  by  accounts  of  his  life,  are: 
'Omnia  Opera  S.  Ephratmi  Syri'  (G.  Vossius, 
ed.,  3  vols.,  Rome  1589-98)  ;  'Greek  Text  of  156 
Writings  of  Saint  Ephrem'  (E.  Thwaits,  ed. 
Oxford  1709);  <S.  P.  M.  Ephnem  Syri  Opera 
Omnia  Qu:e  Extan  Grace,  Syriace,  ct  Latinc' 
(J.  S.  Assemanus  and  S.  E.  Asscmanus.  ed.,  6 
vols..  Rome  1732-^6)  ;  'Ausgewahltc  Srhriften 
des  Heiligen  Kirchenvaters  F.phram'  (F.  Zin- 
gerle,  ed.,  6  vols.,  Innsbruck  1831-46)  ;  'Saint 
Ephrem's  Commentaries  on  the  Epistles  of 
Saint  Paul'  (Latin  text,  Auchcr,  ed.,  4  vols., 
Venice  1836);  'Select  Works  of  Saint  Ephrem 
the  Syrian'  (J.  B.  Morris,  trans!.,  Oxford 
1847);  'Repentance  of  Nineveh'  (H.  Burgess, 
transl.,  London  1853)  :  'Select  Metrical  Hymns 
and  Homilies,  etc.,'  (H.  Burgess,  transl.,  Lon- 
don 1853);  'S.  Ephnemi  Syri,  Rabuhc  Epis- 
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copi  Edcsscni,  Bataei,  Aliorumque  Opera  Se- 
lecta'  (Syriac  text,  J.  J.  Overbcek,  ed,  Oxford, 
1865);  'S.  Ephrami  Syri  Carmina  Nisibena, 
etc'  (Syriac  and  Latin  texts,  G.  Bickcll,  cd., 
Leipzig  1866)  ;  'Commentaries  on  the  Concord- 
ance of  the  Gospels'  (Latin  text,  Mocsinger, 
ed.,  Venice  1878)  ;  'S.  Ephraem  Syri  Hymni  et 
Sermones*  (Syriac  and  Latin  texts,  T.  J.  Lamy, 
cd,  Malincs  1882);  <S.  Ephnrm  Syri  Com- 
mcntarii  in  Epistolas  D.  Fauli,  etc'  (Venice 
1893)  ;  'Fragments  of  the  Commentary  of 
Ephrem  Syrus  Upon  the  Diatessaron '  (J.  R. 
Harris,  ed.,  London  1895)  ;  'Selections  Trans- 
lated into  English  from  the  Hymns  and  Homi- 
lies of  Ephraim  the  Syrian'  (J.  Gwynn,  ed.  and 
transl.,  in  'A  Select  Library  of  Niccnc  and 
Post-Nicene  Fathers,'  2d  scr.,  Vol.  XIII,  pt.  2, 
p.  112,  New  York  1898).  Consult  Alsleben, 
'Das  Leben  des  H.  Ephrem'  (Berlin  1853); 
Ferry.  S.,  'Saint  Ephrem,  Poetc'  (Paris  1877)  ; 
Lamy,  T.  J.,  'Saint  Ephrem  Syrus*  (in  Dublin 
Review,  3d  ser.,  Vol.  XIV,  p.  20,  London  1885). 

EPHRAIM,  e'fra-im,  according  to  Gen. 
xli,  50-52,  the  younger  son  of  Joseph  and  of 
Ascnath  and  the  founder  of  one  of  the  12  tribes 
of  Israel.  The  tribe  occupied  one  of  (he  finest 
and  most  fruitful  territories  of  Palestine;  in 
the  very  centre  of  the  land,  and  included  the 
most  of  what  was  afterward  called  Samaria. 
Its  approximate  boundaries  were :  on  the  east 
the  river  Jordan,  on  the  west  the  Mediterranean 
Sea  and  the  tribe  of  Dan,  on  the  south  the  tribe 
of  Benjamin,  and  on  the  north  that  of  Manas- 
sch.  The  Ephraimites,  when  they  left  Egypt, 
are  said  to  have  numbered  40,500,  and,  being 
numerous  and  influential,  often  appear  as  the 
representatives  of  the  10  tribes,  both  in  histor- 
ical and  prophetical  passages  of  the  scriptures. 
For  a  long  time  the  ark  and  the  tabernacle  were 
situated  at  Shiloh  in  the  heart  of  Ephraim.  The 
tribe  was  the  most  warlike  of  all  the  Israelites 
as  attested  by  their  protests  against  Gideon 
(Judges  viii,  1)  and  against  Jcphthah  (Judges 
xii,  1-7)  because  they  did  not  ask  their  aid  in 
war.  Joshua,  who  conquered  the  Holy  Land, 
and  Samuel,  the  prophet,  were  members  of  the 
tribe.  Lpon  the  death  of  Saul,  the  Ephraimites, 
in  conjunction  with  all  the  other  tribes  except 
Judah,  took  part  in  the  revolt  of  Saul's  son 
Eshbaal  (Ishbosheth),  and  recognized  him  as 
legitimate  king  in  opposition  to  David  (2  Sam. 
ii,  8-9),  but  unon  his  murder,  submitted  to  the 
hegemony  of  Judah  tinder  David  Later,  about 
975  B.C.,  after  the  death  of  Solomon,  the  tribe 
revolted  under  Jeroboam  against  Rehoboam,  the 
son  of  Solomon  (1  Kings  xii,  1-20),  and  with 
all  the  tribes  except  Judah,  Simeon,  part  of 
Benjamin,  and  the  Lcvitcs,  merged  into  the 
northern  kingdom  of  which  they  constituted  the 
most  important  part.  There  are,  of  course,  nu- 
merous references  to  Ephraim  in  many  parts  of 
the  Old  Testament.  A  list  of  these  may  be 
found  in  the  article  by  H.  W.  Hogg  in  Vol  II 
of  Encyclopedia  Hiblica  (London  1901).  Con- 
sult also  Ereli^h  Commentaries  on  Bible,  Old 
Testament,  Exodus. 

EPHRAIM,  town  of  Palestine,  mentioned 
in  John  xi,  54,  as  a  place  where  Jesus  took 
temporary  refuge.  A  town  of  this  name  is 
mentioned  twice  in  the  Old  Testament  and  by 
Joscphus,  and  is  probably  the  same  place. 
Nothing  is  known  of  its  history.  Modern  at- 
tempts to  identify  it  with  Et-Taiyibch,  four 


mites  northeast  of  Beitin,  the  ancient  Bethel,  do 
not  rest  on  any  secure  foundation  beyond  the 
fact  that  it  best  corresponds  to  the  New  Tes- 
tament description  as  "near  the  wilderness." 
EPHRAIM  CODEX.    See  Bible. 

EPHRATA,  Pa.,  township  and  borough  in 
Lancaster  County;  on  the  Philadelphia  and 
Reading  Railroad,  about  50  miles  northwest  of 
Philadelphia.  It  is  an  agricultural  and  mining 
region  with  forests  nearby.  It  is  a  health  re- 
sort and  has  manufactories  of  cigars,  silk, 
underwear  and  hosiery-  The  borough  owns  its 
waterworks  and  electric-light  plant.  Ephrata 
was  founded  by  Johann  Conrad  Bcissel  (q.v.) 
and  his  followers  in  1735.  The  community  es- 
tablished by  Beissel  was  called  "Order  of  the 
Solitary,*  and  it  resembled  somewhat  the 
Seventh-Day  Adventists.  Ephrata  contains 
several  very  ancient  and  singular  buildings, 

Earticularly  the  brother  and  sister  house.  These 
ouses  arc  large  four-story  structures,  each  con- 
tains a  chapel,  and  is  divided  into  small  apart- 
ments, so  that  six  dormitories,  barely  large 
enotigh  to  contain  a  cot,  a  closet,  and  hour  glass, 
surround  a  common  room,  in  which  each  mess 
have  their  meals.  The  dress  of  the  brethren 
and  sisters  was  that  of  the  Franciscans  or  White 
Friars.  They  were  remarkable  for  their  rigid 
adherence  to  the  precepts  and  ordinances  of 
the  New  Testament ;  they  insisted  upon  the 
washing  of  the  feet  before  administering  the 
sacrament;  and  were  very  observant  of  the 
Sabbath.  They  were  peaceful  and  temperate 
and  distinguished  for  their  music,  which  was 
composed  and  arranged  by  themselves.  Prior 
to  the  Revolution  they  seemed  to  flourish,  but 
now  only  a  few  of  the  order  remain.  Many  of 
the  members  were  well  educated ;  Peter  Miller, 
second  prior  of  the  monastery,  translated  the 
Declaration  of  Independence  into  seven  lan- 
guages, at  the  request  of  Congress.  A  printing 
press  was  set  up.  and  a  number  of  works,  in 
both  English  and  German,  some  of  them  very 
beautifully  made  and  now  highly  prized,  were 
published.  Pop.  of  townships,  2,565 ;  bor- 
ough, 3,192.  Consult  Gibbons,  'Pennsylvania 
Dutch  and  Other  Essays'  (1872)  :  Kuhns.  'Ger- 
man and  Swiss  Settlements  of  Colonial  Pennsyl- 
vania* ;  Sachse,  'The  German  Sectarians  of 
Pennsylvania'  (2  vols.,  1900). 

EPHYDRA,  a  genus  of  flies,  of  the  Ephy- 
drida?,  the  eggs  and  larva?  of  which  were  con- 
sidered a  dainty  by  the  aborigines  of  America. 
See  Fi.y. 

EPIBLAST,  one  of  the  layers  in  the  de- 
veloping embryo  from  which  the  structures 
making  up  the  skin  and  its  appendages  are  de- 
veloped; also  called  ectoderm.  See  Em- 
bryology. 

EPIC.    See  Narrative  Poetry. 
EPICARDIUM.    See  Heart. 

EPICHARMUS,  Greek  philosopher  and 
comic  poet:  b.  Cos,  about  540  B.C.;  d.  450  B.C. 
He  lived  at  Syracuse,  and  there  wrote  his  cele- 
brated comedies,  now  lost.  Their  number  is 
reckoned  at  52,  and  the  titles  of  35  of  them 
have  been  preserved.  Very  little  is  known  def- 
initely about  his  life.  But  it  is  said  that,  be- 
fore commencing  his  career  as  a  comic  poet, 
which  apparently  he  did  somewhat  late  in  life, 
he  lived  at  Me'gara,  engaged  in  the  study  of 
philosophy,  both  physical  and  metaphysical.  The 
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fragments  of  his  writings  which  are  preserved 
abound  with  philosophical  maxims,  and  with 
speculative  discourses.  His  genius  was  highly 
esteemed  among  the  ancients  by  such  judges  as 
Plato  and  Cicero.  The  Sicilian  comedy  of  Epi- 
charmus,  prior  to  the  Attic,  grew  out  of  the 
mimes,  which  were  peculiar  to  this  island,  mak- 
ing a  sort  of  popular  poetry.  He  arranged  the 
separate  unconnected  scenes,  exhibited  in  the 
mimes,  into  continued  plots,  as  in  tragedy.  His 
comedies  were  long  regarded  as  models  in  this 
species  of  composition,  and  were  as  much  dis- 
tinguished by  their  knowledge  of  human  nature 
as  by  their  wit  and  lively  dialogue.  The  Sicil- 
ian comedy,  in  opposition  to  the  Attic-Ionic,  is 
also  designated  as  the  Doric  comedy  and  is 
written  without  chorus.  As  their  subject  mat- 
ter Epicharmus  chose  mythological  incidents 
which  he  travestied  or  characters  from  every- 
day life.  He  wrote  in  trochaic  and  anapaestic 
tetrameter.  The  best  and  most  recent  collec- 
tion of  his  fragments  is  contained  in  <Poetarum 
Grarconim  Fragmcnta'  (G.  Kaibel,  ed.,  Vol. 
VI,  Berl:n  1899).  Consult  Koerte.  A.,  <Die 
Griechische  Komodie*  (Leipzig  1914). 

EPICCENE,  or  THE  SILENT  WOMAN, 
a  comedy  by  Ben  Jonson,  produced  in  1609.  An 
old  man,  named  Morose,  disliking  noise  marries 
Epicoene  because  of  her  good  reputation  as  a 
good  listener  and  also  with  the  aim  of  disin- 
heriting a  nephew.  Immediately  after  marriage 
Epicoene  displays  an  exceedingly  shrewish  dis- 
position. Morose,  in  order  to  be  rid  of  her, 
secures  the  services  of  his  nephew  by  gifts  and 
promises  of  reward.  The  nephew  then  discloses 
Epicoene  as  a  boy  in  disguise,  who  had  been  in- 
duced to  play  this  trick  upon  Morose. 

EPICONTINENTAL  SEAS,  those  shal- 
low seas  which  cover  the  continental  shelf 
(q.v.)  and  which  from  time  to  time  have  cov- 
ered most  parts  of  this  and  other  continents  in 
the  geologic  past.  The  term  is  in  contrast  to 
the  deep  seas  which  have  been  more  persistent 
in  their  history. 

EPICTETUS,  Stoic  philosopher :  b.  Hiera- 
polis,  Phrygia,  about  60  a.d.  He  lived  at  Rome, 
where  he  was  the  slave  of  Epaphroditus,  a 
brutal  freedman  of  Nero,  whose  abuse  and  mal- 
treatment he  bore  with  fortitude.  He  was  later 
manumitted.  Epictetus  himself  did  not  leave 
any  written  account  of  his  doctrines,  which 
appear  to  have  been  of  the  most  elevated  kind. 
In  his  discourses  he  aimed  to  impress  his  hearers 
with  the  love  of  practical  goodness.  The  foun- 
dation of  philosophy  he  held  to  be  the  percep- 
tion of  one's  own  weakness  and  inability  to  do 
what  is  needful.  His  doctrines  approach  more 
nearly  to  Christianity  than  those  of  any  of  the 
earl:er  Stoics,  and  although  there  is  no  trace  in 
what  is  recorded  of  fhcm  of  his  having  been 
directlv  acquainted  with  Christianity,  it  is  at 
least  probable  that  the  ideas  diffused  by  Chris- 
tian teachers  may  have  indirectly  influenced 
them.  The  excellence  of  his  system  was  uni- 
versally acknowledged.  Banished  from  Rome 
by  Domitian  who  hated  him  on  account  of  his 
principles,  Epictetus  settled  in  Epirus,  and  al- 
though he  possessed  the  favor  of  Hadrian,  thTe 
is  no  evidence  that  he  returned  to  Rome.  His 
pupil  Arrian,  the  historian  of  Alexander  the 
Great,  collected  his  maxims  with  affectionate 
care,  in  the  work  entitled  <  Enchiridion' 
(♦Handbook')  and  in  eight  books  of  <Commen- 

VOL.  10—27 


taries,'  four  of  which  are  lost.  These  reveal 
the  simple  and  noble  earnestness  of  the  philos- 
opher's character,  as  well  as  that  real  heart- 
felt love  of  good  and  hatred  of  evil  which  is 
often  assumed  to  be  an  exclusively  Christian 
feeling.  (See  Discourses).  Consult  the  com- 
plete edition  of  his  works  by  Schenkl  (Leipzig 
1898),  and  the  translation  by  Carter  (London 
1758),  Higginson  (2  vols.,  Boston  1890)  and 
Long  (London  1897).  Consult  also  Arnold, 
•Roman  Stoicism*  (Cambridge  1911);  Mclchcr, 
<De  Sermone  Epictctes>  (Halle  1906);  Rittcr 
and  Preller,  <Historia  Philosophic  Graecae' 
(9th  ed.,  Gotha  1913). 

EPICUREANISM.  Epicureanism  as  a 
philosophical  doctrine  has  its  rise  in  the  teach- 
ings of  its  founder  Epicurus,  who  was  borne  in 
Samos  in  the  year  342  or  341  b.c.  He  was  the 
son  of  Neocles  and  Chxrestrata.  His  father's 
name  being  the  same  as  that  of  the  great  states- 
man Thcmistocles,  suggested  to  *  the  poet 
Mcnander  a  verse  in  which  he  contrasts  the  son 
of  Neocles,  who  freed  his  country  from  slavery, 
with  him  who  freed  it  from  foolishness.  In 
his  early  life,  Epicurus  taught  in  several  schools 
in  Asia  Minor  and  in  the  year  306  came  to 
Athens,  where  he  founded  a  school  of  his  own. 
By  the  subtle  charm  of  his  personality  he  at- 
tracted to  himself  a  group  of  admiring  friends 
and  followers  who  were  not  only  devoted  to 
the  teacher  but  were  also  Bred  with  enthusiastic 
zeal  for  his  teaching.  They  were  his  com- 
panions and  friends  rather  than  his  pupils. 
Their  meeting  place  was  the  famous  garden  of 
the  master  which  has  become  so  closely  asso- 
ciated with  the  very  name  of  the  school.  After 
the  death  of  Epicurus  in  270  his  followers  car- 
ried on  his  work  and  maintained  the  teachings 
and  traditions  of  their  leader  with  unabated 
earnestness  and  loyalty.  Among  the  successors 
of  Epicurus,  the  most  conspicuous  perhaps  are 
Hcrmarchus,  Dionysius,  Apollodorus,  Zeno  and 
Phardrus.  But  no  one  of  his  followers  achieved 
marked  distinction  until  we  come  to  the  time 
of  T.  Lucretius  Carus,  the  interpreter  and  chief 
apostle  of  Epicureanism.  Though  a  Roman,  he 
had  caught  that  Greek  spirit  which  had  been  so 
brilliantly  illustrated  in  the  garden  of  Athens. 

Epicureanism  as  a  distinct  school  flourished 
with  varying  fortunes  until  a  period  as  late  as 
the  4th  century  a.d.  With  the  decay  and  dis- 
appearance of  the  school,  its  influences  how- 
ever did  not  cease,  but  lived  on,  and  will  live; 
for  Epicureanism  represents  an  attitude  of  mind 
which  will  ever  appeal  most  strongly  to  certain 
natures,  and  in  a  way  to  all  natures.  It  is  not 
in  a  strict  sense  of  the  phrase,  a  system  of 
philosophy.  It  is  rather  a  theorv  of  life.  It  is 
essentially  practical  in  its  purposes,  methods  and 
results.  So  far,  however,  as  Epicureanism-  may 
be  called  a  system  of  philosophy,  it  falls  into 
three  parts  — a  system  of  canonics,  of  nature 
and  of  morality.  By  canonics  is  meant  a  system 
which  exhibits  certain  canons  or  tests  of  truth. 
With  Epicurus  the  supreme  test  of  truth  was 
to  be  found  in  the  sensations.  It  is  the  same 
thought  as  that  which  is  contained  in  the  old 
adage  — seeing  is  believing.  He  held  that  only 
the  actual  facts  of  a  sensory  experience  can 
furnish  a  scientific  basis  upon  which  to  con- 
struct a  bodv  of  knowledge.  The  notions  are 
to  be  regarded  merely  as  generalized  sensation^ 
and  all  opinions  arc  inferences  which  at  the 
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last  analysis  must  rest  upon  simple  sensations. 
The  sensation  as  such,  therefore,  is  the  court 
of  last  appeal.  Concerning  his  philosophy  of 
nature,  Epicurus  taught  that  there  were  only 
natural  causes.  Any  belief  in  supernaturalism 
he  regarded  as  a  superstition  which  only  a  weak 
intellect  could  possibly  entertain.  As  regards 
the  constitution  of  matter,  lie  followed  Dcmoc- 
ritus  in  the  essential  features  of  his  atomic 
theory  of  the  universe.  He  did  not  follow, 
however,  with  complete  rigor  the  logic  of  his 
materialistic  conceptions,  for  he  allowed  that 
there  must  be  a  distinction  between  the  irra- 
tional, or  more  sensory  part  of  the  soul  on  the 
one  hand,  and  on  the  other,  the  rational  part 
which  he  regarded  as  the  superior  and  con- 
trolling power  of  man's  nature.  Moreover, 
while  denying  the  existence  of  the  gods,  as  gods 
of  providence  sustaining  the  forces  of  nature, 
and  ruling  the  destinies  of  man,  he  nevertheless 
believed  in  their  existence  as  beings  apart  and 
wholly  separate  from  mundane  affairs.  From 
the  standpoint  of  his  ethical  system,  the  gods 
were  of  very  necessity  beings  supremely  happy, 
and  such  they  could  not  be,  were  they  supposed 
to  be  in  any  way  cognizant  of  the  darker  side  of 
nature  and  the  manifold  ills  of  human  life.  Ac- 
cording to  Epicurus  the  great  end  to  be  attained 
through  the  study  of  nature  was  to  disabuse  the 
mind  of  any  lurking  superstition  concerning 
the  possibility  of  the  supernatural. 

It  is,  however,  the  ethical  system  of  Epicurus 
which  is  the  heart  of  his  teaching,  and  it  is 
this  system  that  the  term  Epicureanism  usually 
suggests  to  one's  mind.  With  Epicurus  man's 
chief  end  is  the  attainment  of  pleasure, —  not  in 
the  sense,  however,  that  life  is  a  heedless  pur- 
suit of  pleasure  here,  there  and  everywhere. 
The  end  is  pleasure,  not  pleasures.  The  supreme 
pleasure,  the  constant  source  of  all  other  pleas- 
ures, is  the  tranquil  and  happy  mind.  In  plac- 
ing the  true  source  of  pleasure  within,  Epicurus 
here  differs  from  the  earlier  Cyrcnaic  who  re- 
garded man's  happiness  as  consisting  in  the  full 
round  of  delights,  the  sum  total  of  all  his  actual 
enjoyments.  Epicurus  taught  that  mere  bodily 
pleasures  were  not  an  end  in  themselves,  but 
only  as  they  minister  to  peace  of  mind.  Vio- 
lent excesses  disturb,  extreme  asceticism  tor- 
ments the  inner  spirit  of  man.  Therefore  be 
not  too  indulgent,  nor  too  rigorous  with  self. 
Study  to  attain  the  maximum  of  enjoyment 
with  the  minimum  of  distress.  Let  a  wise 
prudence  transmute  both  the  good  and  the 
evil  of  life  into  a  tranquillity  of  soul.  In  this 
conception  of  conduct,  virtue  is  never  an  end 
in  itself.  It  is  always  a  means  to  an  end.  The 
end  is  happiness  "and  so  far  as  a  life  of  virtue 
contributes  to  well-being,  so  far  only  is  it  to  be 
commended. 

We  find  in  Epicureanism  and  in  Stoicism 
alike,  the  common  endeavor  to  free  man  from 
the  dominion  of  circumstance,  and  to  establish 
an  inner  world  of  mind  wholly  independent  of 
the  outer  world  of  chance  events,  of  untoward 
influences,  of  hostile  forces  and  fleeting  delights. 
The  Stoic,  however,  urged  the  repression  of  all 
desire;  the  Epicurean,  on  the  other  hand,  urged 
its  wise  regulation.  As  Epicurus  himself  puts 
it,  "It  is  not  an  unbroken  succession  of  drinking 
feasts  and  of  revelry,  not  the  pleasures  of 
sexual  love,  nor  the  enjoyment  of  the  fish  and 
other  delicacies  of  a  splendid  table,  which  pro- 
duce a  pleasant  life,  it    is    sober  reasoning. 


searching  out  the  reasons  for  every  choice  and 
avoidance,  and  banishing  those  beliefs  through 
which  greatest  tumults  take  possession  of  the 
soul.  Of  all  this,  the  beginning  and  the  great- 
est good  is  prudence.  Wherefore  prudence  is 
a  more  precious  thing  even  than  philosophy: 
from  it  grow  all  the  other  virtues, —  for,  it 
teaches  that  we  cannot  lead  a  life  of  pleasure 
which  is  not  also  a  life  of  prudence,  honor  and 
justice,  nor  lead  a  life  of  prudence,  honor  and 
justice  which  is  not  also  a  life  of  pleasure.  For 
the  virtues  have  grown  into  one  with  a  pleasant 
life,  and  a  pleasant  life  is  inseparable  from 
them."  In  dealing  with  the  fear  of  death 
Epicurus  proved  that  the  dissolution  of  the  body 
involves  that  of  the  soul,  and  therefore  death  is 
nothing  to  us,  because  when  we  arc,  death  is 
not-  and  when  death  is,  we  arc  not. 
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EPICURUS,  cp-I-ku'rus,  Greek  philoso- 
pher :  b.  Samos  341  b.c.  ;  d.  Athens  270  b  c.  He 
went  to  Athens  323  bc,  where  he  is  said  to  have 
enjoyed  the  instructions  of  Xenocratcs,  then  at 
the  head  of  the  Academy,  but  this  he  himsci: 
does  not  admit.  Epicurus  generally  denied  his 
obligations  to  other  philosophers.  Although 
some  parts  of  his  system  are  evidently  borrowed 
from  his  predecessors,  he  claimed  to  bc  self- 
instructed,  and  treated  his  teachers  with  hos- 
tility and  contempt.  His  stay  at  Athens,  how- 
ever, was  brief ;  and  on  leaving  it  he  went  to 
Colophon,  where  his  father  was  engaged  in 
teaching,  and  began  himself  to  give  lessons  in 
grammar.  It  was  here,  according  to  some  ac- 
counts, that  his  attention  was  first  turned  to 
philosophy.  He  himself  says  he  began  his  philo- 
sophical studies  at  the  age  of  14,  but  they  may 
have  subsequently  taken  a  more  distinct  devel- 
opment. The  inability  of  the  grammarians  to 
explain  a  passage  about  Chaos  and  the  acci- 
dental possession  of  a  copy  of  the  works  of 
Democritus  are  variously  assigned  as  the  cause 
of  this  new  or  more  decided  direction  of  his 
mind.  From  Colophon  he  went  to  Mytilcne  and 
Lampsacus.  where  he  engaged  in  teaching  phi- 
losophy. He  returned  to  Athens  in  306  and  pur- 
chased a  garden  in  a  favorable  situation,  where  he 
established  a  philosophical  school.  Here  he  spent 
the  remainder  of  his  life  except  for  short  visits 
to  Asia  Minor.  His  mode  of  life  appears  to 
have  been  simple  and  temperate.  He  abstained, 
at  a  principle,  from  politics,  and  took  no  part 
in  public  affairs.  During  the  latter  part  of  his 
life  he  was  afflicted  with  severe  physical  suffer- 
ing which  was  borne  with  heroic  courage. 
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Epicurus  was  a  very  voluminous  writer.  He 
wrote  some  300  separate  treatises.  His  works, 
however,  arc  represented  as  full  of  repetitions 
and  quotations.  In  ancient  times  his  philosophy 
appears  to  have  been  more  popular  in  Greece 
than  in  Rome,  although  his  disciples  were 
numerous  in  both.  This  is  easily  comprehended, 
as  it  was  in  fact  a  system  engendered  by  the  de- 
cline of  public  virtue  in  Greece,  while  the  sever- 
est stoical  philosophy  was  better  adapted  to  the 
still  active  public  spirit  of  Rome.  Little  is  left 
of  his  numerous  writings.  Some  fragments  of 
a  'Treatise  on  Nature,'  which  is  known  to  have 
consisted  of  37  parts,  were  found  at  Hercula- 
neum  and  published  by  J.  C.  Orellius  (Leipzig 
1818).  All  other  fragments  have  been  pub- 
lished by  H.  Uscner  in  his  'Epicurca'  (Leipzig 
1887).  The  chief  account  of  his  philosophy  is 
contained  in  the  great  poem  of  Lucretius,  "Dc 
Rerum  Natural  one  of  the  masterpieces  of 
Roman  literature.  A  good  edition  of  the  latter 
is  that  by  \V.  A.  Merrill  (New  York  1907). 
There  is  also  a  translation  by  H.  A.  J. 
Munro  (London  1908).  Consult  'Epicurus  and 
His  Sayings'  (in  Quarterly  Review,  Vol. 
CLXXXV,  p.  68,  London  1897)  ;  'Epicurus  and 
Lucretius'  (in  Westminster  Reviezv,  n.  s.  Vol. 
LXI,  p.  299,  London  1882)  ;  Du  Rondel,  J.,  'La 
Vie  d'Epicure'  (La  Have  1686)  ;  Gassend,  P., 
'De  Vita  ct  Morihus  Epicuri'  (1647);  Girard, 
J.,  'Etudes  sur  la  Poesie  Grecque, '  etc.  (Paris 
1884)  ;  Gomperz,  T.,  'Greek  Thinkers'  (4  vols, 
London  1901-12)  ;  Guyau,  M.,  'La  Morale 
d'Epicure'  (Paris  1881);  Hicks,  R.  D.,  'Stoic 
and  Epicurean'  (New  York  1910)  ;  Kreibig,  J., 
'Epikur'  (Leipzig  1886)  ;  Reale  Accadcmia 
Ercolanesc  di  Archeologia,  '  Hcrculanensium 
Voluminum  Qua:  Supersunt*  (11  vols.,  Naples 
1793-1857);  Taylor,  A.  E.,  'Epicurus'  (New 
York  1911);  Wallace,  W.,  'Epicureanism' 
(London  1880). 

EPICYCLE,  in  ancient  astronomy,  a  small 
circle  supposed  to  move  round  the  circumfer- 
ence of  a  larger,  a  hypothetical  mode  of  repre- 
senting the  apparent  motion  of  the  planets, 
which  were  supposed  to  have  such  a  motion 
round  the  circumference  of  a  large  circle,  called 
the  deferent,  having  the  earth  in  its  centre.  See 
Astronomy. 

EPICYCLOID,  in  geometry,  is  a  curve 
generated  by  a  point  in  one  circle,  which  rolls 
on  the  convexity  of  the  circumference  of  an- 
other circle.  If  the  rolling  circle  is  inside  the 
fixed  circle  the  curve  generated  is  a  hypocycloid. 
The  common  cycloid  is  generated  by  a  point  in 
a  circle  that  rolls  along  a  right  line.  The  latter 
has  sometimes  been  assimilated  with  the  former 
by  considering  the  right  line  as  the  circumfer- 
ence of  a  circle  whose  diameter  is  infinite.  The 
invention  of  epicycloids  is  ascribed  to  Roemer, 
the  Danish  astronomer.    See  Geometry. 

EPICYCLOIDAL  WHEEL,  a  wheel  or 
ring  fixed  to  a  framework,  toothed  on  its  inner 
side  and  having  in  gear  with  it  another  toothed 
wheel  of  half  the  diameter  of  the  first,  fitted 
so  as  to  revolve  about  the  centre  of  the  latter. 
As  the  inner  wheel  revolves  a  point  on  its 
periphery  will  oscillate  in  a  straight  line.  It  is 
used  for  converting,  circular  into  alternate  mo- 
tion, or  alternate  into  circular. 

EPIDAMNUS.   Sec  Durazzo. 


EPIDAURUS,  epida'rus,  one  of  the  most 
important  towns  and  commercial  seaports  of 
ancient  Greece,  situated  in  Argolis,  on  the  east 
coast  of  the  Peloponnesus,  particularly  cele- 
brated for  its  magnificent  temple  of  ^sculapius, 
which  stood  on  an  eminence  eight  miles  west 
of  the  town.  An  inscription  over  the  entrance 
declared  it  to  be  open  only  to  pure  souls. 
Crowds  of  invalids  resorted  to  the  place  in 
hopes  of  obtaining  a  cure  from  the  beneficent 
divinity,  in  whose  honor  festivals  were  cele- 
brated yearly.  It  received  its  name  from  Epi- 
daurus,  a  son  of  Argus  and  Evadne.  Excava- 
tions made  by  the  Greek  Archaeological  Society 
have  brought  to  light  parts  of  Tholos ;  a  tem- 
ple, probably  that  of  /Esculapius,  81  feet  long 
by  43  feet  wide;  the  theatre,  which  is  the  most 
perfect  example  of  Greek  theatre  in  existence; 
stadia,  baths,  gymnasia  and  hospital.  Epidaurus 
is  now  called  Pidavro,  or  Edidairo,  and  is  the 
place  where  in  1821  the  first  Greek  Congress 
assembled.  The  modern  town  contains  about 
100  inhabitants.  Consult  Caton,  'Epidaurus' 
(1900);  Dichl,  'Excursions  in  Greece'  (1893); 
Dclfrassc  and  Lichat.  'Epidaure'  (1895); 
Gardner,  'New  Chapter  in  Greek  History' 
(1892). 

EPIDEMIC.   Sec  Epidemiology. 
EPIDEMIC  CEREBROSPINAL  MEN- 
INGITIS.  See  Meningitis. 

EPIDEMIOLOGY,  the  study  of  epidemics 
or  the  science  that  treats  of  those  diseases  that 
are  known  to  attack  a  number  of  persons  at 
the  same  time  or  in  close  succession.  The  es- 
sential feature  is  that  epidemic  diseases  belong 
to  a  group  of  infective  or  microparasitic  mala- 
dies which  have  the  common  property  of 
spreading  from  time  to  time  in  a  community.  It 
is  well  known  that  many  diseases  of  an  epidemic 
character  have  their  favorite  haunts.  In  such 
places  they  are  always  present  and  there  they 
arc  said  to  be  endemic.  It  is  only  when  they 
appear  in  large  numbers  of  people  in  their  fa- 
vorite habitats  that  they  assume  epidemic  pro- 
portions. Thus  there  is  little  distinction  between 
the  two  classes  of  disease,  since  the  same  dis- 
ease may  be  at  one  time  both  endemic  and  epi- 
demic. When  an  epidemic  disease,  for  instance, 
influenza,  spreads  the  entire  world  over,  the 
word  pandemic  is  applied.  The  essential  feature 
in  an  epidemic  disease  is  that  it  must  have  a 
definite  contagium.  The  contagia  may  be  either 
of  bacterial  or  protozoan  character.  Thus 
cholera,  dysentery,  the  plague  arc  caused,  as 
is  known,  by  bacteria  which,  being  carried  in  the 
ordinary  paths  of  commerce,  or  by  bodies  of  a 
moving  population,  are  spread  about  the  world. 
Occasionally  epidemic  disease  is  due  to  an  ani- 
mal parasite.  This  is  presumed  to  be  the  case 
in  yellow  fever,  and  is  known  to  be  true  of 
malaria.  In  malaria,  as  is  now  positively  demon- 
strated, the  agent  that  is  all-important  in  the 
spreading  of  the  disease  is  one  genus  of  mos- 
quito, Anopheles.  The  parasite  lives  normally 
in  the  human  bodv  and  is  conveyed  by  means 
of  the  blood  into  the  mosquito,  where  it  under- 
goes a  special  cycle  of  development,  until  it  is 
inoculated  into  another  human  being,  who  de- 
velons  the  disease. 

The  importation  of  epidemic  and  parasitic 
disease  from  Africa  and  Asia  is  now  urged  as 
a  reason  for  extreme  precaution  in  the  contact 
of  whites  with  alien  races.   The  importation  of 
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such  diseases  from  Africa  is  now  considered  to 
have  contributed  materially  to  the  downfall 
of  the  Roman  Empire.  The  negroes,  according 
to  recent  investigation,  arc  responsible  for  the 
introduction  into  the  Southern  States  of  ma- 
larial fever,  which  they  brought  in  their  blood 
from  Africa,  and  to  which,  themselves  immune, 
the  whites  fell  victims.  Similarly  the  American 
negroes,  according  to  a  discovery  made  by  Dr. 
Stiles  in  1902,  carry  in  their  intestines  the  virus 
of  hookworm  with  relatively  slight  discomfort; 
but  not  so  the  white  population ;  and  to  this 
cause  is  set  down  the  physical  inefficiency  and 
mental  inertia  which  afflict  so  many  of  the 
Southern  whites.  Cholera,  bubonic  plague, 
typhus  and  smallpox  have  all  had  their  origin 
in  Asia. 

Further,  it  may  be  said  that  the  essential 
features  for  the  development  of  epidemic  con- 
ditions are  (1)  A  virus;  (2)  a  susceptible  popu- 
lation; (3)  free  intercommunication  between 
the  sick  and  the  susceptible.  In  the  group  in 
which  the  animal  parasites  belong  there  must 
be  (1)  A  virus;  (2)  a  breeding-place  outs:de 
of  man;  (3)  a  means  of  transport  from  place 
to  place,  either  naturally  or  artificially;  (4)  a 
vehicle  for  the  diffusion  of  the  disease,  such  as 
the  mosquito,  for  instance,  or  a  contaminated 
water-supply,  or  a  person  suffering  from  the 
disease  who  travels  from  place  to  place  and  (5) 
a  susceptible  population.  It  is  well  known  that 
variation  in  the  susceptibility  of  populations  is 
a  very  important  element  in  the  consideration 
of  epidemics.  Thus  measles,  whooping-cough, 
diphtheria  and  similar  affections  ravaged  Ha- 
waiian (formerly  Sandwich)  Islands  with  a 
fierceness  and  mortality  unknown  to  modern 
times.  Seasonal  movements,  sectional  fluctua- 
tions, time  fluctuations  and  oscillations  arc  in- 
teresting features  in  the  study  of  epidemics.  By 
some  writers  the  word  epidemic  is  very  loosely 
used  to  indicate  certain  waves  of  mental  excita- 
tion which  have  caused  and  still  cause  mental 
storms  throughout  the  community,  as  the  danc- 
ing mania  and  similar  occurrences.  These  can- 
not be  spoken  of  as  epidemics  in  the  true  sense 
unless  one  wishes  to  use  the  broad  term  of 
"emotional  contagion."  Some  of  the  most  inter- 
esting epidemics  of  modern  years  have  been  the 
influenza  epidemic  of  1890,  which'travclcd  round 
the  world  in  from  three  to  four  years,  anj  the 
plague  epidemic  that  was  raging  from  1895  to 
1902,  slowly  traveling  over  the  habitable  globe. 
There  have  been  no  severe  extensive  epidemics 
in  the  United  States,  save  the  epidemic  of  in- 
fluenza, for  a  great  many  years,  and  in  civilized 
countries  at  the  present  time  the  chances  for  the 
spreading  of  more  severe  epidemics  arc  greatly 
lessened  by  the  application  of  the  laws  of 
modern  hygiene  as  well  as  by  procedures  arising 
from  the  newly  acquired  knowledge  concerning 
immunity.  The  time  does  not  seem  far  distant 
when  immunity  from  many  forms  of  infectious 
disease  may  be  conferred  by  proper  scrum 
therapy.  Consult  Creighton,  'The  History  of 
Epidemics  in  Great  Britain  from  664  A.n.  to  the 
Extinction  of  the  Plague'  (2  vols.,  Cambridge 
1891-94);  Hecker,  ( Epidemics  of  the  Middle 
Ages*  (trans,  bv  Babington.  2  vols.,  London 
1835)  ;  Hirsch,  'The  Geographical  Distribution 
of  Disease'  (1893);  Weichsclbaum,  'Epi- 
demiologic' (1900)  ;  and  'Epidemiology'  (in 
'Encyclopaedia  Medica,'  1900). 
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EPIDENDRUM,  a  large  genus  of  tropical 
American  orchids,  most  of  the  species  of  which 
are  epiphytic,  growing  on  trees.  There  are  up- 
ward of  500  species  in  South  America  alone. 
The  stems  develop  pseudo-bulbs,  the  leaves  are 
strap-shaped  and  leathery  and  the  flowers  are 
single  or  in  spikes,  panicles  or  racemes.  The 
flowers  of  some  species  are  very  handsome  and 
a  large  number  of  the  species  arc  in  cultivation. 
Two  of  the  finest  cultivated  species  are  the  Mex- 
ican plants  E.  nemorale  and  E.  vitellinum,  the 
former  with  rose-colored  and  the  latter  with 
c range-colored  flowers.  The  plants  are  much 
used  in  hybridization,  as  they  are  hardy  and 
rigorous,  and  arc  valuable  for  crossing  with  the 
less  hardy  species  of  other  genera,  the  result 
being  in  many  cases  long-stemmed  flowers  of 
fine  appearance. 

EPIDERMIS,  the  outer  layer  of  the  skin. 
Sec  Skin. 

EPIDIDYMIS,  an  organ  lying  beside  the 
testicle  and  transmitting  the  semen  to  the 
vas  deferens.   See  Testicle. 

EPIDIDYMITIS,  inflammation  of  the 
epididymis,  resulting  in  pain,  redness,  heat  and 
swelling  of  the  testicle,  with  general  constitu- 
tional malaise.  Treatment  consists  in  rest  in 
bed  and  soothing  applications. 

EPIDOTE,  a  common  mineral,  usually  yel- 
lowish-green in  color,  and  crystallizing  in  pris- 
matic forms  belonging  to  the  monoclinic  sys- 
tem. It  is  a  silicate  of  calcium,  iron  and  alumi- 
num, with  the  general  formula  HCa.(Al,  Fe)iSu 
On,  the  ratio  of  the  aluminum  to  the  iron  vary- 
ing, in  different  specimens,  from  6:1  to  3:2.  Its 
hardness  is  from  6  to  7  and  its  specific  gravity 
is  about  3.4.  Epidote  occurs  throughout  the 
world.  Fine  crystals  are  found  in  France,  the 
Tyrol,  Haddam,  Conn.,  Calumet,  Colo.,  and 
Alaska.  The  epidote  group  contains,  in  ad- 
dition to  epidote  proper,  the  minerals  picdmon- 
tite  and  allanite,  which  resemble  it  in  general 
nature  but  contain  manganese  and  cerium  re- 
spectively; and  also  the  calcium  epidote,  zoisite, 
which  crystallizes  in  the  orthorhombic  system. 

EPIG^EA,  cp-T-je'a.  See  Arbutus,  Trailing. 

EPIGASTRIUM,  the  upper  fore  part  of 
the  abdomen,  reaching  from  the  pit  of  the  stom- 
ach to  an  imaginary  line  above  the  umbilicus 
(navel)  supposed  to  be  drawn  from  the  one 
extremity  of  the  last  false  rib,  on  one  side,  to 
the  corresponding  point  on  the  other. 

EPIGENE,  a  term  applied  to  those  £eo- 
logical  agents  of  change  which  affect  chiefly 
the  superficial  portions  of  the  earth's  crust,  as 
the  atmosphere,  water,  plants  and  animals. 

EPIGENESIS,  cp-T-jen'S-sIs.  in  biology, 
the  development  of  the  animal  from  the  simple 
protoplasm  of  the  egg.  This  term  therefore 
expresses  the  theory  and  process  of  embryology 
as  now  understood,  and  is  opposed  to  the  pre- 
vailing theory,  previous  to  the  researches  of 
Harvey,  and  especially  of  Wolff  and  Von  Baer. 
which  was  then  known  as  the  emboitment  the- 
ory, an  account  of  which  is  given  under  Pre- 
formation.   See  also  Em  myology. 

In  physiology  the  supposed  production  in 
organized  beings  of  or  additional  formations  by 
means  of  new  vital  influences,  as  opposed  to  the 
idea  that  new  parts  are  simply  the  result  of  de- 
velopments or  changes  in  pre-existing  struc- 
tures. 
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EPIGENETIC.    See  Syncenettc. 

EPIGLOTTIS,  the  cartilage  at  the  root  of 
the  tongue  forming  a  valve  which  partly  closes 
the  aperture  of  the  larynx  (q.v.)  during  the 
process  of  swallowing.  When  respiration  takes 
place  the  epiglottis  is  vertical  but  falls  back  and 
covers  the  larynx  on  the  approach  of  food.  Any 
portion  of  food,  however  minute,  entering  the 
sensitive  larynx,  causes  distress  and  is  auto- 
matically ejected  by  a  spasm  of  coughing. 

EPIGONI,  a  name  given  in  Greek  legend  to 
the  sons  of  the  seven  Greek  chiefs  who  con- 
ducted the  expedition  against  Thebes  in  the 
war  between  Etcocles  and  Polynices.  The 
name  literally  means  descendants,  successors 
or  heirs,  and  the  second  expedition  in  command 
of  the  sons  to  avenge  the  first  disastrous  defeat 
was  thus  called  the  "war  of  the  epigoni.*  The 
name  is  also  applied  to  students  who  attempt  to 
develop  the  ideas  of  the  great  masters  of  a  pre- 
vious period. 

EPIGRAM.  The  Greek  noun  from  which 
the  word  epigram  comes  was  originally  used 
to  denote  a  prose  inscription  on  a  temple,  tomb, 
statue,  votive-offering  to  a  god  or  the  like. 
Conciseness  and  brevity  were,  therefore,  essen- 
tial qualities.  To  give  pleasure  to  the  ear  and 
help  the  memory,  the  Greeks  next  chose  some 
poetic  form  for  them,  preferably  the  elegiac 
distich.  Their  use  for  practical  purposes  even- 
tually suggested  their  composition  as  a  form  of 
literature,  with  subject  matter  sometimes  wholly 
imaginary.  These  poems  now  often  embraced 
several  distichs,  and  appeared  in  other  metres, 
but  continued  to  be  ordinarily  of  a  simple,  ex- 
pository or  descriptive  nature.  In  the  Alexan- 
drine period,  however,  when  poets  affected  al- 
most exclusively  short  but  highly  elaborate 
poems,  epigram  lost  much  in  simplicity  while  at- 
taining its  highest  popularity  among  the  Greeks. 
Its  composition  had  become  the  pastime,  and 
even  the  serious  ambition,  of  authors  of  first 
rank,  and  its  recitation  and  improvisation  one 
of  the  favorite  entertainments  at  symposia  and 
other  social  gatherings.  Collections  of  epi- 
graphical  epigrams  were  made.  Mcleager  of 
Gadara  followed  these  early  in  the  1st  century 
ex.  with  his  "Garland"  of  literary  epigrams,  the 
prototype  of  our  Greek  Anthology  or  "Bouquet 
of  Flowers."  This  numbers  about  4,500  poems 
by  over  300  writers  in  two  collections,  the  Pala- 
tine Anthrology  of  Constantinus  Ccphalas 
(early  10th  ad),  and  that  which  Planudcs 
made  four  centuries  later,  supplying  important 
additions.  These  collections  with  countless 
poetical  inscriptions  found  in  modern  times  con- 
stitute for  us  Greek  epigrammatic  literature. 
The  Greek  Anthology  not  only  throws  valuable 
light  on  human  life  from  the  time  of  the  Per- 
sian wars  to  the  age  of  the  Byzantine  collectors, 
but  through  widespread  translation  and  imita- 
tion has  deeply  affected  modern  languages  and 
thought.  For  the  names  of  the  prominent  writ- 
ers and  a  characterization  of  their  work  see  the 
special  article  •Anthology  *  As  a  literary  genre 
imported  from  the  Greeks,  epigram  enters  Latin 
literature  with  F.nnitis,  but  as  an  inscriptional 
poem  much  earlier.  Latin  is  peculiarly  adapted 
to  a  lapidary,  epigrammatic  style,  and  certain 
racial  characteristic*,  in  particular  their  devo- 
tion to  the  practical,  made  the  Romans  natu- 
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ralize  this  species  of  poetry  at  once.  At  first 
they  modeled  after  the  Greeks,  and  we  have  a 
few  specimens  of  the  erotic  epigram  as  the  Alex- 
andrines wrote  it.  By  Cicero's  time  most  of 
the  literary  men  of  importance  were  writing 
epigram,  and  its  value  as  a  political  weapon  was 
fully  appreciated.  Catullus  is,  however,  the 
only  writer  from  whom  we  have  any  consider- 
able collection.  Although  we  find  in  him  lyric 
qualities  as  fine  as  in  the  poems  of  the  Anthol- 
ogy, it  is  still  clear  that  the  national  aptitude 
for  satire  has  already  turned  epigram  strongly 
in  that  direction.  It  is  the  Latin  satiric  epi- 
gram and  not  the  more  lyrical  Greek  that  be- 
comes the  model  for  modern  writers.  In  the 
Augustan  Age,  Domitius  Marstis  and  Pedo  Albi- 
novanus  were,  according  to  Martial,  the  great- 
est epigrammatists,  but  we  have  not  enough  of 
their  work  to  judge  it.  Martial  himself 
brought  this  branch  of  poetry  to  its  acme.  None 
of  the  eminent  poets  who  followed  in  his  steps, 
Petronius,  Apulcius,  Ausonius  and  Claudian, 
have  equalled  him  in  epigram.  In  the  6th  cen- 
tury Luxorius  maintains  the  tradition,  but  at  a 
low  level.  About  this  time  the  Salmasian  col- 
lection was  made  which  forms  the  nucleus  of 
the  modern  compilations  which  we  call  the 
Latin  Anthology.  In  the  time  of  Charlemagne 
epigram  enjoyed  a  veritable  renaissance,  taking 
the  inscriptional  form  to  describe  the  material 
glories  of  Christianity  as  well  as  to  sing  the 
praises  of  the  dignitaries  of  the  Church.  Then 
the  humanists,  to  whom  Latin  was  almost  a 
second  mother  tongue,  revived  this  form  once 
more.  But  the  Latin  scholars  who  have  written 
epigrams  are  too  numerous  to  name  here.  One, 
John  Owen  of  Oxford,  should  not  perhaps  be 
passed  by,  since  he  devoted  himself  wholly  to 
this  field  and  with  marked  success.  In  English 
literature  the  composition  of  epigram  has  long 
been  out  of  fashion,  but  for  centuries  it  was 
popular  with  literary  men.  Notable  achieve- 
ments in  this  line  are  to  be  found  in  the  works 
of  Herrick,  Johnson,  Drydcn,  Swift,  Prior, 
Addison,  Junson,  Goldsmith,  Congrevc,  Hood, 
Hook,  Byron  and  Burns.  Pope's  poems  might 
be  reckoned  a  conglomeration  of  epigrams. 
Some  of  the  best  in  our  language  are  by  Lan- 
dor,  who  cutting  loose  from  the  Latin  type,  at 
times  becomes  a  Greek  in  spirit.  Epigram  has 
enjoyed  wide  favor  in  other  modern  tongues. 
In  Italy,  it  long  played  an  important  part  in 
politics,  as  both  the  Pasquino  and  Marforio  in 
Rome  would  testify,  could  they  speak,  but  it 
has  gradually  given  way  to  the  madrigal  and 
sonnet.  In  France  from  the  time  of  Clement 
Marot,  who  introduced  it  from  the  Latin,  the 
satiric  sort  has  enjoyed  a  wonderful  popularity. 
Roileau.  J.  B.  Rousseau,  Piron,  Lebrun  and 
Chenier  have  shown  its  possibilities  in  many 
lines.  The  poetic  Priamcl  of  the  14th  century 
may  be  said  to  begin  epigrammatic  literature  in 
Germany,  where  indeed  it  has  always  inclined 
more  to  the  moral  and  didactic  than  in  the 
Latin  countries.  Among  her  more  eminent  epi- 
grammatists arc  Opitz,  Fricdrich  von  Logau 
who  is  the  best  of  all,  Wernicke  Kastner, 
Klopstock,  Lcssing,  Herder,  Schiller  and 
Goethe,  who  brought  out  their  'Xenien*  to- 
gether in  1797,  Hang,  and  in  more  recent  times 
Bodenstedt,  Vischer  and  Fulda.  We  pass  from 
the  history  to  the  theory  of  epigram.  Since  it 
is  unlimited  in  its  choice  of  subject,  the  form 
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and  not  the  contents  must  determine  whether  a 
poem  is  an  epigram  or  not.  Lessing  has 
shown  much  acumen  in  tracing  the  essential  ele- 
ments of  the  epigram  in  its  modern  conception 
to  the  primitive  type,  the  inscription.  Just  as  a 
monument  arouses  in  a  spectator  a  curiosity 
about  the  author  and  purpose  of  its  construc- 
tion, which  the  inscription  then  satisfies,  so  the 
first  part  of  a  literary  epigram,  whether  dealing 
with  some  material  object,  or  not,  is  intended 
to  excite  an  interest  which  the  close  of  the 
poem  must  duly  satisfy.  The  suspense  may  be 
increased  by  making  the  prefatory  portion  of 
some  length.  The  more  remotely  separated  and 
apparently  contradictory  the  ideas  that  are 
brought  together,  and  the  briefer  and  more  un- 
expected the  commentary  or  explanation  at  the 
end,  the  more  successful  we  deem  the  poem.  This 
point  or  conclusion  becomes  in  the  satiric  epi- 
gram a  sting.  Hence  the  frequent  comparison 
of  an  epigram  to  a  bee  or  wasp.  While  the 
above  applies  to  most  epigrams  as  written  to- 
day, no  definition  is  quite  satisfactory  with  ref- 
erence to  much  that  the  ancients  included  under 
the  term.  Consult  Adam  'Book  of  Epigrams' 
(London  1800)  ;  Booth,  'Epigrams  Ancient  and 
Modern'  (2d  ed..  ib.  1865);  Dodd,  'Epigram- 
matists of  Mediaeval  and  Modern  Times*  (2d 
ed.,  ib.  1875)  ;  Watson,  'Epigrams  of  Art,  Life, 
and  Nature'  (Liverpool  1884). 

Walton  Brooks  McDaviel, 
Assistant  Professor  of  Classical  Philology,  Uni- 
versity of  Pennsylvania. 

EPIGYNY,  cp-ijT-ni,  in  flowers,  the  con- 
dition arising  when  the  petals,  stamens  and 
sepals  appear  as  coming  from  the  top  of  the 
ovary,  the  latter  showing  just  below  the  flower. 
See  Flower. 

EPIHIPPUS,  a  diminutive  horse  of  the 
Upper  Eocene  of  Wyoming,  in  which  only  the 
last  two  premolars  had  taken  on  the  molar  pat- 
tern.   Sec  Horse. 

EPILEPSY.  Epilepsy  is  no  longer  used  as 
a  definite  disease  name  but  rather  as  a  sym- 
bolic term  under  which  are  grouped  a  great 
variety  of  conditions  presenting  a  general  re- 
semblance. These  arc  sudden  ana  relatively 
transient  attacks  accompanied  usually  by  dis- 
turbances of  consciousness  called  variously 
"faints,"  "absences,*  "blanks*  and  amnesias  and 
convulsive  seizures  which  involve  the  voluntary 
and  involuntary  muscular  apparatus. 

The  historic  name  epilepsy,  the  "falling  sick- 
ness," points  to  the  most  evident  symptom,  the 
falling  due  to  this  loss  of  muscular  control. 
The  strictly  etymological  origin  of  the  word, 
literally  from  the  Greek  word  "to  seize  upon," 
also  denotes  the  antiquitv  of  the  recognition  of 
this  form  of  disturbance  and  the  ancient  ani- 
mistic character  of  the  hypotheses  which  sought 
to  explain  it,  and  which  has  long  clung  about 
its  mysterious  and  often  violent  manifestations. 
It  was  recognized  in  its  pure  tvpe  bv  the  most 
ancient  observers.  Hippocrates  described  it. 
and  evidences  are  found  in  the  earliest  Indian 
writings  of  Charaka  that  the  disease  was  then 
known. 

The  most  modern  belief  concerninc  it  is 
undergoing  a  process  of  modification.  There  is 
a  tendency  to  speak  of  "the  epilepsies*  rather 
than  to  consider  a  disease  entity,  which  fails  to 
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cover  the  wide  range  of  conditions  of  which 
the  attacks  arc  but  the  outward  manifestation. 
The  dynamic  concept  which  is  making  its  way 
into  medicine  draws  attention  to  the  attack  as 
the  result  of  a  faulty  distribution  of  energy 
which  may  be  brought  about  in  various  way's 
and  from  a  variety  of  far-reaching  causes  m 
the  constitution  and  experience  of  the  individual 

The  dynamic,  energetic  concept  of  the 
nervous  and  psychic  functioning  establishes  a 
working  basis  by  dividing  nervous  activity  into 
three  levels  of  operation  which  have  been  pro- 
gressively developed  according  to  functional 
biological  needs.  Thus  the  nervous  apparatus 
of  man  presents  the  capability  of  reaction  to 
environment  on  the  physicochemical  or  purely 
vegetative  level,  the  sensori-motor  and  the  level 
which  must  express  itself  symbolically  as  in  all 
the  higher  psychic  forms  of  reaction.  Any 
one  of  these  levels  offers  itself  as  an  outlet  for 
the  epileptic  discharge.  The  unity  of  the 
nervous  organism  permits  the  view  of  it  as  a 
mass  of  interrelated  reflexes  redistributing  the 
energy  bound  up  with  the  individual  in  order  to 
effect  his  adaptations  and  his  reactions  toward 
his  environment,  which  may  thus  take  place  at 
any-  one  of  the  three  levels.  The  epileptic  in- 
efficiency to  so  distribute  the  energy  as  to  bring 
about  a  series  of  harmoniously  adjusted  ac- 
tivities may  in  turn  emphasize  itself  in  any  one 
of  these  spheres  of  discharge. 

This  accounts  for  the  wide  range  of  mani- 
festations in  attacks  of  the  equally  extensive 
underlying  conditions.  The  attacks  comprise 
psychic  forms,  the  so-called  functional  neuroses 
and  psychoncuroscs,  the  more  pronounced 
psychoses,  also  toxemic  states,  many  organic 
brain  diseases  and  the  grosser  defects  of  de- 
velopment, even  idiocy.  The  toxic  states  may 
be  transitory  with  removable  cause  or  mav  be 
due  to  defective  metabolic  functioning  which 
cannot  be  remedied  or  to  other  obscure  factors 
working  at  the  phvsicochcmical  level.  None  of 
these  causes  in  themselves  can  any  longer  be 
regarded  as  sufficient  explanation  of  the 
epileptic  form  of  reaction.  The  more  funda- 
mental conception  of  a  faulty  energy  distri- 
bution indicates  a  blocking  or  closing  of  many 
paths  of  outlet  cither  structurally  or  by  psychic 
inhibition  and  so  accumulation  of  the  discharge 
within  relatively  narrow  confines.  This  view- 
point applies  thus  equally  well  to  the  psychic 
manifestations,  the  physiological  and  localized 
attacks  (Jacksonian  types)  of  the  physicochem- 
ical (tetany). 

More  accurate  and  pathological  and  clinical 
knowledge  tends  to  separate  off  from  the  great 
epileptic  group  certain  varieties  of  conditions 
which  can  be  more  definitely  identified  with 
other  disease  groups.  There  remains,  however, 
for  general  consideration  the  still  broad  and 
ill-defined  "genuine  or  classical  epilepsy*  in 
which  the  typical  reactions  are  evident  for  de- 
scription. The  classical  major  epileptic  attack 
(grand  mal)  is  sudden  in  onset  though  pre- 
ceded often  by  a  warning  aura.  This  may  be 
sensory,  motor  or  purely  psychic.  At  the  sud- 
den onset  of  the  attack  the  patient  falls  and 
immediately  develops  a  tonic  spasm  with  un- 
consciousness. The  direction  of  the  patient's 
fall  depends  upon  the  muscles  first  involved,  but 
in  a  few  moments  all  the  voluntary  muscles  are 
affected    Cyanosis  results  from  convulsion  of 
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the  respiratory  muscles  and  biting  of  the 
tongue  from  that  of  the  jaw  muscles.  As  the 
tontc  convulsion  is  succeeded  in  a  few  moments 
by  clonic  spasms  frothy,  bloody  saliva  issues 
from  the  mouth  and  the  cyanosis  gradually 
disappears  through  the  return  of  respiration. 
Urine  is  often  passed  during  the  attack  and  less 
frequently  feces.  The  gradual  subsidence  of  the 
clonic  spasms  is  followed  by  a  short  period  of 
automatic  activity  after  which  the  patient  re- 
turns gradually  to  full  consciousness  or  sinks 
at  once  into  a  deep  sleep  from  which  he 
awakens  with  lameness  and  weakness  in  the 
muscles  which  are  affected,  and  perhaps  with 
headache. 

The  minor  attacks  (petit  mal)  exhibit  an 
endless  procession  of  variations.  The  disturb- 
ance of  consciousness  is  shorter  in  duration  and 
less  profound  and  the  convulsive  phenomena  are 
so  mild  that  they  may  even  escape  observation. 
Occasionally  there  is  a  slight  convulsion,  an 
involuntary  contraction  and  extension  of  some 
of  the  muscles  without  loss  of  consciousness, 
and  the  patient  resumes  his  regular  course  of 
work  or  play.  In  cases  of  a  slight  loss  of  con- 
sciousness the  patient  may  suddenly  stop  in 
the  midst  of  play  or  work  or  conversation,  a 
shade  passes  over  his  face  and  in  a  moment  he 
is  himself  again.  Sometimes  there  is  a  momen- 
tary confusion,  faltering  or  fumbling  about  the 
clothing  in  a  dazed  fashion,  which  quickly 
passes  over  and  leaves  the  patient  occupied  as 
if  nothing  had  happened.  Occasionally  he  feels 
sleepy,  lies  down  for  a  second  and  then  gets 
up  perfectly  well.  These  attacks  may  also  be 
preceded  by  an  aura. 

Psychic  disturbances  many  and  varied  may 
precede  or  follow  the  attack  or  may  even  re- 
place it.  In  many  subjects  there  is  a  marked 
disturbance  sometimes  for  several  days  pre- 
ceding the  convulsion,  which  serves  as  a  warning 
to  those  associated  with  the  patient.  The  mani- 
festations may  be  iucreascd  irritability,  com- 
plaining, depression  or  dullness  and  nerhaps 
also  disturbances  of  the  sensory  functions, 
hypochondriacal  complaints  and  hallucinations, 
all  of  which  conditions  are  significantly  re- 
lieved by  the  convulsion.  A  condition  of  active 
excitement  may,  however,  occur  just  after  the 
attack,  sometimes  before,  which  may  reach  an 
actual  frenzy,  epileptic  furor.  In  this  state  the 
patient  is  liable  to  any  act  of  violence  but 
fortunately  the  attack  is  usually  brief  and 
moreover  the  patient's  efforts  are  diffuse  and 
lack  coherence. 

The  so-called  epileptic  equivalent  is  an  at- 
tack in  which  the  convulsion  is  replaced  by  a 
purely  mental  disturbance.  The  form  of  at- 
tack is  frequently  that  of  the  epileptic  autom- 
atism or  epileptic  dream  slate.  Almost  any 
act  may  be  committed  in  these  conditions  with 
absolutely  no  recollection  on  the  part  of  the 
patient  when  he  comes  to  himself.  The  recog- 
nition of  this  condition  is  of  great  importance 
from  a  medicolegal  standpoint  for  crimes  are 
sometimes  committed  and  these,  if  crimes  of 
violence,  arc  often  marked  by  their  ferocity 
and  fury.  Moreover,  the  seizure  associated 
with  these  acts  may  have  been  so  slight  as  not 
to  have  been  noticed.  Usually,  however,  the 
acts  are  rather  simple  and  the  attacks  of  short 
duration.  There  are  also  transitory  conditions 
of  depression,  excitement,  confusion,  delirium 
and  stupor  and  peculiarly  characteristic  one  of 


ecstasy  with  hallucinations,  particularly  of  a 
religious  character.  There  arc  also  transitory 
states  of  ill-humor  which  may  be  psychical 
equivalents.  These  are  frequently  associated 
with  drinking. 

The  etiology  as  well  as  the  prognosis  of 
epilepsy  are  so  involved  in  the  broader  con- 
cept which  avoids  the  limitation  of  definitions 
and  unsubstantial  formulations  that  these  are 
best  considered  also  from  the  energic  stand- 
point. The  genuine  epileptic  usually  comes  from 
a  badly  tainted  ancestral  stock,  manifesting  per- 
haps not  epilepsy  in  the  ancestors  or  collaterals 
but  evidences  of  ill-defined  nervous  disorders. 
There  is  evidently  a  defect  of  the  germ  plasm 
and  hence  epilepsy  and  fceble-mindedncss  are 
often  found  associated.  This  accords  with 
what  has  been  said  about  the  inadequate  dis- 
tribution of  energy  discharge.  There  is  actual 
developmental  failure  to  lay  down  paths  for  the 
higher  avenues  of  discharge  and  constitutional 
inadequacy  to  adapt  to  the  demands  of  en- 
vironment. The  epileptic  type  of  character  is 
apt  to  be  morose,  irritable,  suspicious  and 
hypochondrical  with  resultant  unreliability  and 
shallow  aggressive  religiosity.  He  is  marked 
by  an  extreme  egocentricity  and  hypersensitive- 
ness.  This,  it  has  been  well  said,  "is  not  to  be 
taken  in  any  narrow  or  moralistic  sense,  but 
is  to  be  considered  ...  in  a  broad  biologic 
view,  a  personality-defect  which  makes  its  pos- 
sessor incapable  of  social  adaptation  in  its  best 
setting  and  which,  if  it  remain  uncorrected, 
renders  the  individual  entirely  inadequate  to 
make  a  normal  adult  life.  The  seizure  phenom- 
enon is  essential  epilepsy  .  .  .  constitutes  a 
reaction  away  from  the  difficulties  in  a  loss 
of  consciousness." 

All  the  patient's  interests  centre  about  the 
ego.  His  interests  are  variable  but  shallow 
and  easily  fall  away  as  they  fail  to  contribute  to 
his  egotism  or  as  they  present  some  difficulty 
which  calls  for  a  greater  effort  without  a  suf- 
ficient egotistic  premium.  There  is  always  a 
tendency  to  turn  conversation  or  any  external 
stimulus  to  the  ego  centre.  In  this  as  in  all 
his  reactions  the  epileptic  manifests  the  infantile 
character  to  a  marked  degree.  His  sexuality 
like  his  religiosity  is  of  a  superficial,  infantile, 
expansive  type.  The  impulses  are  prominent 
and  easily  roused  but  undeveloped  and  tending 
to  seek  outlet  in  a  number  of  ways  which  be- 
long to  the  infantile  polymorphus  components 
of  sexuality  not  yet  converged  into  the  adult 
sexual  aim  (Freud). 

The  epileptic  state  leads  in  a  certain  pro- 
portion of  cases,  if  it  has  begun  in  early  life, 
to  conditions  of  feeblc-mindedness,  imbecility 
and  idiocy  or  it  has  originally  been  associated 
with  these  conditions.  It  produces  in  many 
cases  a  very  profound  general  mental  deteriora- 
tion. The  progress  toward  this  condition  as 
well  as  the  ultimate  clinical  picture  present  an 
accentuated  manifestation  of  the  heightened 
infantile  and  egocentric  character  of  the 
epileptic  character  and  reaction.  It  is  asso- 
ciated in  a  close  inter-relation  with  the  super- 
ficiality and  ready  loss  of  interest.  As  has  been 
said:  "This  process  .  .  .  consists  of  a  pro- 
gressive loss  of  interest  associated  with  a  fail- 
ure of  mentation  in  respect  to  normal  stimuli 
in  which  interest  is  lost  Both  loss  of  interest 
and  intellectual  decay  proceed  from  the  barely 
perceptible  early  stages  to  total  loss  of  speecn 
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and  other  acquired  functions,  when  a  condi- 
tion is  reached  equivalent  to  the  lowest  grade 
of  idiocy  or  the  helplessness  of  a  suckling  in- 
fant.8 The  dementia  does  not  manifest  itself 
in  a  withdrawal  into  an  hallucinatory  world  or 
in  the  further  symbolic  activities  of  other  types 
of  dementia.  It  consists  rather  in  this  gradual 
withdrawal  from  all  contact  with  environment 
until  a  stage  of  complete  infantilism  is  reached 
when  the  individual  is  merely  a  biological  ego- 
centric entity  in  the  state  of  supreme  infantile 
dependence  and  security  which  characterize  the 
earliest  post-embryonic,  almost  the  fetal  period. 
This  is  also  the  psychic  goal  attained  tem- 
porarily by  the  attacks  which  produce  pro- 
found unconsciousness.  Such  a  conception  of 
the  meaning  of  the  tendency  and  ultimate  end 
of  the  psychic  reaction  has  been  made  possible 
through  the  psychoanalytic  understanding  of 
controlling  impulses  belonging  to  the  uncon- 
scious and  determining  such  reactions.  The  ap- 
plication of  psychoanalytic  knowledge  and 
methods  to  individual  cases  has  led  to  and  con- 
firmed these  conclusions  and  throws  a  light 
upon  the  obscure  problems  of  epilepsy  which 
have  so  far  baffled  the  neuropathologist  and 
the  psychiatrist  of  older  schools.  This  psycho- 
logical approach  to  the  problem  does  not  ex- 
clude further  research  along  anatomical  and 
pathological  lines.  On  the  contrary  it  awaits 
accurate  and  conclusive  knowledge  which  can 
only  come  through  such  exact  research  and 
which  must  form  the  physiological  basis  for 
complete  psychological  understanding  and  en- 
large the  possibility  of  prophylactic  and  thera- 
peutic control. 

Meanwhile  a  psychic  therapy  is  proving  its 
efficacy  in  a  more  rational  understanding  of  the 
epileptic  constitution  and  its  inadequacy  before 
the  demands  of  life.  This  brings  an  explana- 
tion of  its  yielding  at  points  of  particular  diffi- 
culty and  utilizing  the  characteristic  modes  of 
energy  discharge.  It  thus  affords  a  prophylactic 
basis  for  education  and  early  training  to  coun- 
teract the  essential  cgoccntricity  and  super- 
ficiality of  interest  and  in  further  treatment, 
whether  able  to  effect  a  cure  or  merely  to  al- 
leviate existing  conditions  and  retard  or  pre- 
vent the  ultimate  dementia,  it  stimulates  to  a 
sympathetic  and  watchful  interest  in  the  patient 
in  order  to  meet  him  at  the  points  of  least 
res:stance  and  rearousc  a  flagging  interest  and 
utilize  his  very  tendencies  for  counteracting 
his  self-centring.  The  epileptic  colony  pro- 
vides the  ideal  environment  for  this  course  of 
treatment.  The  patients  are  there  under  the  con- 
stant supervision  of  the  trained  psychotherapist 
who  has  this  necessary  understanding.  The 
variety  of  occupations  provided  furnish  means 
for  the  essential  change  of  interest  and  the 
patients  are  not  subjected  to  a  competition 
which  they  arc  constitutionally  unable  to  with- 
stand. 

The  question  of  the  use  of  drugs  is  an  im- 
portant one  because  of  a  widespread  belief  in 
their  efficacy.  Bromide  is  the  onlv  one,  how- 
ever, which  deserves  consideration,  being  in 
fact  the  basis  of  most  of  the  other  remedies 
offered  for  this  condition.  The  larger  concep- 
tion of  the  clinical  picture  which  recognizes  the 
convulsion  as  not  the  disease,  nor  even  the  cause 
nor  the  first  expression  of  it,  but  onlv  one  form 
of  its  outward  manifestation,  an  outlet  for  the 
accumulated  and  unutilizable  energy,  seriously 


questions  the  rationality  of  bromide  medication. 
Experience  seems  to  show  that  the  convulsion  is 
only  postponed,  that  sooner  or  later  the  energy- 
discharge  will  take  place  and  the  drug  may 
indeed  in  the  end  produce  a  summation  of  at- 
tacks which  will  lead  up  to  that  final  stage  of 
which  the  epileptic  stands  in  danger,  the  condi- 
tion known  as  status  cpilcpticus,  a  terminal 
stage  which  consists  of  repeated  and  continued 
convulsive-  attacks  associated  with  high  fever 
and  usually  ending  in  death.  It  cannot  be 
denied  that  the  bromides  have  a  function  in 
regulating  the  convulsions  when  such  a  danger 
is  imminent  but  they  must  be  employed  with 
the  utmost  caution  and  consideration  on  the 
part  of  the  physician.  The  general  observance 
of  hygienic  measures  is  of  course  of  great  im- 
portance. An  outdoor  life  with  a  mild,  health- 
ful occupation,  plain,  digestible  food,  the  absence 
of  tobacco,  alcohol  and  other  stimulants,  a  free 
intestinal  canal  and  surroundings  in  consonance 
with  the  mental  capacity  of  the  patient  are  very 
desirable  features.  Treatment  during  a  con- 
vulsion is  merely  protection  to  prevent  injury 
to  the  patient.  Beyond  these  measures,  how- 
ever, lies  the  more  comprehensive  understand- 
ing of  the  constitutional  burden  of  the 
epileptic  and  the  very  practical  aid  which  this 
must  bring  to  him  in  directing  and  adapting 
his  capacity  to  the  demands  of  his  environ- 
ment. Consult  Jclliffe  and  White,  <  Diseases  of 
the  Nervous  System'  (2d  ed..  1917). 

Smith  Ely  Jelljffe. 

EPILEPTIC  CHILDREN.  See  Chil- 
dren, Defective. 

EPILEPTIC  COLONIES.  The  treatment 
and  care  of  epileptics  in  special  institutions 
may  be  said  to  be  one  of  the  developments  of 
applied  philanthropy  of  distinctly  recent  origin. 
By  the  founding  of  epileptic  colonies  is  meant 
the  setting  apart  of  distinct  tracts  of  ground 
tor  buildings  and  for  the  exclusive  care  and 
training  of  epileptics.  The  position  of  the 
epileptic  in  society  is  altogether  anomalous.  As 
Letchworth  well  says:  *As  a  child  he  is  an  ob- 
ject of  solicitude  to  his  parents  and  guardians. 
The  streets  to  him  are  full  of  dangers,  and  if 
sent  to  school  he  is  apt  to  have  seizures  on 
the  way  or  in  the  class-room.  His  attacks  shock 
his  classmates  and  create  confusion.  He  can- 
not attend  church  or  public  entertainments,  nor 
participate  in  social  gatherings  with  those  of 
his  own  age  and  station.  In  consequence  of  his 
infirmity  the  epileptic  grows  up  in  idleness  and 
ignorance,  bereft  of  companionship  outside  of 
the  family,  and  friendless.  He  silently  broods 
over  his  isolated  and  helpless  condition."  The 
recognition  of  these  truths  has  caused  philan- 
thropists to  found  such  colonics.  In  continental 
countries  more  has  been  done  for  epileptics  than 
elsewhere,  but  in  the  last  20  years  the  movement 
for  taking  care  of  this  unfortunate  class  of 
society  has  grown  to  large  proportions  and,  as 
expressed  by  Peterson  in  his  presidential  ad- 
dress to  the  National  Association  for  the  Treat- 
ment and  Care  of  Epileptics  1902,  "there  is 
hardly  a  community  in  the  civilized  world  that 
is  not  now  thoroughly  aroused  to  the  necessity 
for  the  treatment  of  this  class  of  defectives.* 

This  awakening  took  place  about  1887,  and 
has  continued  to  the  present  time.  The  first 
distinct  attempt  to  provide  for  epileptics  was 
inaugurated  by  a  Lutheran  pastor,  Friedrich  von 
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Bodelschwingh,  who  founded  at  Bielefeld,  in 
Westphalia,  Germany,  the  Bethel  Colony,  which, 
from  small  beginnings,  has  grown  up  to  a  vil- 
lage inhabited  solely  by  epileptics.  Here  every- 
thing has  been  provided  to  meet  their  special 
needs,  to  make  up  for  their  deprivations  in  the 
outside  world  They  arc  supplied  with  schools 
to  improve  their  minds,  industrial  teachers  to 
make  them  more  or  less  self-supporting,  and 
physicians  to  study  and  treat  their  cases.  Out- 
door occupations  arc  provided,  special  diet  is  ar- 
ranged for,  recreations,  amusements,  religious 
instruction,  in  fact  all  of  the  devices  that  go  to 
make  up  a  home,  have  been  provided  under 
this  man's  guidance,  so  that  at  least  nearly 
4,000  people,  not  less  than  half  of  whom  are 
epileptics,  arc  being  taken  care  of  in  Bethel. 

The  success  of  the  Bielefeld  Colony  prompted 
movements  elsewhere.  Other  colonies  were 
founded  in  Germany  and  other  European  coun- 
tries. Ohio  established  the  first  institution  for 
epileptics  in  the  United  States,  although  this 
was  built  on  the  hospital  rather  than  the  colony 
plan.  New  York  has  Craig  Colony  at  Sonyca, 
one  of  the  most  elaborate  and  beautiful  institu- 
tions of  this  class,  closely  modeled  on  the  Biele- 
feld plan,  and  accommodating  a  population  of 
nearly  2,000.  Massachusetts  has  a  colonv  at 
Palmer;  Pennsylvania  a  colony  farm  at  Oak- 
burn  ;  and  there  is  a  New  Jersey  State  village 
for  epileptics  at  Skillman.  A  colony  for  epi- 
leptics was  established  in  1902  at  Abilene,  Tex., 
and  there  are  similar  establishments  in  Connec- 
ticut, Indiana,  Illinois,  Kansas,  North  Carolina, 
Missouri,  Minnesota  and  California.  In  Eng- 
land the  first  colony  founded  was  at  Chalfont 
in  1893  and  another  at  War  ford  in  1900.  There 
is  also  a  colony,  the  Waghull  Home,  near  Liv- 
erpool;  another  at  Godalming;  a  large  colony 
at  Chclford,  and  finally  a  fifth  institution  was 
completed  1903-04  for  the  city  of  London,  not 
far  from  Croydon.  Other  colonies  have  been 
founded  in  Brazil,  Belgium,  Switzerland. 
Sweden,  Russia,  Italy,  Turkey,  India,  Japan  ana 
Australia. 

The  Craig  Colony,  of  Sonyca,  N.  Y.,  being 
one  of  the  most  modern  and  ideal,  is  selected 
as  a  type  of  this  institution.  Consult  Letch- 
worth.  'Care  and  Treatment  of  Epileptics' 
(1900). 

EPILEPTIC    CONSTITUTION.  The 

epileptic  constitution,  or  makeup,  has  long 
Irecn  recognized  as  the  mental  stigma  of  essen- 
tial epilepsy  itself.  Only  recently  have  studies 
disclosed  that  the  main  tenets  of  such  a  char- 
acter are  present  years  before  the  nervous 
disorder  of  epilepsy,  as  such,  is  shown  in 
fits.  Indeed,  most  frequently  defects  of 
personality  may  be  detected  in  earliest  child- 
hood. The  chief  instinctive  defects  are  cgo- 
centricity,  supersensitivencss  and  emotional 
poverty.  The  potential '  epileptic  is  intensively 
self-centred  and  fails  to  project  his  life  inter- 
ests into  his  environment  in  a  normal  and 
healthful  manner.  Partly  because  of  this  char- 
acter-fault, and  still  more  because  of  his  innate 
inheritance,  he  is  or  soon  becomes  unduly  sen- 
sitized to  all  forms  of  stress  and  annoying  de- 
mands. He  either  extraverts  his  supersensitive- 
ness  by  exhibitions  of  more  and  tantrums  of  a 
type  more  severe  than  those  occasionally  seen 
in  passionate  children,  or  he  introverts  this 
and  represses  his  environmental  con- 


flicts, causing  him  to  develop  a  very  uns 
irritable  and  sullen  emotional  life,  which  paves 


the  way  for  larger  and  more  difficult  adapta- 
tions which  he  cannot  meet;  outspoken  fits  may 
then  occur.  By  possessing  an  egocentric  and 
supersensitive  makeup,  the  potential  epileptic 
fails  to  make  the  degree  of  environmental  con- 
tact which  would  lead  him  into  a  broad  and  rich 
experience  with  life,  hence  sooner  or  later  he 
fails  to  acquire  a  well-rounded  emotional  de- 
velopment. This  deficit  may  or-  may  not  limit 
the  individual's  purely  intellectual  equipment  in 
later  life.  Previously  endowed  with  the  in- 
stinctive defects  noted,  the  demands  of  adoles- 
cence and  adult  life  increase  the  difficulties  of 
such  individuals  until  they  reach  the  breaking 
point  in  a  fit  or  seizure.  Hand  in  hand  with 
the  handicap  of  defective  endowment  occurs  a 
disintegration  of  habits  and  character,  known 
as  deterioration,  which  often  precedes  actual 
epileptic  seizures  for  a  considerable  time.  This 
accounts  for  the  fact  that  an  essential  epileptic 
from  the  very  nature  of  his  makeup  is  usually 
doomed  to  mental  failure  in  its  broadest  sense 
if  proper  measures  to  check  or  controvert  his 
innate  faults  arc  not  taken  at  the  earliest  possi- 
ble moment.  Any  effective  plan  of  treatment 
must  essentially  take  strict  and  early  account 
of  the  makeup  of  epileptics  before  all  else. 

L.  Pierce  Clark,  M.D. 

EPILEPTIC  PSYCHOSIS.  In  the  older 
descriptive  neurological  concepts,  this  indicated 
a  mental  complex  accompanying  epilepsy.  It 
was  characterized  by  a  certain  degree  of  men- 
tal deterioration,  as  shown  in  the  impairment 
of  intellect  and  memory,  by  impulsiveness,  men- 
tal irritability,  loss  of  moral  sense  and  partial 
or  complete  loss  of  productiveness.  It  is  also 
accompanied  by  periodic  disturbances,  transitory 
attacks  of  anger,  dream-states  or  automatic 
phenomena.  Many  patents  with  epileptic  at- 
tacks do  not  develop  such  severe  psychoses  as  to 
require  certification  and  sequestration,  but  the 
mental  deterioration  may  appear  at  almost  any 
period  following  the  onset  of  the  epilepsy.  In 
many  chronic  epileptic  states  there  is  pronounced 
weakness,  mentally,  morally  and  emotionally. 
One's  sense  of  one's  surroundings  is  usually 
preserved,  and  consciousness  may  be  clear  save 
during  the  dream-states  or  automatic  periods. 
Comprehension  is  usually  not  markedly  im- 
paired, but  the  field  of  attention  is  diminished 
and  easily  diverted.  Hallucinations  are  infre- 
quent, illusions  are  common  during  an  attack 
or  following  a  grand  mal  seizure,  and  delusions 
are  transitory,  being  found  usually  only  in  the 
dream-states.  Morbid  and  sudden  impulses  arc 
quite  frequent,  sometimes  approaching  distinct 
nerve-storms,  during  which  suicidal  and  homi- 
cidal attacks  may  occur.  The  conduct  other- 
wise is  usually  orderly,  and  the  ordinary  rules 
of  propriety  are  observed.  There  is  greatlv 
diminished  capacity  for  work  in  practically  afl 
epileptics.  The  subject  of  a  severe  epileptic 
psychosis  is  one  deserving  wide  recognition  as 
there  are  unquestionably  a  number  of  phenom- 
ena termed  "psychical*  epilepsy  that  need  recog- 
nition by  specialists.  In  some  of  these  attacks 
the  patients  are  confused.  They  move  in  a 
mechanical  or  automatic  manner.  They  wan- 
der aimlessly  about,  recognizing  no  one,  al- 
though sometimes  answering  incoherently  when 
addressed.    Occasionally  they  exhibit  symptoms 
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of  excitement,  at  other  times  depression,  and 
not  infrequently  they  may  set  fire  to  their  beds 
or  furniture,  commit  theft,  assaults,  homicides, 
expose  their  persons  and  otherwise  conduct 
themselves  in  an  irrelevant  and  insane  manner. 
Treatment  is  extremely  difficult  in  advanced 
stages.  While  younger  psychoanalysis  and 
careful  endocrinopathic  study  offer  the  best 
chances  lor  modifying  the  conditions  which 
tend  to  bring  about  the  epileptic  deterioration. 
The  patient  should  be  kept  in  a  sanatorium  or 
asylum.    See  Epilepsy. 

EPILOBIUM,  ep-l-loTje-um,  the  willow- 
herbs,  a  genus  of  herbaceous  plants  belonging 
to  the  evening  primrose  family  (Onagracea) . 
The  species  arc  herbs  or  under-shrubs  with  pink 
or  purple,  rarely  yellow,  flowers,  single  in  the 
axils  of  the  leaves,  or  having  terminal  leafy 
spikes.  The  seeds  arc  tipped  with  a  pencil  of 
silky  hairs,  and  arc  contained  in  a  long  four- 
celled  capMilc.  There  are  about  65  species  scat- 
tered over  the  Arctic  and  temperate  regions  of 
the  world,  40  of  them  being  found  in  the  western 
and  northwestern  portions  of  North  America. 
E.  hirsulum,  or  codlins-and-creams,  a  great 
hairv  willow-herb,  is  a  common  and  conspicuous 
plant  of  waste  places  in  New  England  and 
northern  New  York.  Its  flowers  are  pink  and 
rather  large,  and  the  whole  plant  is  very  downy. 
Some  species  are  cultivated  in  America,  but 
these  plants  are  more  common  in  English  cot- 
tage gardens  than  in  America. 

EPILOGUE  (from  the  Greek  cfi,  upon, 
and  logos,  word,  speech),  the  closing  address 
to  the  audience  at  the  end  of  a  play.  The  epi- 
logue is  the  opposite  of  the  prologue,  or  open- 
ing address.  Many  of  Shakespeare's  plays 
have  an  epilogue  as  well  as  prologue,  in  which 
the  poet  sometimes  craves  the  indulgence  of  the 
spectators  for  the  faults  of  his  piece  and  the 
performance,  and  sometimes  intimates  in  what 
light  his  work  is  to  be  considered.  The  epi- 
logue is  sometimes  a  necessary  appendage,  to 
tell  us  something  of  a  composition,  which  can- 
not be  gathered  from  the  composition  itself. 
In  rhetoric  an  cpilogtte,  when  fully  developed, 
repeats  the  principal  points  already  presented  in 
the  composition,  and  offers  an  appeal  to  the 
feelings  of  the  reader  or  the  audience. 

EPIMENIDES,  ep-I-menldez,  Cretan  phi- 
losopher and  poet :  b.  Crete,  in  the  7th  century 
B.C.  By  some  he  is  reckoned  among  the  seven 
wise  men,  instead  of  Periander.  When  the 
Athenians  were  visited  with  war  and  pestilence, 
and  the  oracle  declared  that  they  had  drawn 
on  themselves  the  divine  anger  by  the  profana- 
tion of  the  temple,  in  which  the  followers  of 
Cylon  had  been  put  to  death,  and  must  ex- 
piate their  offense,  they  sent  for  Enimenides, 
who  was  renowned  for  his  wisdom  and  piety, 
from  Crete,  to  purify  the  temple.  On  his  de- 
parture he  refused  to  accept  any  presents,  and 
only  asked  the  friendship  of  the  Athenians  on 
behalf  of  Cnossus,  his  home.  There  is  a  legend 
of  his  having,  when  a  boy,  slept  in  a  cavern  for 
57  years.  On  awakening,  he  found,  to  his  as- 
tonishment, everything  changed  in  his  native 
town.  This  story  is  the  ground-work  of 
Goethe's  poem,  the  'Waking  of  Epitnenides,> 
for  the  anniversary  of  the  battle  of  Leipzig.  Ac- 
cording to  some  accounts  he  is  said  to  have  lived 
for  upward  of  150,  according  to  others  for 
nearly  300.  years.     He  is  supposed  to  be  the 
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prophet  quoted  by  Saint  Paul  in  Titus  i,  12  as 
saying  "The  Cretans  are  always  liars,  evil 
beasts,  slow  bellies." 

EPIMETHEUS,  cp-I-mc'thus,  in  Greek 
mythology,  a  son  of  lapel  us  and  Clymcnc  and 
the  brother  of  Prometheus.  Against  the  latter's 
advice  he  married  Pandora,  who  opened  the 
box  in  which  the  foresight  of  Prometheus  had 
hid  all  the  ills  by  which  mortals  were  liable  to 
be  afflicted.  All  kinds  of  diseases  and  torments 
issued  out  of  the  box  and  hope  alone  remained 
behind.  According  to  other  accounts  it  was 
Epimctheus  himself  who  opened  the  box.  (See 
Pandora).  It  is  to  be  remarked  that,  in  the 
Greek  tradition,  curiosity  and  disobedience  are 
made  the  origin  of  evil,  as  in  the  Mosaic  account 
of  the  fall. 

EPINAL,  a-pc-nal',  France,  town,  capital 
of  the  department  of  the  Vosges,  in  a  narrow- 
valley  on  the  Moselle  1,070  feet  above  sca-level, 
190  miles  (264  by  rail)  east-southeast  of  Paris. 
It  has  a  communal  college,  a  public  library*  °f 
30,000  volumes,  a  museum  of  antiquities  and 
hospital  and  is  surmounted  by  the  ruins  of  an 
old  castle.  The  manufactures  consist  of  arti- 
cles in  iron  and  brass,  leather,  embroidery 
print  and  cotton  goods,  hats,  paper  and  pottery; 
freestone  and  marble  are  quarried  in  the 
vicinity.  The  town  was  founded  in  the  10th 
century.  With  Belfort,  Dijon  and  Hescanco:i 
it  forms  one  of  the  line  of  forts  along  the 
Moselle.    Pop.  of  commune,  30,042. 

EPINAL  GLOSSARY,  a  glossary  of  Old 
Saxon  and  Anglo-Saxon,  said  to  date  from  the 
7th  century  and  preserved  at  Epinal,  France. 
Consult  the  facsimile  published  by  Sweet 
(London  1883). 

EPINASTY,  in  botany,  the  rapid  growth 
of  a  dorsiventral  organ  on  its  upper  side,  which 
causes  it  to  bend  downward  to  the  earth.  See 
Growth. 

EPINAY,  a-pe-na',  Madame  de  la  Live  d' 

(Louise  Florence  Petroniixe  TARntF.u  n'Es- 
clavkixes),  French  writer:  b.  Valenciennes 
11  March  1726:  d.  Paris,  17  April  1783.  She 
was  the  daughter  of  M.  Tardicu  Desclavclles, 
an  officer  of  high  rank,  governor  of  Valen- 
ciennes and  married  her  cousin  d'Epinay.  But 
his  extravagance  soon  compelled  her  to  separate 
from  him.  During  the  earlier  part  of  her  life 
she  formed  an  acquaintance  with  Rousseau, 
who,  quick  and  susceptible  in  all  his  feelings, 
devoted  himself  to  the  fascinating  and  accom- 
plished woman  with  an  ardor,  the  depth  and 
strength  of  which  he  describes  himself  in  his 
'Confessions.'  She  was  not  insensible  to  the 
homage  of  her  "bear,"  as  she  used  to  call  him, 
on  account  of  his  eccentricities,  and  did  all  that 
was  in  her  power  to  place  him  in  a  situation 
corresponding  to  his  wishes.  She  gave  him  a 
cottage  (the  Hermitage,  since  so  famous)  in 
her  park  of  Chcvrette.  in  the  vale  of  Mont- 
morency. Here  the  author  of  the  'Nouvcllc 
Heloisc*  passed  many  days,  rendered  happy  by 
his  romantic  attachment  to  Madame  d'Epinay; 
until  he  became  jealous  of  Baron  Grimm,  whom 
he  had  himself  introduced  to  her;  and  in  con- 
sequence of  this  feeling,  which  he  took  no  pains 
to  conceal,  a  coolness  and  finally  an  aversion 
took  place  between  him  and  the  lady,  which  is 
but  too  plainly  expressed  in  his  'Confessions.' 
A  defense  of  the  later  conduct  of  Madame 
d'Epinay  toward  Rousseau  may  be  found  in 


Digitized  by  CjOOgl 


EPIORNIS 


EPIPHANY  127 


Grimm's  'Correspondence,'  where  an  account 
is  also  given  of  some  works  written  by  her,  of 
which  the  most  celebrated  is  'Les  Conversations 
d'Emilic.'  In  this  the  authoress,  in  a  rather 
cold  but  neat  style,  sets  forth  the  principles  of 
moral  instruction  for  children,  with  equal 
elegance  and  depth  of  thought.  It  obtained,  in 
1783,  the  prize  offered  by  Monthion  (the  chan- 
cellor to  the  Count  d'Artois)  for  useful  works 
of  this  kind,  in  preference  to  the  'Adele  ct 
Theodore '  of  Madame  de  Gcnlis.  She  also 
wrote  'Lettres  a  mon  fils,'  and  'Mes  moments 
heureux.'  An  abridgment  of  her  memoirs  and 
correspondence,  showing  her  relations  with 
Duclos,  Rousseau,  Grimm,  Holbach,  Lambert, 
etc.,  appeared  in  1818.  They  give  a  true  picture 
of  the  refined  but  corrupt  manners  which  pre- 
vailed among  the  higher  classes  in  France  dur- 
ing the  government  of  Louis  XV. 
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d'Epinay  et  scs  relations  dans  la  vallee  de 
Montmorency  avec  la  sociiti  philosophiquc' 
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'La  Jeunesse  de  Madame  d'Epinnv'  (1883); 
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EPIORNIS,  or  AIPYORNIS,  an  extinct 
ratitc  bird  of  Madagascar  {JEpyornis  maxi- 
mum), interesting  not  only  for  iself,  but  because 
its  remains  appear  to  have  formed  the  basis  for 
the  Arabic  tale  of  the  gigantic  roc.  It  was 
much  like  an  ostrich  in  size  and  structure, 
except  for  the  massiveness  of  its  limbs  and  the 
extraordinary  size  of  its  eggs.  These  have  been 
found  in  considerable  numbers  in  muck-swamps, 
or  sometimes  floating  in  the  river-mouths,  often 
in  perfect  condition,  and  arc  the  largest  and 
strongest  eggs  known,  measuring  about  13 
inches  by  9>4.  These  dimensions  are  twice 
those  of  an  ostrich's  egg,  and  an  egg  of  the 
cpiornis  would  hold  the  contents  of  six  ostrich 
eggs,  yet  the  cpiornis  was  little  if  any  larger. 
First  made  known  to  science  about  1850,  so 
many  remains  have  since  been  found  that  about 
12  species  have  been  indicated,  and  a  second 
genus  (Mullrrornii),  which  has  been  joined 
with  JEpyornis  into  the  familv  JEpyomtthida. 
Tradition  and  the  evidences  of  some  bones  in- 
dicate that  these  birds  .were  exterminated  since 
human  occupation  of  Madagascar  began.  See 
Moa. 

EPIPHANIUS,  ep-1-fa'ni-iis,  Saint.  Greek 
father  of  the  Church:  b.  of  Jewish  parents 
near  Eleutheropolis,  Palestine,  about  315;  d.  at 
sea  near  Cyprus  403.  In  his  youth  he  went  to 
Egypt  where  at  first  he  came  under  the  in- 
fluence of  teachers  of  Gnosticism;  but  after- 
ward he  embraced  motiasticism,  and  returning 
to  his  own  country  there  became  head  of  a 
community  of  monks.  In  Palestine  he  made  the 
acquaintance  of  the  two  western  churchmen, 
Jerome  and  his  associate,  Ruflnus;  the  friend- 
ship of  the  three  men  was  cordial  and  intimate 
till  Rufinus'  defense  of  the  teachings  of  Origen 


angered  Epiphanius,  whose  special  mission 
seemed  to  be  to  obliterate  every  line  written  by 
Origen.  He  was  made  bishop  of  Constantia 
(the  older  name  Salamis),  in  Cyprus  367,  and 
held  that  see  till  his  death.  On  one  occasion, 
394,  he  visited  Jerusalem  to  denounce  Origen- 
ism.  He  must  have  been  more  than  80  years  old, 
perhaps  near  90,  when  he  went  to  Constanti- 
nople to  charge  the  patriarch  of  that  see,  Saint 
John  Chrysostom,  with  the  sin  of  favoring  the 
Origenists,  but  a  few  words  from  Chrysostom 
opened  his  eyes.  His  numerous  writings  are 
now  of  little  account,  his  theological  polemics 
being  distinguished  by  fervor  rather  than  by 
penetration. 

EPIPHANY,  e-pif'-anl,  (Latin  eMhania, 
appearance  or  evidence),  festival  of  the  Cath- 
olic, Anglican  and  Eastern  churches  held  on  6 
January  to  commemorate  the  manifestations  of 
Jesus  Christ  as  son  of  God;  (1)  to  the  Wise 
men  of  the  East  (Magi)  at  Bethlehem;  (2)  at 
his  baptism  by  John  in  the  Jordan,  when  the 
voice  from  heaven  proclaimed,  "Thou  art  my 
beloved  son  in  whom  I  am  well  pleased";  (3) 
at  the  marriage  feast  at  Cana  in  Galilee,  where 
Jesus  wrought  his  first  miracle.  The  observance 
of  this  festival  can  be  traced  to  an  earlier  pe- 
riod in  the  Eastern  Church  than  in  the  Western. 
In  the  Greek  Church  it  was  observed  as  early 
as  the  2d  century,  but  the  event  commemorated 
by  the  Greeks  was  not  the  visit  of  the  Magi  to 
Nazareth  but  the  manifestation  ot  Jesus  at  the 
Jordan  as  the  Messiah.  Not  till  the  4th  cen- 
tury does  the  Epiphany  appear  to  have  been  ob- 
served in  the  Latin  Church.  In  the  Greek  and 
Oriental  churches  it  is  customary  to  administer 
baptism  on  the  eve  of  this  festival,  with  un- 
wonted solemnity.  This  is  said  to  be  because 
of  the  relation  of  the  festival  to  the  baptism 
of  Jesus  by  Saint  lohn.  In  those  churches, 
too,  the  Epiphany  (Epiphancia,  Theophancia) 
was  the  festival  commemorative  of  the  birth  of 
Jesus;  for  it  was  believed  that  the  baptism  in 
the  Jordan  took  place  precisely  on  the  30th 
anniversary  of  the  birth.  A  popular  name  for 
this  festival  in  English  b  "Twelfth  Day,"  that 
is,  twelfth  day  from  Christmas.  It  is  also 
called  "Little  Christmas."  In  various  other 
languages  it  is  known  as  "Three  Kings' Day,"  or 
"Day  of  the  Kings  ™  In  the  Western  Church 
special  attention  was  paid  to  the  celebration  of 
the  adoration  of  the  Magi.  This  was  followed 
by  the  celebration  of  baptism  and  the  miracle 
of  Cana,  the  latter  being  held  on  the  succeeding 
Sunday.  In  England  special  holiday  celebra- 
tions were  held  on  the  12th  day  and  the  12th 
nipht  when  the  Christmas  festivities  closed. 
Following  the  provisions  of  the  Council  of 
Nicsca,  the  date  of  Easter  has  long  been  an- 
nounced with  great  solemnity  on  the  12th  night. 
Connected  with  the  celebration  of  Epiphany,  it 
was  the  custom  in  the  Middle  Ages  and  even 
later,  to  have  sorts  of  miracle  plays  in  the 
churches  in  order  thus  to  visualize  to  the  people 
the  events  commemorated  on  the  occasion. 
These  were  frequently  given  during  the  mass. 
Similar  dramatic  representations  of  a  still  more 
popular  character  were  given  by  the  people 
themselves  in  their  own  homes.  Performances 
of  this  nature,  though  now  generated  into 
popular  entertainment,  are  still  to  be  met  with 
in  parts  of  Germany,  Tirol,  the  mountain  dis- 
tricts of  Austria  and  occasionally  among  the 
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Christianized  Indians  and  mestizos  of  Latin 
America.  This  dramatic  representation  gen- 
erally presented  the  oblation  of  the  wise  men, 
and  fitted  it  in  so  that  it  appeared  to  form  a 
natural  part  of  the  mass.  In  the  traditions  of 
the  church  the  wise  men  were  venerated  as  the 
"Three  Holy  Kings"  after  which  the  festival 
was  itself  frequently  called,  being  variously 
designated  as  festum  trium  reaum,  feslum 
magorum,  festum  stcllac.  It  has  long  been  the 
custom  in  the  College  of  the  Propaganda  at 
Rome  for  young  men  belonging  to  various 
foreign  nations  to  represent,  by  speeches  in 
their  native  languages,  the  appearance  of  Jesus 
the  Christ  unto  all  nations. 

There  was  a  tendency  in  the  early  days  of 
the  Epiphany  to  connect  it  with  the  heathen 
spring  festival,  and  more  especially  with  the 
sacrifices  and  offerings  made  to  the  gods  of  the 
running  waters,  in  the  rivers,  the  streams  and 
the  clouds.  Some  Christian  communities  even 
followed  this  old  pagan  custom  and  blessed  the 
water,  the  rivers  and  lakes.  This  same  pagan 
custom  is  noticeable  in  the  attempts  of  certain 
sections  of  the  Christian  Church  to  make  of  the 
Epiphany  a  special  day  of  baptism,  or  as  it 
was  called  dies  luminum.  The  Franks,  who 
before  their  conversion  to  Christianity,  had 
held  special  spring  ceremonies  in  honor  of  the 
gods  of  growth  and  fertility,  seem  to  have 
been  strong  supporters  of  the  custom  of 
Epiphany  Baptisms.  This  custom  probably 
corresponded  to  a  spring  purification  ceremony 
(by  water)  common  among  the  Franks  and 
Germanic  races  in  general.  The  custom  of 
making  Epiphany  a  day  of  baptism  was  also 
strongly  clung  to  in  the  African  Christian 
Church.  The  consecrating  of  the  water  sur- 
vived the  baptismal  and  other  semi-papan  rites 
in  the  Greek  Church  and  is  still  observed  in 
Russia.  The  Church  connected  this  baptismal 
custom  with  that  of  the  baptism  of  Christ  by 
John;  but  it  seems  not  to  have  become  cus- 
tomary until  the  spread  of  Christianity  into  the 
Frankish  and  Sclave  countries  where  the 
sacrifices  and  other  ceremonies  connected  with 
the  deities  of  growth  and  fertility  were  also 
offered  to  the  gods  of  water.  In  explaining 
this  cusious  blending  of  pagan  religious  cere- 
monies and  celebrations  with  Christian  tradi- 
tionary history,  Christian  writers  have  asserted 
that  the  first  baptism  of  Christ  was,  in  a  sense, 
his  real  birth,  since  it  was  his  first  manifesta- 
tion to  man.  So  it  was  common,  in  early  Chris- 
tian centuries,  to  include  the  ceremony  of  the 
commemoration  of  the  birth  of  Christ  in  that 
of  Epiphany ;  and  it  was  only  considerably  later 
that  the  Christian  celebration  came  into  vogue. 
Thus  the  ancient  pagan  celebration  of  the  "ap- 
pearance of  the  new    birth   of    spring,"  the 

Eurification  by  water  and  the  celebrations  in 
onor  of  the  occasion,  split  into  separate  parts, 
became  two  of  the  greatest  festivals  in  the 
Christian  Church,  and  have  continued  to  main- 
tain their  position  as  such  to  the  present  day. 

It  is  probable  that  the  custom  of  presents 
from  the  wise  men  to  the  infant  Jesus  arose  out 
of  the  practice  of  presenting  offerings  to  the 
gods  of  nature  and  growth  at  the  spring  festi- 
val, and  also  of  a  similar  custom  in  vogue 
among  the  Roman  people  who  made  presents 
to  one  another  on  this  occasion.  The  fact 
that  Epi^hanv  is  one  of  the  oldest  ceremonies 
in  the  Christian  Church,  having  already  been 


established  by  the  time  of  Clement  of  Alexan- 
dria, who  lived  in  the  latter  half  of  the  2d 
and  the  early  part  of  the  3d  centuries,  would 
seem  to  indicate  that  it  was  the  survival  of 
earlier  customs  and  ceremonies;  since,  even  at 
this  early  date,  there  was  some  considerable 
speculation  as  to  its  origin.    See  Magi. 
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EPIPHYLLUM,  ep-I-fTlum,  a  genus  of 
plants  of  the  natural  order  Cactacca.  The  few 
species  seem  to  be  confined  to  Brazil,  where  they 
arc  epiphytic  upon  trees.  They  have  flat-jointed 
stems  with  blunt  ends,  from  which  the  new 
branches  and  flowers  are  produced.  These  arc 
borne  in  great  abundance,  on  which  account,  and 
because  of  their  brilliant  red  tints,  this  group  of 
cacti  is  exceptionally  popular  in  greenhouses, 
being  probably  the  most  useful  of  all  cacti. 
They  are  easily  propagated  by  means  of  cuttings 
or  by  gitifting,  particularly  upon  erect-crowing 
species  of  oiher  genera,  and  arc  generally  used 
as  hanging-basket  plants,  for  which  purpose 
their  drooping  habit  specially  recommends  them. 
They  need  a  porous,  poor,  fibrous  soil  and  little 
water.  The  species  most  widely  grown  are 
E.  truncation,  the  crab  or  Christmas  cactus, 
with  numerous  horticultural  hybrids  between  it 
and  related  species,  and  C.  Gdrtneri,  the  Easter 
cactus. 

EPIPHYSIS.    Sec  Bone. 

EPIPHYTE,  epl-fit,  or  AIR-PLANT,  a 
plant  attached  to  a  tree  or  other  support,  or- 
ganic or  inorganic,  living  or  dead,  but  from 
which  it  obtains  no  nutriment.  The  term  air- 
plant  has  been  popularly  applied  because  these 
plants  are  typically  neither  parasitic,  saprophytic 
nor  terrestrial,  but  depend  upon  the  dust  which 
lodges  around  them  and  upon  the  water  of  dew 
and  rain.  Strictly  speaking,  they  are  not  air- 
plants,  because  this  term  implies  no  other  source 
of  life  than  air.  Besides  the  typical  epiphytes, 
which  have  representatives  in  many  plant  fami- 
lies, particularly  the  tropical  orchids,  bromelias 
and  ferns,  there  are  many  forms  which  are  only 
partially  epiphytic.  In  structure  manv  of  them 
exhibit  adaptations  for  checking  transpiration 
and  for  securing  even  minute  quantities  of  water 
from  the  air  or  from  objects  to  which  they  arc 
attached.  (See  Pitchfr-pi.ants).  Others  (cer- 
tain orchids)  have  storage  organs  which  are 
usually  specialized  stems.  Some  have  roots 
which  serve  only  to  anchor  the  plants  to  their 
support.  In  these,  which  are  the  most  typical, 
the  absorption  of  food  takes  place  in  the  leaves 
and  other  green  parts.  Others  are  only  epiphytic 
at  first,  since  they  later  dcveloptruc  roots  which 
obtain  food  from  the  soil.  The  home  of  the 
largest  number  of  epiphytes  is  in  the  moist  re- 
gion covered  by  tropical  forests,  the  trees  of 
which  are  often  so  covered  with  these  plants 
that  their  branches  are  wholly  concealed  bv  a 
very  miscellaneous  growth.    In  the  temperate 
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and  colder  climates  the  epiphytal  forms  are  con- 
fined almost  wholly  to  lower  orders  of  plant  life 
such  as  liverworts,  mosses,  algae  and  lichens. 
These  are  also  represented  in  the  tropics,  some 
of  them  even  becoming  attached  to  leaves  of 
higher  plants.  Many  of  the  flowering  epiphytes 
are  cultivated  in  greenhouses  for  ornament. 
Among  the  favorites  arc  various  species  of 
Nepenthes  (q.v.),  orchids  and  bromelias.  One 
of  the  best-known  American  species,  common  in 
the  southern  United  States,  is  the  so-called 
Florida  or  Spanish  moss  (Titlandsia  usneoides) 
of  the  natural  order  Bromeliaceer. 

EPIRUS,  c-pl'rus  (meaning  the  mainland 
in  Greek),  an  ancient  part  of  northern  Greece 
which  stretched  from  the  Ionian  Sea  to  the 
Ambracian  Gulf  and  was  bounded  by  Illyria, 
Macedonia  and  Thessaly.  Epirus  is  very  moun- 
tainous, especially  so  in  the  east,  and  this  fact 
undoubtedly  helped  to  shape  the  character  of 
the  inhabitants,  who  were  of  a  bold  and  hardy 
nature  and  great  lovers  of  their  country,  which 
was  divided  into  numerous  independent  tribes, 
the  principal  of  which  were  the  Chaones,  Mo- 
lossi  and  Thesproti.  The  Greeks  began  early 
to  settle  along  the  coast  of  Epirus,  and  later,  at 
some  interior  points.  This  led  the  way  to  Greek 
domination  of  the  country  at  a  later  date.  The 
chiefs  of  the  Molossians,  the  most  powerful 
of  the  tribes  of  Epirus,  who  claimed  to  be  the 
direct  descendants  of  Pyrrhus,  the  son  of  Achil- 
les, whom  legend  credited  with  settling  the 
country  after  the  fall  of  Troy,  and  who  con- 
sequently prided  themselves  on  a  long  line  of 
princely  ancestors,  jealously  maintained  their 
ascendency  and  gradually  increased  their  power 
over  the  whole  country.  Arymbas  I  of  this 
line,  who  was  educated  in  Athens,  introduced 
Greek  culture  among  his  people  during  the 
second  quarter  of  the  5th  century  B.C.;  Arym- 
bas. a  century  and  a  half  later,  followed  in  the 
footsteps  of  his  famous  ancestor  and  namesake, 
and  sedulously  encouraged  art  and  literature. 
One  of  his  nieces,  educated  carefully  by  him 
and  married  to  Philip  II  of  Macedonia,  was  the 
mother  of  Alexander  the  Great.  A  period  of 
wars  followed  the  death  of  Arymbas  II,  in- 
terrupted from  time  to  time.  Pyrrhus,  who 
succeeded  to  the  throne  in  295  B.C.,  carried  the 
war  to  the  Romans  in  Sicily  and  Italy  for  six 
years,  and  brought  the  name  of  Epirus  promi- 
nently to  the  attention  of  the  Greek  and  Roman 
world.  Finally  Epirus  became  a  sort  of  republic 
governed  by  a  magistrate  elected  annually  by 
the  vote  of  the  assembled  people.  The  country 
unwisely  sided  with  Perseus  in  his  war  against 
the  Romans  (168  B.C.).  The  latter  exacted  a 
terrible  retribution,  making  slaves  of  150.000 
inhabitants  of  Epirus  after  having  destroyed  70 
towns  and  villages ;  and  22  years  later  the  whole 
country  became  a  political  part  of  Macedonia 
under  the  title  of  Epirus  Vetus.  On  the  fall 
of  Constantinople  (1204)  it  was  seized  by  Michel 
Angclus  Comnenus.  Later,  after  passing  through 
several  hands,  it  became  the  property  of  the 
Turks  (1430);  and  it  later  formed  part  of  the 
Turkish  Vilayet  of  Janina.  Greece  obtained 
the  part  east  of  the  river  Arta  in  1881. 

At  the  close  of  the  Balkan  War  (1912r13) 
Greece  added  a  new  province  to  her  territory 
on  her  northwest,  and  to  this  she  gave  the 
name  of  Epirus.  This  province  is  bordered  on 
the  north  by  Albania,  on  the  east  by  the  provinces 
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of  Macedonia  and  Thessaly,  and  on  the  south 
and  west  by  the  Gulf  of  Arta  and  the  Ionian 
Sea.  The  population  of  this  newly-acquired 
territory  is  between  600,000  and  700,000  and  its 
capital  is  janina,  a  city  of  25,000.  It  is  largely 
an  agricultural  country  and  among  its  chief 
products  arc  wheat  and  other  grains,  olives, 
fruits,  vegetables  and  tobacco. 

Bibliography.-  Bowen,  <  Mount  Athos. 
Thessaly  and  Epirus>  (London  1852)  :  Dumont, 
'Souvenirs  de  1'Adriatiquc  et  dc  1'Epirc'  (in 
Revue  des  deux  Slondes.  Paris  1872)  ;  Hob- 
house,  'A  Journey  through  Albania,  etc.*  (Lon- 
don 1813)  ;  Karapanos,  'Dodone  et  ses  Ruines' 
(Paris  1878)  ;  Leake,  "Travels  in  Northern 
Greece'  (London  1835)  ;  Merleker,  'Darstcllung 
des  I-andcs  und  der  Bewohner  von  Epeiros' 
(Konigsberg  1841)  ;  Skene,  'Remarkable  Lo- 
calities on  the  Coast  of  Epirus*  (in  Journal 
Royal  Geographical  Society  1848)  ;  Stuart, 
'Physical  Geography  and  Natural  Resources  of 
Epirus'  (1869);  Von  Hahn,  'Albanesische 
Studien'  (frna  1854)  ;  Wolfe,  'Observations  on 
the  Gulf  of  Arta'  (in  Journal  Royal  Geographi- 
cal Society  1834)  ;  Zompolides,  'Das  Land  und 
die  Bewohner  von  Epirus'  (Berlin  1880). 

EPISCOPACY,  that  form  of  Church  gov- 
ernment in  which  one  order  of  the  clergy  is 
superior  to  another;  as  bishops  to  priests  and 
deacons.  Much  discussion  has  taken  place  on 
the  subject  of  episcopacy-.  Nothing  conclusive 
can  be  gathered  concerning  it  in  the  New  Testa- 
ment ;  but  there  can  be  no  doubt  that  it  existed 
universally  in  the  Church  from  the  earliest  his- 
toric ages  down  to  the  time  of  the  Reformation, 
and  it  is  inferred,  as  no  change  can  be  shown 
to  have  taken  place,  that  the  same  constitution 
existed  from  the  time  of  the  apostles.  Presby- 
terians and  others  argue,  on  the  other  hand, 
that,  as  there  is  nothing  definite  concerning  it  in 
Scripture,  Christians  are  left  a  discretionary 
power  of  modeling  the  government  of  their 
Church  in  such  a  manner  as  may  seem  to  them 
most  meet;  and  that  every  Christian  society  has 
a  right  to  make  laws  for  itself,  provided  these 
laws  arc  consistent  with  charity  and  peace  and 
with  the  fundamental  doctrines  and  principles  of 
Christianity.  The  power  vested  in  the  bishops 
or  higher  clergy  differs  very  much  among  the 
different  episcopal  bodies.  The  Roman  Catholic 
and  the  Greek  Churches,  as  also  the  Church  of 
England  and  sections  of  the  Methodist  Church, 
arc  episcopalian.  See  Bishop;  Great  Britain  — 
The  Church  of  England;  Greek  Church; 
Methodist  Episcopal  Church;  Cathouc 
Church.  Roman. 

EPISCOPAL  CHURCH.  See  Great 
Britain  —  The  Church  of  England;  Metho- 
dist Episcopal  Church  ;  Protestant  Episcopal 
Church  ;  Reformed  Episcopal  Church. 

BPISCOPAL  CHURCH,  Reformed.  Sec 

Reformed  Episcopal  Church. 

EPISCOPAL  RING,  The.  Sec  Costume, 
Ecclesiastical. 

EPISCOPAL  THEOLOGICAL 
SCHOOL,  an  institution  situated  at  Cambridge, 
Mass.  It  was  established  in  1867  by  Benjamin 
Tyler  Reed,  as  a  college  for  candidates  studying 
for  the  ministry  for  the  Episcopal  Church. 
Students  holding  bachelors'  degrees  mav  obtain 
the  degree  of  B.D..  but  those  not  holding  such 
a  degree  receive  only  certificates.  The  principal 
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buildings  include  the  chapel,  the  deanery,  the 
library  and  Keed.  Burnham,  Lawrence  and 
Winthrop  halls.  The  students  number  about  60. 
The  school  is  affiliated  with  Harvard  University. 

EPISCOPIUS  (a  translation  of  Bisschop. 
his  Dutch  name),  Simon,  Dutch  theologian:  b. 
Amsterdam,  1  Jan.  1583;  d.  there,  4  Apri|  1643. 
The  religious  movement  known  as  Arminianism 
was  fostered  by  him,  and  he  was  its  leader  after 
the  death  of  Arminius  (q.v.).  He  was  edu- 
cated at  Ley  den,  whore  in  1606  he  received  his 
degree  of  M.A.  In  1610  he  was  ordained  pastor 
at  the  village  of  Blcyswyck  near  Rotterdam.  In 
1611  the  States-General,  with  the  intention  of 
putting  an  end  to  the  agitations  created  by  the 
controversies  between  the  Gomarists  or  Calvin- 
istic  party  and  the  Arminians  or  Remonstrants, 
ordered  a  conference  to  be  held  in  their  presence 
at  The  Hague  between  six  ministers  of  each 
party.  Episcopius  was  one  of  the  six  charged 
with  the  advocacy  of  Arminianism,  and  highly 
distinguished  himself  by  good  temper,  ability 
and  learning.  In  1612  the  curators  of  the  Uni- 
versity of  Leyden  appointed  him  professor  of 
theology  in  place  of  Gomar,  who  had  gone  to 
Sccland.  This  enraged  the  leaders  of  the  ortho- 
dox party,  who  accused  Episcopius  of  Socinian- 
ism  and  of  having  entered  into  an  alliance  with 
the  Roman  Catholics  for  the  destruction  of 
Protestantism.  By  this  the  fanaticism  of  the 
populace  was  roused ;  he  was  insulted  and 
abused  in  the  street,  and  on  one  occasion  nar- 
rowly escaped  being  stoned  to  death.  The  house 
of  his  brother  in  Amsterdam  was  sacked,  under 
the  pretext  that  it  was  a  rendezvous  of  the 
Remonstrants.  In  1618  occurred  the  famous 
Synod  of  Dort.  Episcopius  was  present,  with 
several  other  Arminians.  The  Calvinists,  who 
were  in  an  overwhelming  majority,  would  not 
allow  him  to  speak;  they  told  him  that  the 
synod  was  met  not  to  discuss,  but  to  judge;  and 
all  the  proceedings  exhibited  much  bigotry  and 
tyranny.  Expelled  from  the  Church  and  ban- 
ished from  the  country,  Episcopius  betook  him- 
self first  to  Antwerp,  afterward  to  Rouen  and 
Paris,  but  1626  returned  to  Rotterdam,  where 
the  odium  thtologicum  against  his  party  had 
become  less  virulent.  Here  he  married  in  1630, 
and  four  years  later  was  made  primarius  pro- 
fessor of  divinity  in  the  newly  established  col- 
lege of  the  Remonstrants.  Episcopius  held 
enlightened  principles  in  regard  to  religious 
toleration.  Not  placing  a  high  value  on  merely 
doctrinal  views,  but  trusting  rather  to  the 
efficacy  of  the  Christian  spirit  to  elevate  and 
purify  the  character,  and  seeing,  moreover,  the 
presence  of  this  spirit  in  men  holding  the  most 
conflicting  opinions  (when  not  inflamed  with 
controversial  hates),  he  was  desirous  of  a 
broader  and  more  catholic  bond  of  unity  among 
Christians  than  the  opinionative  creeds  of  his 
day  permitted.  He  wrote  'Institutes  of  Theol- 
ogy'; 'Apology';  'Confession.'  (Sec  Gom- 
ahi  s;  ARMtNirs).  Consult  Calder,  'Memoirs 
of  Simon  Kpiscopius'  (London  1838). 

EPISODE  (Lat.  cpisodium,  from  the  Gr. 

f-rrm-v.W,  epd.wdhn.  something  adventitious), 
a  separate  incident,  story  or  action  introduced 
into  the  general  narrative,  to  give  variety  or 
digression,  but  so  arranged  as  to  appear  a  part 
of  the  whole.  This  term  is  employed  bv  Aris- 
toile  in  tv  o  significations.  Sometimes  it  denotes 
tlio-e  parts  of  a  play  which  are  between  the 


choruses,  and  sometimes  an  incidental  narra- 
tive, or  digression  in  a  poem,  which  the  poet  has 
connected  with  the  main  plot,  but  which  is  not 
essential  to  it.  In  modern  times  it  has  been 
used  in  the  latter  sense  only.  With  the  best 
poets  the  episode  is  not  an  unnecessary  append- 
age, serving  merely  to  swell  the  size  of  the 
work,  but  is  closely  connected  with  the  subject, 
points  out  important  consequences  or  develops 
hidden  causes.  Of  this  kind  is  the  narrative  of 
the  destruction  of  Troy,  in  Virgil's  vtneid. 
This  was  the  cause  of  the  hero's  leaving  his 
country;  but  the  poet  docs  not  commence  with 
it  because  he  wishes  to  bring  the  plot  into  a 
narrower  space.  He  therefore  inserts  it  in  the 
course  of  the  story,  hut  so  skilfully  that  we  ex- 
pect it  in  this  very  place ;  and  it  not  only  serves 
as  a  key  to  what  has  gone  before,  but  prepares 
us  for  what  is  to  come,  namely,  the  passion  of 
Dido.  In  this  way  the  episode  becomes  an 
essential  part  of  the  whole,  as  it  must  neces- 
sarily be,  if  it  is  of  any  importance  to  preserve 
the  unity  of  the  poem.  So  with  the  talc  in 
Wicland's  'Oberon';  it  appears  incidental,  but 
explains  to  us  the  reason  of  Obcron's  singular 
interest  in  the  fate  of  Huon.  In  epic  poetry 
there  is  much  more  room  for  the  episode  than 
in  dramatic,  where  the  poem  is  confined  to  a 
present  action.  An  excellent  instance  of  the 
skilful  use  of  the  episode  in  the  modern  novel 
is  given  in  Manzoni's  'I  promcssi  sposi,'  in  the 
tale  of  the  'Nun  of  Monza.'  The  term  episode 
has  also  been  transferred  to  painting,  especially 
historic  painting,  in  a  sense  analogous  to  that 
which  it  has  in  poetry.  The  term  episode  is 
also  employed  in  music  to  designate  an  inter- 
mediate section  of  a  composition.  The  term  is 
also  applied  to  a  digressive  section,  especially 
in  contrapuntal  work,  like  a  fugue. 

EPISTATES,  in  ancient  Greece,  the  name 
generally  applied  to  an  officer  in  charge  of 
certain  functions  and  specifically  to  the  presiding 
officers  of  the  Ekklcsia  and  the  Boule  or  Senate. 

EPISTAXIS.   See  Nosebleed. 

EPISTEMOLOGY  (  '"'"l-w,  knowledge 
or  science,  and  ><'-'*'  theory  or  discourse), 
or  theory  of  knowledge,  is  an  account  of  the 
nature  of  knowledge,  treating  of  its  origin 
and  laws  of  development,  its  validity  and 
relation  to  human  experience  as  a  whole.  In- 
vestigations of  this  character  fall  within  the 
field  of  general  philosophy  and  have  usually 
been  included  under  the  heading  of  meta- 
physics. The  word  "Epistcmology"  is  said  to 
have  been  first  used  by  J.  F.  Fcrrier  in  his 
'Institutes  of  Metaphysics >  (1854).  Since  its 
general  adoption  it  has  sometimes  been  taken 
to  denote  a  field  of  inquiry  co-ordinate  with, 
and  largely  independent  of,  Metaphysics.  It 
has  been  proposed  to  keep  the  investigation  of 
the  nature  of  knowledge  distinct  from  the 
problems  regarding  the  nature  of  being,  and 
to  call  the  former  epistcmology,  and  the  latter 
metaphysics.  The  best  usage  of  the  present 
time,  however,  seems  to  retain  the  historical 
sense  of  the  term  metaphysics  as  the  name  for 
the  more  general  field  of  philosophical  inquiry 
which  embraces  both  epistcmology  and  ontol- 
ogy.  (Sec  also  articles  on  Philosophy  and 
Mkt.M'HVSICs).  Moreover,  a  logical  justi- 
fication for  this  usage  is  furnished  by  the  fact 
that  it  is  impossible  to  carry  on  the  two 
branches  of  inquiry  in  isolation.     It  must  un- 
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doubtedly  be  granted  that  for  an  ultimate 
ontology,  or  final  view  of  the  world,  it  is 
necessary  to  go  beyond  the  merely  cognitional 
aspect  of  experience  and  include  in  our  syn- 
thesis judgments  based  on  other  orders  of 
value  than  the  merely  logical.  But  it  is  at 
once  obvious  that  we  cannot  take  one  signifi- 
cant step  in  investigating  the  nature  of  reality 
without  some  criterion  of  knowledge,  Lc., 
some  theory  of  the  conditions  under  which 
reality  is  known,  and  of  what  constitutes 
truth.  It  is  perhaps  not  so  evident  that  the 
nature  of  knowledge  cannot  be  made  the  sub- 
ject of  inquiry  without  any  reference  to  meta- 
physical theory.  Indeed,  it  is  not  uncommon 
to  speak  of  epistcmology,  as  Locke  does,  as 
*a  preliminary  clearing  of  the  ground"  which 
is  to  be  completed  before  any  more  ultimate 
metaphysical  inquiries  are  to  be  undertaken,— 
if,  indeed,  these  arc  to  be  undertaken  at  all. 
But  this  way  of  conceiving  the  matter  is  quite 
misleading.  The  figures  which  compare  the 
knowing  faculty  to  an  instrument  whose  nature 
must  first  be  understood,  are  here  quite  inap- 
plicable. For  knowledge  has  no  existence  by 
itself,  or  apart  from  and  external  to  its  objects. 
What  we  want,  as  Hegel  has  observed,  "is  to 
combine  in  our  process  of  inquiry  the  action 
of  the  forms  of  thought  with  a  criticism  of 
them.  The  forms  of  thought  must  be  studied 
in  their  essential  nature  and  complete  develop- 
ment ;  they  are  at  once  the  object  of  research 
and  the  action  of  that  object.  Hence  they  ex- 
amine themselves;  in  their  own  action  they 
must  determine  their  limits  and  point  out  their 
defects.*  In  other  words,  knowledge  is  never 
a  mere  series  of  ideas  or  mental  representa- 
tions that  can  be  investigated  apart  from  its 
relation  to  objects.  In  so  far  as  it  is  knowledge 
it  refers  to  and  implies  reality.  To  investigate 
its  nature,  then,  is  at  the  same  time  to  test  its 
conclusions  regarding  the  nature  of  the  ob- 
jects with  which  it  deals.  But  even  if  one  re- 
fuses to  take  this  standpoint,  one  must  still 
admit  the  close  connection  of  epistcmology 
and  metaphysics.  For  all  theories  o-r  the  nature 
of  knowledge  are  based  implicitly  or  explicitly 
on  certain  metaphysical  assumptions  regarding 
both  the  mind  which  knows  and  its  relation 
to  the  objects  known,.  Epistcmology,  then, 
cannot  take  one  step  without  involving  the 
ontological  problems  which  some  of  its  repre- 
sentatives seek  to  avoid. 

It  is  likewise  impossible  to  distinguish 
sharply  the  discussion  of  cpistcmological  prob- 
lems from  logic.  If  a  division  can  Be  made  at 
the  present  time  it  is  only  in  degree  of  ulti- 
mateness.  It  is  possible,  though  perhaps  not 
advisable,  to  limit  the  term  "logic*  to  the 
somewhat  narrow  and  abstract  treatment 
which  takes  as  its  object  the  discovery  of  cer- 
tain correct  forms  of  thinking,  or  certain  rules 
which  arc  of  practical  value  in  testing  argu- 
ments. When,  however,  logic  breaks  away 
from  this  narrow  program,  as  has  been 
done  by  the  more  important  recent  writers, 
and  carries  on  its  inquiries  in  a  philosophical 
spirit,  it  becomes  identical  with  epistcmology. 
Epistemology,  logic,  and  metaphysics  may  thus 
be  said  to  denote  certain  main  points  of  view, 
differing  somewhat  in  the  treatment  of  various 
writers  in  emphasis  and  inclusivencss,  rather 
than  three  independent  and  isolated  sciences. 

Psychology,  as  a  natural  science,  however. 


occupies  a  different  field,  and  has  quite  a  dif- 
ferent problem  from  epistemology.  It  is  true 
that  attempts  have  frequently  been  made  to 
explain  knowledge  by  beginning  with 
tive  mental  states  viewed  as  psychological  proc- 
esses. But  the  characteristics  of  the  mental 
states  and  functions  with  which  psychology 
deals  have  no  immediate  bearing  on  the  prob- 
lem of  knowledge.  For  psychology  is  con- 
cerned only  with  the  mode  in  which  ideas  exist; 
it  investigates  their  quality,  duration,  intensity, 
etc.,  as  well  as  their  various  modes  of  com- 
bination, viewing  them  as  particular  forms  of 
psychical  reality.  Epistcmology,  on  the  other 
hand,  is  interested  not  in  the  existential  aspect 
of  ideas,  but  in  their  significance,  in  the  uni- 
versal and  objective  validity  of  experience  as 
a  body  of  truth.  It  thus  seeks  to  bring  to 
light  the  forms  and  functions  of  intelligence, 
noting  the  conditions  and  presuppositions 
under  which  it  works,  and  the  laws  by  which 
knowledge  develops  from  its  simpler  and  more 
fragmentary  stages  to  the  more  complicate 
and  cohorent  structure  of  science.  It  is  a 
philosophy  of  experience  rather  than  a  descrip- 
tion of  individual  states  of  consciousness. 

Reflection  on  the  nature  of  knowledge  does 
not  arise  until  a  somewhat  late  stage  in  the 
development  of  the  thought  of  the  individual 
and  the  race.  Thought  first  announces  its 
conclusions  confidently  and  fearlessly.  It  is 
not  until  this  naive  confidence  fails  and  scep- 
ticism arises  that  it  is  forced  to  reflect  upon 
the  nature  of  knowledge  and  its  grounds  of 
certainty.  This  is  illustrated  in  the  history 
both  of  ancient  and  of  modern  philosophy. 
The  early  Greek  philosophers,  as  Hegel  re- 
marked, thought  away  fearlessly  regarding  the 
nature  of  reality.  It  was  the  collapse  of  those 
early  systems  and  the  scepticism  o*  the 
Sophists  (q  v.)  which  forced  Socrates  to  take 
up  the  cpistcmological  problem.  In  the  same 
way  the  Stoic  and  Epicurean  discussions  re- 
garding the  canon  of  truth  arose  in  response 
to  the  more  outspoken  and  thorough-going 
scepticism  of  later  times.  In  modern  times 
the  epistemological  interest  did  not  come  into 
the  foreground  until  Locke's  'Essay.'  Locke's 
account  of  the  origin  of  this  work  brings  out 
very  clearly  the  way  in  which  problems  of  this 
character  naturally  arise:  "Five  or  six  friends 
meeting  at  my  chamber,  and  discoursing  on  a 
subject  very  remote  from  this,  found  them- 
selves quickly  at  a  stand  by  the  difficulties  that 
rose  on  every  side.  After  we  had  awhile  puz- 
zled ourselves,  without  coming  any  nearer  a 
resolution  of  those  doubts  which  perplexed 
us,  it  came  into  my  thoughts  that  we  took  a 
wrong  course,  and  that  before  we  set  our- 
selves upon  inquiries  of  that  nature,  it  was 
necessary  to  examine  our  own  abilities  and  see 
what  objects  our  understandings  were,  or  were 
not  fitted  to  deal  with  ....  Some  hasty 
and  undigested  thoughts  on  a  subject  I  had 
never  before  considered,  which  I  set  down 
atjainst  our  next  meeting,  gave  the  first  en- 
trance into  this  discourse;  ....  and  at 
last  it  was  brought  into  that  order  thou  now 
scest  it." 

Kant's  'Kritik  of  Pure  Reason*  was  the 
work  which  placed  epistemology  in  the  fore- 
ground of  continental  philosophy.  In  the  Pref- 
ace to  that  work,  he  showed  that  the  motives 
that  led  to  his  undertaking  were  very  similar 
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to  those  which  influenced  Locke.  The  scep- 
ticism of  his  time,  he  says,  uis  clearly  the 
result,  not  of  the  carelessness,  but  of  the  ma- 
tured judgment  of  an  age,  which  will  no 
longer  rest  satisfied  with  the  mere  appear- 
ance of  knowledge.  It  is,  at  the  same  time, 
a  powerful  appeal  to  reason  to  undertake 
anew  the  most  difficult  of  its  duties,  namely, 
self-knowledge,  and  to  institute  a  court  of  ap- 
peal which  should  protect  the  just  rights  of 
reason,  hut  dismiss  all  groundless  claims,  and 
should  do  this  not  by  means  of  irresponsible 
decrees,  but  according  to  the  eternal  and  un- 
alterable laws  of  reason.0  Kant  has  a  poor 
opinion  of  Locke's  account  of  knowledge,  and 
characterizes  it  as  "a  certain  physiology  of 
the  human  understanding."  He  himself  pro- 
posed to  inaugurate  a  method  of  Criticism 
which  should  give  a  new  direction  to  philo- 
sophical inquiry,  and  at  the  same  time  furnish 
to  it  a  sure  foundation  for  further  advance. 
Since  Kant's  time  epistemological  problems 
have  largely  dominated  modern  philosophy; 
and  indeed,  it  has  been  maintained  by  many 
thinkers  that  the  criticism  of  knowledge  is  the 
sole  function  which  philosophy  is  able  to  per- 
form, and  that  ontological  speculation  is  vain 
and  fruitless. 

In  the  Pre- Kantian  philosophy  Rationalism 
(q.v.)  and  Empiricism  (q.v.)  were  the  main 
types  of  epistemological  theory.  The  basis  of 
the  former  was  laid  by  Descartes  (q.v.),  who 
sought  to  universalize  the  method  of  mathe- 
matics, and  by  this  means  to  secure  the  cer- 
tainty of  absolute  demonstration  in  all  fields. 
As  mathematics  start  from  axioms  and  prin- 
ciples which  are  intuitively  certain,  and  pro- 
ceeds by  means  of  reasoning  to  deduce  all  its 
other  propositions  from  these  as  necessary 
consequences,  so  all  science  must  derive  its 
conclusions  from  fundamental  and  indemon- 
strable principles.  These  principles  exist  in 
the  mind  as  a  priori  truths,  and  arc  universal 
and  necessary  in  character.  All  science  is 
thus  built  up  by  reasoning  from  general  prin- 
ciples. Sense-perception  and  observation  of 
particular  facts  were  neglected,  since  it  was 
held  to  be  impossible  to  arrive  in  this  way  at 
the  universal  and  necessary  form  of  truth 
which  science  demands.  Tt  is  evident  that  this 
theory  of  knowledge  could  more  readily  be 
applied  to  the  general  features  of  reality  than 
to  a  determination  of  its  particular  details. 
As  in  the  hands  of  Wolff  (qv.)  and  other 
continental  rationalists  it  was  occupied  mainly 
in  furnishing  formal  proofs  of  the  existence 
of  God.  the  nature  of  the  soul,  and  the  external 
features  of  the  physical  universe.  Empiricism 
(q.v.),  on  the  other  hand,  emphasizes  sense- 
perception  as  the  basis  of  all  knowledge.  Ex- 
perience is  described  as  a  series  of  particular 
sensations  and  ideas  in  consciousness  which 
arc  given  to  the  mind  from  some  external 
source.  The  mind  itself  is  regarded  as  merely 
receptive,  without  any  store  of  innate  ideas, 
or  of  organizing  principles.  It  was  not 
strange,  then,  that  in  the  hands  of  a  genius 
like  David  Hume  (q.v.),  who  carried  this  noint 
of  view  to  its  logical  otitrome,  empiricism 
should  issue  in  scepticism.  For  if  exocrience 
is  nothinc  hut  a  series  of  ronscwi-is  states, 
each  of  which  is  "loose  rind  separate"  from  all 
the  others,  it  is  imnossiblc  to  know  anything 
except   these  particular  states  in  their  isola- 


tion; impossible,  therefore,  to  reach  any  uni- 
versal propositions  such  as  science  demands. 
Again,  if  knowledge  is  limited  to  states  of 
consciousness,  it  follows  at  once  that  there 
can  be  nothing  known  either  of  the  nature  of 
objects  or  of  the  subject  or  soul. 

Kant  (q.v.)  did  much  to  overcome  the  one- 
sidedncss  of  these  theories,  and  to  give  a  more 
adequate  account  of  the  nature  of  knowledge. 
For.  while  he  insists  that  knowledge  must 
begin  with  experience,  he  points  out  that  ex- 
perience itself  is  a  compound,  implying  both 
a  given  sense  material  and  forms  and  prin- 
ciples of  organization  on  the  part  of  the  mind. 
By  his  doctrine  that  "thoughts  without  per- 
ceptions arc  empty,  while  perceptions  without 
thoughts  are  blind,"  he  passed  beyond  the  one- 
sided views  of  both  Rationalism  and  Empiri- 
cism. By  his  transcendental  method  of  inquiry 
he  seeks  to  show  what  are  the  fundamental 
forms  and  categories  which  the  mind  employs 
in  building  up  a  coherent  and  universally 
valid  system  of  experience.  But,  in  spite  of  the 
great  reform  which  he  effected,  he  did  not 
wholly  succeed  in  reaching  an  organic  view  of 
experience.  This  was  partly  the  result  of  pre- 
supposition which  he  inherited  from  the  past, 
and  partly  due  to  his  own  tendency  to  make 
hard  and  fast  divisions  and  distinctions.  There 
always  remained  for  him  an  unresolved  dualism 
within  experience  between  the  datum  of  sense 
and  the  forms  of  thought.  Again,  thought,  as 
he  conceives  it,  does  not  pass  beyond  subjec- 
tivity and  include  in  itself  the  nature  of  its 
object,  but  is  occupied  with  bringing  order 
and  unity  into  sensations  and  mental  repre- 
sentations. Although  these  states  of  con- 
sciousness, when  thus  acted  upon  by  thought 
become  objective  in  the  sense  that  they  are 
parts  of  a  universal  and  necessary  system, 
nevertheless  they  arc  still  only  *phcnomena,* 
objects  in  the  mind,  while  the  world  of  real 
being  (the  things  in  themselves)  remain  in- 
accessible to  knowledge.  The  spirit  of  Kant's 
philosophy  undoubtedly  leads  beyond  any  such 
absolute  dualism.  But  from  Kant's  day  to  the 
present  time  this  distinction  has  appeared  the 
final  word  of  philosophy  to  many  thinkers  who 
continue  to  accept  the  presuppositions  and  cate- 
gories of  the  past  century,  and  who  fail  to  apply 
to  this  problem  the  organic  and  evolutionary 
conceptions  which  arc  now  within  their  reach. 

Modern  epistemological  investigation  may 
be  described  as  seeking  to  exhibit  the  organic 
unity  of  experience.  To  reach  this  result,  new 
theories  regarding  the  nature  of  the  mind  and 
its  relation  to  objects  arc  necessary.  In  the 
first  place,  the  conception  of  the  mind  as  made 
uo  of  a  number  of  distinct  faculties  must  give 
place  to  the  idea  of  the  mind  as  a  unitary  sys- 
tem of  functions  which  mutually  co-operate 
and  determine  each  other  in  the  progressive 
development  of  experience.  Secondly,  the 
mind  can  no  longer  be  regarded  as  a  svstem 
of  merely  subjective  functions  related  only  in 
an  external  and  accidental  way  to  the  real  world 
of  objects.  The  course  of  philosophical  dis- 
cussion has  rendered  it  evident  that  if  we  begin 
bv  defining  experience  in  terms  of  mental  proc- 
esses (lv  re  is  no  way  of  deriving  from  these 
the  vcri.l  of  objects.  If  our  epistemological 
theory  is  to  be  adequate  to  experience  as  we 
know  it,  objectivity  must  be  included  within 
it.     Thought,  that  is,  is  real  only  as  a  relation 
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to  objects;  by  itself,  and  apart  from  the  world 
of  real  objects,  it  has  no  reality.  It  is  only  by 
thus  recognizing  from  the  beginning  the  essen- 
tial relation  of  subject  and  object  that  it  is 
possible  to  exhibit  the  real  organic  unity  of 
experience  as  a  system  of  knowledge.  It  was 
Kant's  successors  in  Germany,  and  pre- 
eminently Hegel  (q.v.),  who  first  developed 
this  organic  view  of  experience.  But  partly 
on  account  of  the  form  in  which  these  systems 
were  expressed,  and  partly  as  a  result  of  the 
decline  of  philosophical  interest,  their  most 
valuable  and  characteristic  ideas  failed  for  a 
long  time  to  be  appreciated.  The  credit  of 
freeing  these  fruitful  ideas  from  the  somewhat 
obscure  and  uninviting  form  in  which  they 
were  presented  in  the  German  systems  of  a 
century  ago,  belongs  in  the  main  to  the  English 
neo-Hegelians  and  their  co-laborers  in  Amer- 
ica, among  the  latter  of  whom  a  place  of  honor 
must  be  given  to  Dr.  William  T.  Harris,  the 
late  United  States  Commissioner  of  Education. 
The  fundamental  doctrine  of  these  writers 
is  that  what  is  real  is  rational,  i.e.,  knowable 
in  terms  of  reason,  and  therefore  that  all  forms 
of  cognitive  experience  can  be  exhibited  as 
organically  interconnected  as  a  system  of  ra- 
tional ideas  or  meanings.  Conscious  experi- 
ence is  from  the  first  regarded,  not  as  a  series 
of  psychological  states,  but  as  taking  the  form 
of  a  judging  activity  whose  function  is  to  in- 
terpret and  reveal  the  nature  of  the  objective 
world.  Moreover,  knowledge  proceeds  in  its 
development  through  differentiation  and  inte- 
gration in  accordance  with  the  fundamental 
laws  of  logical  evolution.  Its  later  and  more 
highly  developed  forms  are  then  to  be  under- 
stood as  the  differentiation  and  systematization 
of  its  more  elementary  forms  and  functions. 
The  final  truth  regarding  the  nature  of  the 
real  world  must  accordingly  correspond  with 
the  ideal  of  completely  developed  and  per- 
fectly rationalized  experience.  As  representa- 
tives of  this  general  type  of  objective  Idealism 
wc  may  mention  the  late  T.  H.  Green,  Edward 
Caird,  the  late  D.  G.  Ritchie,  A.  S.  Pringlc- 
Pattison,  B.  Bosanquct,  W.  T.  Harris,  John 
Watson  and  Josiah  Royce. 

There  are,  however,  prominent  philosophical 
writers  of  the  present  day  who  employ  to 
some  extent  Hegelian  methods  and  principles 
in  dealing  with  experience,  but  who  yet  main- 
tain that  the  account  of  knowledge  in  terms 
of  reason  requires  to  be  modified  and  supple- 
mented in  various  ways.  Two  main  points  of 
view  may  be  here  mentioned,  which  have  much 
in  common,  and  which  arc  both  often  empha- 
sized by  the  same  writers.  On  the  one  hand, 
it  is  claimed  that  logical  thinking  operates 
with  universal  concepts,  and  can  therefore 
never  do  justice  to  the  individual  aspects  of 
real  objects.  Thought,  in  other  words,  is  con- 
cerned only  with  universal  relations,  and  is 
unahle  to  apprehend  the  uniqueness  and  par- 
txularity  of  real  existence;  it  gives  us  only 
descriptions  of  things  in  general  terms,  and 
has  to  receive  as  a  datum  from  another  form 
of  knowing  the  particular  facts  which  form 
its  suhject-matter.  This  latter  asnert  of  real- 
ity, it  is  maintained,  can  be  apprehended  only 
in  some  form  of  immed;ate  exnerirnce.  In 
fact,  it  is  of  ton  mamtain^d  that  logical  ex- 
perience must  both  start  from  and  nass  into 
direct  intuition  or  feeling.     In  its  beginning, 
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logical  thinking  presupposes  the  awareness  of 

objects  in  sense-perception ;  lor  it  is  claimed 
it  is  only  in  this  way  that  thought  comes  into 
contact  with  individual  things  and  gets  a  foot- 
hold in  reality.  Again,  since  the  total  system 
of  things  must  exist  in  individual  form,  the 
final  synthesis  of  knowledge  must  transcend 
logical  relations  and  be  realized,  if  it  can  be 
attained  at  all,  in  immediate  intuition  -  a  modr 
of  cognition  that  may  perhaps  be  described  as 
analogous  to  xsthctic  contemplation.  Although 
the  nco- Hegelian  writers  have  not  been  back- 
ward in  meeting  these  arguments,  and  have 
successfully  shown  the  difficulties  involved  in 
their  opponents'  antithesis  of  universal  and  in- 
dividual, of  thought  and  immediate  knowing  yet 
the  discussion  cannot  be  regarded  as  closed  at 
the  present  time. 

In  a  similar  spirit  the  function  of  will  and 
purpose  as  a  fundamental  element  in  experi- 
ence is  at  present  emphasized  in  many  quarters. 
The  intellectual  or  rationalistic  account  of 
cognitive  experience  is  maintained  to  be  in- 
adequate, since  it  abstracts  from  the  volitional 
element  which  alone  gives  to  knowledge  its 
function  and  significance.  Concrete  experience 
is  the  process  of  living,  and  living  consists 
in  the  realization  of  purposes.  So  much  may, 
I  think,  be  granted:  experience  is  essentially 
a  Ideological  process  and  must  be  interpreted 
in  terms  of  purpose.  But  purposes  are  only 
defined  and  realized  through  thought.  Prag- 
matism (q.v.)  (as  the  popular  theory  of  the 
present  day  is  called)  goes  further,  and  inter- 
prets knowledge  solely  in  its  relation  to  action. 
Knowledge  is  the  instrument  which  the  will 
employs  to  discover  the  means  whereby  prac- 
tical purposes  may  be  realized.  It  is  thus 
never  an  end  in  itself,  nor  docs  its  function 
consist  in  revealing  the  nature  of  a  reality 
beyond  experience.  The  function  of  thought 
is  to  effect  the  practical  control  of  experience, 
and  the  only  realities  which  it  can  define  are 
terms  within  experience  itself.  Its  problems 
are  set  by  the  particular  situations  and  con- 
crete demands  which  the  developing  process 
of  experience  presents.  There  is  no  intelli- 
gible problem  regarding  the  nature  of  reality 
in  general,  or  reality  that  does  not  exist  as  a 
particular  functional  element  in  concrete  ex- 
perience. Against  this  position  various  ob- 
jections have  been  urged  hy  many  writers; 
the  chief  of  which  are  (1)  that  it  does  not 
reach  a  real  organic  unity  of  experience;  (2) 
that  it  overlooks  the  fact  that  knowledge  is 
an  end  in  itself ;  (3)  that  it  is  subjective,  and 
fails  to  recognize  the  objective  and  rational 
ends  without  which  no  real  experience  can 
exist. 

At  the  present  time  perhaps  the  most  im- 
portant function  of  F.pistemology  consists  in 
a  criticism  and  evaluation  of  the  fundamental 
conceptions  and  principles  which  underlie  the 
procedure  of  the  special  sciences.  These 
sciences  set  out  from  certain  definite  assump- 
tions regarding  the  nature  of  the  phenomena 
which  they  investigate,  and  with  certain  de- 
mands which  their  method  of  investigation  has 
to  fulfill.  It  is  the  function  of  Epistemology 
to  make  explicit  the  nature  of  these  initial 
assumptions,  and  to  show  that  the  accounts 
given  hy  these  sciences  are  essentially  deter- 
mined by  the  character  of  these  assumptions. 
Instead  of  assuming  that  the  results  of  the 
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special  sciences  are  to  be  accepted  at  their 
(ace  value  as  direct  statemetits  about  the 
nature  of  reality,  both  philosophical  epistemol- 
ogists  and  workers  in  these  sciences  who  have 
reflected  on  the  problems  of  method  (as  e.g., 
E.  Mach  and  Karl  Pearson)  now  agree  that 
the  view  of  the  world  given  by  natural  science 
—  and  especially  the  mechanical  theory — is 
itself  a  logical  construction,  based  on  certain 
assumptions  which  are  necessary  to  carry  out 
the  purpose  of  the  scientific  co-ordination  and 
explanation  of  facts.  This  construction  must 
not  be  read  apart  from  the  purpose  for  which 
it  was  designed.  Indeed,  the  prevailing  tend- 
ency is  to  emphasize  the  merely  methodologi- 
cal character  of  scientific  results  to  such  an 
extent  as  to  make  them  appear  almost  arbi- 
trary and  devoid  of  any  ontological  signifi- 
cance. This  is  undoubtedly  an  extreme  posi- 
tion. It  must,  of  course,  be  admitted  that  the 
results  of  the  special  sciences  are  largely 
hypothetical  and  possess  only  relative  truth. 
But  they  are  never  mere  logical  constructions 
in  the  sense  that  they  are  entirely  divorced 
from  reality.  The  ultimate  purpose  of  science, 
as  of  all  thinking,  is  to  exhibit  the  structure 
of  the  real  world,  and  the  assumptions  and 
hypotheses  of  the  special  sciences  derive 
their  significance  and  justification  solely  from 
their  employment  as  means  for  the  accomplish- 
ment of  that  end.  In  its  task  of  criticizing 
the  assumptions  of  the  special  sciences,  then 
Epistcmology  cannot  escape  the  consideration 
of  metaphysical  problems  regarding  the  nature 
of  the  external  world  and  its  relation  to  the 
human  mind. 

Bibliography. —  The  bibliography  of  this 
subject  is  coextensive  with  that  of  general 
philosophy.  A  few  works  may  be  mentioned 
which  deal  with  the  more  recent  development 
of  the  subject:  Albee,  "The  Significance  of 
Methodological  Principles*  (in  Philosophical 
Review,  Vol.  XV,  1906)  ;  Bergson,  Henri, 
'Creative  Evolution*  (Eng.  trans.,  New  York 
1911)  ;  Creighton,  James  E.,  'Methodology  and 
Truth'  (in  Philosophical  Rexnew,  Vol.  X, 
1901);  Dcwcy,  "Studies  in  Logical  Theory' 
(Chicago  1902);  id,  'The  Influence  of  Darwin 
on  Philosophy'  (New  York  1910)  ;  James, 
♦Pragmatism'  (ib.  1907);  id.,  'The  Meaning 
of  Truth'  (ih.  1909)  ;  id.,  'Essavs  in  Radical 
Empiricism'  (ih.  1912);  'The  Will  to  Believe' 
(ib.  1909);  Ladd,  'Philosophy  of  Knowl- 
edge'; Marvin,  'The  New  Realism'  (New 
York  1912) ;  Munstcrbcrg,  'Psychology  and 
Life';  id.,  'Grundziige  der  Psychologic'; 
Ormond,  'Foundations  of  Knowledge'  (1894); 
Rickert,  'Die  Grcnzen  der  Naturwisscnschaft- 
lichcn  Begriffsbildung'  (1902);  Seth,  'Epistc- 
mology and  Metaphysics';  id.,  'Problem  of 
Epistemology'  (in  Philosophical  Review,  Vol.  I, 
1892);  Ward,  'Naturalism  and  Agnosticism.' 

James  E.  Creighton, 
Professor  of  Logic  and  Metaphysics,  Cornell 
University. 

EPISTLE  TO  ARBUTHNOT.  Pope's 
'Epistle  to  Arbuthnot'  (1734-35),  known  also 
as  'The  Prologue  to  the  Satires,'  is  quite  the 
best  thing  of  its  kind  in  English.  Characteristic 
of  the  writer  in  its  invective,  its  brilliant  wit, 
its  epigrams  and  apothegms,  and  its  incisive  and 
compressed  style,  it  is  far  more  than  any  other 
of  his  satires  a  key  to  the  character  of  the  man 


himself.  Indeed,  it  presents  an  entire  auto- 
biography in  little  more  than  400  lines.  It  is 
Pope's  apologia,  in  which  he  disproves  the  state- 
ment that  he  was  of  lowly  birth,  tells  how  and 
when  he  entered  upon  his  profession  as  poet, 
relates  his  persecution  by  literary  pretenders  and 
bores;  dwells  especially  upon  the  slanderous 
attacks  by  his  enemies;  and  draws  portraits  of 
his  enemies  and  his  friends.  The  whole  is  a 
melange  of  personal  confession  and  of  satire 
to  which  unity  is  given  only  by  the  personality 
of  the  poet  and  by  his  interest  in  himself.  So 
highly  autobiographical  and  allusive  is  the 
'Epistle'  that  a  commentator  is  needed  to  point 
out  its  full  significance.  Quite  apart  from  any 
autobiographic  clement,  however,  it  is  intrin- 
sically great  among  its  kind,  and  even  to  the 
reader  who  knows  little  of  Pope's  character  and 
disregards  the  contemporary  allusions,  is  still 
immensely  entertaining.  As  Sir  Leslie  Stephen 
has  remarked,  Pope  is  at  his  best  when  he 
expresses  personal  antipathies  and  attachments, 
when  he  is  autobiographic,  and  when  he  points 
his  morality  by  personal  and  concrete  instances. 
He  was  a  curious  mixture  of  honesty  and  hypoc- 
risy, though  often  honestly  self-deceived,  and 
certain  passages  of  the  'Epistle'  must  "be  read 
by  the  rule  of  contraries.9  Yet  there  is  no  more 
reason  to  doubt  the  sincerity  of  his  tender 
tributes  to  his  mother  and  to  his  friend 
Arbuthnot  than  his  vitriolic  lines  on  Lord  Her- 
vey (Sponw).  Though  of  various  tones,  the 
'Epistle'  is  in  the  main  bitterly  satirical.  The 
original  cause  of  the  entire  series  of  Pope's 
apologetic  satires  was  his  'Dunciad,'  which 
provoked  violent  counter  attacks.  The  immedi- 
ate cause  for  the  composition  of  the  <  Epistle, » 
however,  was  the  publication  in  1733  of  'Verses 
to  the  Imitator  of  Horace.'  which  attacked  the 
family,  the  person,  the  manners  and  the  morals 
of  the  poet,  and  in  which  Lady  Mary  Wortley 
Montague  and  Lord  Hervey  were  implicatca. 
Characteristically,  Pope  pretended  to  be  indiffer- 
ent to  the  attack,  and  in  his  "advertisement* 
asserts  that  the  'Epistle'  was  composed  long 
before  the  appearance  of  the  Mont  ague- Hervey 
volume.  The  statement  is  disingenuous,  since 
only  96  lines  (151-214,  on  Addison;  238-241,  on 
Bufo;  406-419.  on  Arbuthnot)  were  old  matter. 
These  disconnected  passages  were  pieced  to- 
gether and  over  300  lines  added  to  form  the 
brilliant  and  scathing  rejoinder  to  'Verses  to 
the  Imitator  of  Horace.' 

Dr.  Johnson  traces  the  idea  of  the  'Eristic* 
to  Boileau's  address  'A  son  esprit,'  but,  though 
Boileau's  poem  is  admirable,  Pope  far  excels  it. 
"The  sustained  dramatic  power,  the  variety  of 
the  detail,  the  richness  of  the  imagery,  the  ele- 
vation of  the  sentiment,  the  force  of  the  invec- 
tive, contrasting  so  exquisitely  with  the  pathetic 
repose  of  the  conclusion,  combine  to  place  the 
'Epistle*  beyond  reach  of  rivalry'  in  this  kind 
of  writing"  (Elwin  and  Courthope).  For  a  full 
discussion  of  the  date  of  composition,  consult 
Popes  'Works,'  (Vol.  Ill  (Poetry),  ed.  Elwin 
and  Courthope,  1881 ).  Sir  Leslie  Stephen  in  his 
life  of  Pope  in  the  'English  Men  of  Letters* 
series  makes  interesting  comments  on  the  satires. 

Marion  Tucker. 

EPISTLE    TO    AUGUSTUS.  Pope's 

'Epistle  to  Augustus'  (1737)  is  a  literary  satire 
in  imitation  of  the  epistle  which  Horace  ad- 
dressed to  the  Emperor  Augustus  (Book  II, 
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Ep.  I).  In  his  choke  of  topics  and  their  order 
Pope  follows  his  original  rather  closely,  except 
of  course  that  he  substitutes  English  literature 
for  Latin,  London  for  Rome,  and  George  U  for 
Augustus,  i'here  is  also  a  change  ot  tone,  in 
that  Horavc's  eulogy  of  Augustus  becomes  bit- 
terly ironical  when  applied  to  George  II.  Pope 
discusses  the  relative  merits  of  ancient  and  mod- 
ern English  writers,  the  theatre,  the  London 
judgment  of  poets  and  poetry,  the  progress  ot 
poetic  art  and  the  poet's  power  to  confer  dis- 
tinction upon  his  patrons.  In  effect,  the  whole 
is  a  satire  upon  George  II,  upon  unworthy 
writers,  and  upon  poor  literary  taste.  Here  and 
there  occur  passages  full  of  sound  sense  and 
excellent  literary  criticism,  expressed  with 
Pope's  characteristic  terseness  and  point  (for 
example,  lines  213-20,  on  Drydcn  and  Addison). 
The  most  celebrated  passage  in  the  'Epistle*  is 
perhaps  the  one  on  the  progress  of  English 
poetic  art  (II.  267-81),  which  states  that 


"  Drydcn  taught  to  join 
The  varying  verse,  tbe  full-resounding  line, 
The  long,  majestic  march,  and  energy  divine.' 


Though  less  frequently  quoted  than  some 
others  of  Pope's  poems,  the  'Epistle*  contains 
lines  which  have  passed  into  the  common  use, 
such  as  "The  last  and  greatest  art  —  the  art 
to  blot.» 

Marion  Tucker. 

EPISTLE  SIDE  OF  THE  ALTAR,  the 

right  side  of  the  altar,  looking  toward  it,  so 
named  because  the  epistle  of  the  day  is  read  at 
that  side.  It  is  secondary  to  the  gospel  or  left 
side,  and  on  fete  days  is  occupied  by  the  lesser 
ecclesiastical  dignitaries. 

EPISTLES,  Spurious.  See  Apocrypha. 

EPISTLES  OF  HORACE.   See  Horace. 

EPISTOL.ffi  OBSCURORUM  VIRO- 
RUM,  e-pis'td-le  6b-sku-ro'rum  vi-ro'rum  (Lat. 
■Letters  of  obscure  men"),  a  collection  of 
satirical  letters  which  appeared  in  Hagcnau, 
Germany,  in  1515-19,  and  professed  to  be  the 
composition  of  certain  ecclesiastics  and  pro- 
fessors in  Cologne  and  other  German  towns. 
They  were  addressed  to  Ortunius  Gatius  at 
Deventcr,  who  had  gained  the  ill  will  of  the 
liberals  on  account  of  his  open  hostility  to  them. 
They  are  considered  one  of  the  most  masterly 
sarcasms  in  the  history  of  literature,  and  their 
importance  is  enhanced  by  the  effect  they  had  in 
promoting  the  cause  of  the  Reformation  through 
their  attacks  upon  scholastics  and  monks.  The 
first  issue  consisted  of  41  letters;  but  others 
were  subsequently  added.  The  authorship  of  this 
satire  has  been  a  fertile  subject  of  controversy, 
but  the  major  portion  has  been  attributed  to 
Reuchlin,  Ulrich  von  Huttcn  and  Erasmus,  and 
also  to  Crotius  Rubianus.  the  great  humanist, 
who  is  said  to  have  originated  the  idea  of  the 
letters  and  the  title.  The  best  edition  is  that 
of  Bdcking,  supplementing  his  edition  of  the 
works  of  von  Hutten  (Leipzig  1864-70). 

EPISTOLER,  or  EPISTLER.  the  clergy- 
man in  the  English  Church  who  assists  the 
celebrant  in  administering  Holy  Communion,  and 
who  reads  the  epistle.  The  office  corresponds 
to  that  of  stibdeacon  in  the  Catholic  Church. 

EPISTUL^E  EX  PONTO,  four  books  of 
letters,  written  by  Ovid  during  his  exile.  They 
are  made  up  for  the  most  part  of  appeals  to 


his  friends  at  Rome  for  intercession  with  the 
emperor.  They  are  in  elegiac  metre. 

EPISTYLIUM,  or  EPISTYLE,  a  beam 
of  stone  or  wood,  used  to  span  the  space  between 
columns  or  pillars.  It  is  synonymous  with  the 
term  architrave. 

EPITAPH  (Gr.  fw«ro>oc,  epitaphios, 
funeral,  from  e*I,  epi,  upon,  and  ™»e*>c,  taphos, 
tomb),  an  inscription  upon  a  tomb.  The  earliest 
known  arc  those  upon  Egyptian  sarcophagi. 
Epitaphs  are  common  among  many  people,  and 
arose,  in  all  probability,  out  of  the  desire  to 
commemorate  the  dead.  They  were  in  use 
among  both  the  Greeks  and  Romans.  Many  of 
the  later  Greek  epitaphs  were  of  considerable 
length,  while  those  of  the  Romans  commonly 
recorded  only  brief  particulars  regarding  the 
deceased.  The  tombs  of  the  Romans  were 
placed  near  the  highways,  and  their  epitaphs 
generally  commenced  with  Sta  trialor!  (Stop, 
traveler!).  On  Christian  tombstones  epitaphs 
frequently  express  the  pious  hopes  of  survivors 
in  reference  to  the  doctrines  of  the  Christian 
faith.  In  the  catacombs  of  Rome,  which  were 
made  a  place  of  refuge  by  the  persecuted  Chris- 
tians under  the  pagan  emperors,  are  many  re- 
markable epitaphs  of  this  description.  Among 
memorable  epitaphs,  one  of  the  happiest,  is  that 
of  Sir  Christopher  Wren,  in  Saint  Pauls,  Lon- 
don, of  which  he  was  the  architect: 

Si  monummtum  quarts  ctrcumsptc* 

"  If  you  seek  (ot  his  monument,  look  about  you." 

The  following  is  the  epitaph  of  a  Roman 


Pntnum  sereatit, 
Lanom  ftcit. 
"  She  kept  the  house  and  span  the  wool." 
Sla,  rial  or:  kerotm  calces. — 
••  Traveler,  pause:  thou  treadest  upon  a  hero." 

has  been  ascribed  both  to  Montecuculi  and  to 
Gen.  Mcrci. 


Suficti  a«ic  tumulus, 
This  tomb  suffices  for  hi: 
not 


suftcrrat  arbis. — 

tbe  world  did 


was  the  epitaph  of  Alexander  the  Great. 

Count  Tcssin,  a  governor  under  Gustavus 
III  of  Sweden,  ordered  the  words 

Tandem  fdix. 
"  Happy  at  last  " 

to  be  inscribed  on  his  tomb.  The  following  is 
Sir  Isaac  Newton's  epitaph: 

Isaacum  Ntwton. 
Qmem  tmmortalrm 
T tstant ur    Tempus,  Naiura,  CaUum. 
Morlaitm  hoc  Marmot, 
Fateiur. 

"  This  marble  acknowledges    Isaac   Newton   mortal,  to 
whose  immortality  time,  nature,  and  heaven 
bvar  witness." 

Saint  Anne's  Church,  at  Cracow,  has  the  fol- 
lowing suggestive  epitaph,  dedicated  by  Count 
Sicrakowski  to  Copernicus: 

.Sla.  sol,  nt  movtare. 
"  Stand.  O  sun!  move  not." 

Many  so-called  epitaphs  are  merely  epigrams, 
never  intended  for  serious  use  as  monumental 
inscriptions.  Among  such  may  be  cited  that  of 
Piron,  on  Marshal  de  Belle-Isle,  who  was 
buried  next  to  Turenne : 

Ci-fM  It  tlorieut  a  crM/ de  la  tfcrire, 
"  Here  beside  glory  lies  the  vainglorious." 

Bibliography.—  Andrews,  'Curious  Epi- 
taphs'  (London  1883);  Armstrong,  'Autobi- 
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ographic  Elements  in  Latin  Inscriptions >  (New 
York  1910)  ;  Blommaert,  etc.,  'Inscriptions 
funeraircs  ct  momimcntales  de  la  prov.  de 
Flandre  Orient'  (Ghent  1857-60);  Brown,  J., 
'Epitaphs'  (Edinburgh  1867):  Biicheler  and 
Ricse,  'Antologia  Latina'  (Vol.  II,  Leipzig 
1869);  Chwolson,  'Achtzehn  hebriiischc  Grab- 
schriften  aus  der  Krim>  (1850)  ;  Hacket,  'Select 
and  Remarkable  Epitaphs'  (1757);  Kaibel, 
'Epigrammnta  Graeca  ex  Lapidibus  Collecta> 
(Berlin  1878)  ;  KJppax,  'Churchyard  Literature* 
(Chicago  1876)  ;  Labbc,  'Tesaurus  Epitaphi- 
orum'  (Paris  1666);  Le  Blant,  'Inscriptions 
chretiennes,  etc.'  (1856-65);  Lcwysohn,  'Sech- 
zig  Epitaphien  von  Grabstcinen'  (1855)  ;  Loar- 
ing.  'Quaint,  Elegant  and  Curious  Epitaphs' 
(1872);  Pcttigrew,  'Chronicles  of  the  Tombs' 
(1857);  Preger,  « Inscriptions  Graeca:  Metrical 
ex  Scriptoribus  prater  Antologiam  Collect*' 
(Leipzig  1891);  Pulleyn,  'Churchyard  Glean- 
ings' (1830);  Reinach,  'Traite  d'epigraphie 
grecque'  (Paris  1885);  Robinson,  'Epitaphs 
from  Cemeteries'  (1859)  ;  Thompson,  'Taedium 
vitae  in  Roman  Sepulchral  Inscriptions'  (Saint 
Louis  1911);  Tolman,  'A  Study  of  the  Sepul- 
chral Inscriptions  in  Biicheler's  Carmina  Epi- 
graphica  Latina'  (Chicago  1910) ;  Weever, 
'Ancient  Funeral  Monuments*  (1631);  Words- 
worth, 'Essay  on  Epitaphs.' 

EPITHALAMIUM,  ep^-tha-la'nu-um 
(Lat.  epithalamion,  from  the  Gr.  irrtettAafitoc, 
epiihalamios,  nuptial,  from  epi,  upon,  and 
6dXafKKt  thalamos,  a  chamber),  a  nuptial  song, 
a  poem  in  honor  of  a  newly  married  couple  or 
one  of  the  pair.  Among  the  Greeks  and  Ro- 
mans it  was  sung  by  young  men  and  maids  at 
the  door  of  the  bridal  chamber  of  a  newly-mar- 
ried couple.  It  consisted  of  praises  of  the  bride- 
groom and  bride,  with  wishes  for  their  happi- 
ness. Examples  may  be  seen  in  Theocritus' 
epithalamium  of  Helen,  and  the  three  epithala- 
mia  of  Catullus,  in  which  the  Greek  form  is 
much  modified.  Some  Roman  cpithaiamia  were 
collected  by  Wernsdorf  in  Vol.  IV  of  his 
'Poctae  Latina;  Minorcs'  (Helmstedt  1789). 

EPITHELIOMA,  a  species  of  cancer  in 
which  the  disease  attacks  the  surfaces  covered 
with  epithelium  or  epidermis.    Sec  Cancer. 

EPITHELIUM,  ep-I-thell-um,  one  of  the 
simplest  forms  of  tissue  derived  chiefly  but  not 
alone  from  the  outer  embryonic  layers  and 
characterized  by  its  non-vascularity.  It  con- 
sists of  flattened  or  columnar  cells  united  into 
continuous  membranes  by  an  intercellular  ce- 
ment substance.  Epithelium  serves  for  the 
most  part  to  protect  exposed  surfaces  of  the 
body,  and  performs  the  functions  of  absorp- 
tion, secretion  and  excretion.  The  epithelial 
tissues  arc  developed  from  all  three  layers  of 
the  developing  embryo.  They  themselves 
secrete  their  own  cement  substance.  This 
takes  on  the  form  of  thin  plates  between  the 
cells,  gluing  them  together.  Occasionally  the 
epithelial  cells  develop  short  lateral  projections 
(prickles),  forming  with  similar  structures  of 
neighboring  cells  intercellular  bridges,  between 
which  arc  intercellular  spaces  filled  with  lymph 
for  the  nourishment  of  the  cells.  Inasmuch 
as  practically  all  epithelial  cells  have  one  ex- 
posed surface  and  one  surface  lying  in  contact 
with  tissues  underneath,  the  upper  and  lower 
surfaces  show  certain  variations  of  structure. 


Occasionally  the  free  surface  develops  fine 
hairs  or  cilia.  These  are  found  in  various 
localities.  The  outer  surface  of  the  cell,  be- 
ing exposed,  develops  more  truly  animal  func- 
tions, the  inner  more  vegetative.  Blood  ves- 
sels and  lymph  vessels  do  not  penetrate,  as 
a  rule,  into  epithelial  tissues,  but  they  are  richly 
supplied  with  nerve-end  organs. 

According  to  their  shape  and  relation,  the 
epithelial  cells  are  divided  into  these  varieties: 
(1)  Simple  epithelial  cells,  with  or  without 
cilia,  comprising  (a)  squamous  epithelium;  (b) 
cubical  epithelium;  (c)  columnar  epithelium; 
(d)  pseudostratificd  columnar  epithelium.  (2) 
Stratified  epithelium,  comprising  (a)  stratified 
columnar  epithelium,  with  superficial  flattened 
cells  without  cilia;  (b)  transitional  epithelium; 
(c)  stratified  columnar  epithelium.  (3)  Glan- 
dular epithelium.    (4)  Neuro-cpithclium. 

1.  Simple  Epithelium.— This  is  that  type  in 
which  the  cells  lie  in  a  single  continuous  layer. 
This  form  is  found  lining  almost  the  entire 
alimentary  tract,  the  smaller  air-passages,  the 
majority  of  the  gland-ducts,  the  ovarian  ducts, 
the  uterus,  the  central  canal,  the  spinal  cord 
and  the  ventricles  of  the  brain.  In  (a)  simple 
squamous  epithelium  the  cells  are  flattened, 
forming  a  mosaic  with  the  nuclei  lying  in  the 
middle  of  the  cell.  It  is  found  in  the  alveoli 
of  the  lungs.  In  (b)  simple  cubical  epithelium 
the  appearance  is  that  of  short  polygonal 
prisms.  It  occurs  in  the  smaller  bronchioles 
of  the  lung,  in  certain  portions  of  the  urinifer- 
ous  tubules,  the  liver,  pancreas,  salivary  and 
mucous  glands.  In  (c)  simple  columnar  epi- 
thelium the  cells  are  pyramidal  or  prismatic. 
This  type  is  found  in  the  intestinal  tract  from 
the  cardiac  end  of  the  stomach  to  the  anus,  and 
in  certain  portions  of  the  kidney.  Ciliated 
columnar  is  found  in  the  ovarian  duct  and 
uterus,  in  the  central  canal  of  the  spinal  cord 
and  in  some  of  the  smaller  bronchi,  (d). 

2.  Stratified  Epithelium.— When  the  cells  of 
simple  epithelium  increase  to  such  an  extent 
that  layer  upon  layer  is  developed,  the  epithe- 
lium no  longer  remains  simple,  but  becomes 
stratified.  The  lower  layers  are  richly  sup- 
plied with  blood  vessels,  and  multiply  very 
rapidly,  pushing  out  the  upper  layers  that  are 
constantly  dying  and  being  cast  off.  The 
various  forms  are:  (a)  Stratified  columnar 
epithelium,  with  superficial  flattened  cells, 
forming  the  outer  covering  of  the  body,  the 
epidermis  and  its  continuations  inside  of  the 
body,  as,  for  instance,  the  walls  of  the  oesopha- 
gus, the  epithelium  of  the  conjunctiva,  the  ex- 
ternal auditory  canal,  the  sheath  of  the  hair- 
follicle^  the  walls  of  the  rectum,  the  anus  and 
the  vagina.  The  deeper  cells  are  usually  cu- 
bic-cylindrical, and  are  followed,  as  a  rule, 
by  one  or  more  layers  of  slightly  flattened 
cells,  until  finally  the  outmost  layers  become 
very  much  flattened  and  horny,  or  they  may  be 
developed  into  distinct  horn-like  substances 
such  as  that  found  in  the  nails.  (b)  Transi- 
tional epithelium,  a  type  of  stratified  epithe- 
lium found  in  the  kidney,  uterus,  urethra  and 
bladder.  It  is  somewhat  similar  to  the  stratified 
columnar  epithelium,  but  does  not  show  the 
characteristic  deep  parti lbe  in  the  basal  mem- 
brane, so  characteristic  of  the  former.  (c) 
Stratified  columnar  epithelium,  consisting  of  a 
superficial  layer  of  columnar  cells  and  deeper 
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layers  of  irregular,  triangular,  cubical  or 
spindle-shaped  cells.  This  type  is  found  in 
the  larger  duct-glands,  in  the  mucous  mem- 
brane of  the  nose,  portions  of  the  male  urethra 
and  in  parts  of  the  larynx.  Many  of  this  type 
of  cells  have  cilia,  particularly  those  found  in 
the  back  of  the  nose,  larynx,  respiratory  tract, 
larger  bronchi,  Eustachian  tube,  epididymis 
and  portions  of  the  vas  deferens. 

3.  Glandular  Epithel  um.— This  is  a  type  of 
epithelium  occasionally  found  scattered  among 
other  epithelial  cells,  and  which  shows  the  char- 
acteristic of  gland-structures.   See  Glands. 

4.  Neuro-ep:thelium.—  Neuroepithelial  cells 
are  highly  specialized  cells  in  which  special 
nerve-end  organs  are  to  be  found.  In  one 
sense  nearly  all  epithelium  is  neuro-epithelium 
since  many  nervous  receptors  are  located  in 
flat,  stratified  epithelium  and  also  both  receptors 
and  effectors  are  found  in  the  epithelium  of 
mucous  membranes.  Consult  Bailey,  'Histol- 
ogy.' 

KPITHEM,  in  botany,  a  gland  which  ex- 
cretes water,  or,  the  internal  tissue  of  a  hyda- 
thode  (q.v.). 

EPITOME,  c-prt'6-me,  a  summary  or  ab- 
stract of  any  book  or  writing;  a  compendium 
containing  the  substance  or  principal  matters  of 
a  book.  Such  digests  or  abstracts  were  common 
in  the  Middle  Ages  and  have  not  been  un- 
common even  in  modern  times,  for  instance,  the 
abridgment  of  the  French  encyclopaedia  La- 
rousse. 

EPIZOA,  in  a  general  sense,  external 
parasites,  as  contrasted  with  Entozoa,  or  in- 
ternal parasites.  These  are  not  exact  terms  in 
scientific  classification.  Among  them  are  the 
fleas,  lice,  ticks,  itch-mites  and  similar  minute 
•vermin*  infesting  man  or  beast 

In  a  more  restricted  sense  the  term  is  ap- 
plied to  the  degraded,  distorted  copepod  crus- 
taceans parasitic  upon  the  skin,  gills  and  other 
parts  of  marine  animals,  especially  fishes.  See 
Fish -lice. 

EPOCH,  or  ERA  (Gr.  ivorf,  eboche, 
epoch,  pause).  In  history,  a  fixed  point  of  time, 
commonly  selected  on  account  of  some  remark- 
able event  by  which  it  has  been  distinguished, 
and  which  is  made  the  beginning  or  determining 
point  of  a  particular  year  from  which  all  other 
years,  whether  preceding  or  ensuing,  are  com- 
puted. Some  writers  distinguish  between  the 
terms  epoch  and  era.  According  to  them,  both 
mark  important  events,  but  an  era  is  an  epoch 
which  is  chronologically  dated  from ;  an  epoch 
is  not  marked  in  this  way.  The  birth  of  Christ 
was  thus  both  an  epoch  and  an  era  from  this 
point  of  view. 

The  more  important  historical  epochs  are 
here  enumerated.  For  further  details  on  the 
mode  of  reckoning  sec  Calendar. 

The  Creation. —  The  biblical  record  of  the 
creation  has  formed  the  foundation  of  numer- 
ous chronologies.  Of  -course  the  authorities 
(Jewish  and  Christian)  on  these  various  modes 
of  reckoning  do  not  agree  as  to  the  time  signi- 
fied by  the  common  authority  for  the  event 
dated  from.  The  more  important  of  these 
epochs,  of  which  there  arc  about  140  different 
varieties,  arc  ( 1 )  The  epoch  adopted  by 
Bossuet,  Ussher  and  other  Catholic  and 
Protestant  divine*,  vhich  places  the  creation  in 
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4004  B.C.  (2)  The  Era  of  Constantinople 
(adopted  by  Russia),  5508  B.C.  The  civil  year 
begins  1  September,  the  ecclesiastical  year  about 
the  end  of  March.  (3)  The  Era  of  Antioch, 
used  till  284  a.d.,  placed  the  creation  5502  B.C. 
It  was  merged  in  the  following  year  in  (4)  The 
Era  of  Alexandria,  which  made  the  creation 
5492  b.c.  This  is  also  the  Abyssinian  Era.  (5) 
Jewish  Era.    The  common  era  of  the  Jews 

f>laces  the  creation  in  3760  b.c.  Their  year  is 
unar-solar,  that  is,  lunar  with  intercalary 
months,  forming  a  cycle  of  19  years,  of  which 
12  have  12  months  and  seven  13  months.  The 
year  thus  varies  from  353  to  385  days.  The 
civil  year  begins  with  the  new  moon  following 
the  autumn  equinox.  The  eras  dating  from  the 
creation  are  distinguished  by  the  initials  A.  M. 
Const.,  Abyss.,  etc.,  are  sometimes  added  to  dis- 
tinguish the  particular  epochs. 

Julian  Period.— This  begins  4713  B.C.  It  is 
an  arbitrary  epoch,  fixed  tor  the  purpose  of 
computing  all  dates  forward,  as  in  the  case  of 
the  creation  epochs. 

The  Olympiad* .—  The  Greeks  computed 
their  time  by  periods  of  four  years,  called 
Olympiads.  Their  year  was  lunar,  with  inter- 
calary months.  The  first  Olympiad,  being  the 
year  in  which  Corcebus  was  victor  in  the  Olym- 
pic games,  was  in  the  year  776  B.C.  The  period 
of  the  commencement  of  the  year,  which  was 
variable,  was  about  July.  The  contraction  used 
for  the  Olympic  epoch  is  Olvmph. 

The  Roman  Era  (Ab  Urbe  Condlta).—  The 
Romans  dated  from  the  supposed  era  of  the 
foundation  of  their  city(  21  April,  in  the  third 
year  of  the  sixth  Olympiad,  or  753  B.C.  (accord- 
ing to  some  authorities  752  B.C.).  This  epoch  is 
designated  by  the  initials  A.  U.  C.  The  Roman 
mode  of  computation  was  the  foundation  of 
our  modern  chronology. 

Era  of  the  Seleucides.—  Begins  1  Oct.  312 
B.C..  the  epoch  when  Sclcucus  I  (Nicator)  took 
possession  of  Babylon.  The  year  consisted  of 
365  days,  with  a  leap  year  every  fourth  year. 
This  era  is  used  in  the  book  of  Maccabees. 

Spanish  Era. —  This  dates  from  1  Jan.  38 
B.c  The  months  and  days  were  the  same  as 
those  of  the  Julian  calendar.  It  was  disused  in 
Aragon  in  1350;  in  Valencia,  1358;  in  Castile, 
1383  ;  in  Portugal,  about  1415. 

Christian  Era  — Our  mode  of  computing 
from  supposed  data  of  the  birth  of  Christ  was 
first  introduced  in  the  6th  century,  and  had  not 
been  generally  adopted  until  the  year  1000. 
Since  the  first  year  of  the  1st  century  was 
1  a.d.,  the  last  year  of  the  same  century  was 
100  a.d.  Similarly  the  year  1900  a.d.  was  the 
last  year  of  the  19th  century.  The  same  holds 
good  in  reckoning  backward.  For  particulars 
of  the  mode  of  reckoning  the  years  of  the 
Christian  era  and  the  changes  which  it  has 
undergone,  see  Calendar. 

Armenian  Era. —  This  began  7  July  552,  and 
was  superseded  by  the  Julian  era  about  1330. 
The  year  consisted  of  only  365  days. 

Mohammedan  Era,  or  Hegira. —  This  be- 
gins on  16  July  622.  The  conversion  of  the 
Mohammedan  into  Christian  chronology  causes 
more  difficulty  and  confusion  than  arises  with 
any  of  the  other  modes  of  reckoning.  The  Mo- 
hammedan year  is  purely  lunar.  It  consists  of  12 
months,  and  each  month  commences  with  the 
appearance  of  the  new  moon.    Hence  their 
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years  have  no  correspondence  with  the  recur- 
rence of  the  seasons,  and  to  know  tht  period 
when  a  Mohammedan  year  begins  it  must  be 
reckoned  from  the  beginning  of  the  era.  In 
chronology,  history,  etc.,  they  use  months  of  29 
and  30  days  alternately,  making  the  year  consist 
of  354  days.  Eleven  times  in  30  years  one  day 
is  added  to  the  last  month,  making  355  days  in 
the  year.  The  mean  length  of  the  year  is  thus 
354  1 1/30  days,  of  the  month  29  191/360,  differ- 
ing from  the  true  lunation  by  little  more  than 
three  seconds,  or  less  than  a  day  in  2,260  years. 
As  33  Mohammedan  years  amount  to  only  six 
days  (including  intercalary  days  and  leap  years) 
more  than  32  of  our  years,  by  deducting  one 
year  from  each  33  Mohammedan  years,  and  add- 
ing 621^  years,  the  year  of  the  Christian  era  will 
approximately  be  found.  The  Hcgira  is  distin- 
guished by  the  initials  A.  H. 

Persian  Era.— The  era  of  Yczdegird  III 
began  16  July  632.  The  year  consisted  of  365 
days.  It  was  reformed  in  1075  by  the  addition 
of  a  day  whenever  it  was  necessary  to  make  the 
commencement  of  the  year  occur  on  the  day  of 
the  sun's  passing  the  same  degree  of  the  ecliptic. 
The  months  have  each  30  days,  with  five  or  six 
days  intercalated.  This  era  is  still  used  by  the 
Parsces  in  India. 

Indian  Chronology.— The  best-known  eras 
computed  by  solar  time  are  the  Kaliyuga,  which 
dates  from  3,101  years  before  Christ  and  the 
Salivahana  from  77  a.d.  Both  arc  computed 
astronomically,  losing  one  day  in  60  years  by 
our  computation.  The  era  of  Vikramaditya, 
beginning  57  years  B.C.,  is  computed  by  lunar 
months,  with  intercalations  made  according  to 
astronomical  observation,  and  bringing  the  year 
up  to  365  or  366  days.  The  Bengali  year  was 
formerly  identified  with  the  Hcgira,  but  is  now 
reckoned  by  solar  computation. 

Chinese  Chronology. —  The  Chinese,  like  all 
the  nations  of  northeast  Asia,  reckon  their  time 
by  cycles  of  60  years.  Instead  of  numbering 
them  as  we  do,  they  give  a  different  name  to 
every  year  in  the  cycle.  The  Chinese  months 
are  lunar,  of  29  and  30  days  each.  Their  years 
have  ordinarily  12  months,  but  a  13th  is  added 
whenever  there  are  two  new  moons  while  the 
sun  is  in  one  of  the  zodiac.  This  will  occur 
seven  times  in  19  years.  The  boasted  knowledge 
of  the  Chinese  in  astronomy  has  not  been  suffi- 
cient to  enable  them  to  compute  their  time  cor- 
rectly. The  first  cycle,  according  to  Roman 
Catholic  missionaries,  began  February  2397  bc 
To  find  out  the  Chinese  time  multiply  the 
elapsed  cycle  by  60  and  n^d  the  odd  years ;  then 
if  the  time  be  before  Christ  subtract  the  sum 
from  2,398;  but  if  after  Christ,  subtract  2,397 
from  it;  the  remainder  will  be  the  year  re- 
quired. 

Primitive  American  Chronology.—  The  na- 
tives of  America,  previous  to  its  discovery  by 
Europeans,  particularly  the  Peruvians  and 
Mexicans,  appear  to  have  had  a  considerable 
acquaintance  with  astronomy  and  to  have  reck- 
oned their  time  with  great  care.  The  Mexican 
year  consisted  of  365  days,  composed  of  18 
months  of  20  davs  and  five  added  days.  At  the 
end  of  a  cycle  of  52  years  12  and  13  days  were 
added  alternately,  making  the  mean  year  very 
near  the  truth. 

In  geology,  according  to  United  States  Geo- 
logical Survey  usage,  a  subdivision  of  a  period 
of  geologic  time,  the  period  in  turn  being  a 


subdivision  of  an  era,  the  largest  time  unit  in 
use.  The  rocks  laid  down  during  an  epoch  are 
usually  known  as  a  scries,  this  term  being  used 
as  a  subdivision  of  a  system,  the  latter  being  the 
rocks  laid  down  during  a  period.  The  Cambrian 
(q.v.)  period  is  usually  divided  into  three 
epochs,  Georgian,  Acadian  and  Saratogan,  and 
the  Cambrian  system  into  three  corresponding 
series  of  rocks  known  by  the  same  names. 
Other  periods  are  also  divided  into  epochs.  The 
Eocene,  Oligjoccne,  Miocene  and  Pliocene  are 
sometimes  given -the  rank  of  periods,  but  are 
now  generally  considered  to  be  epochs  of  the 
Tertiary  period.  While  periods  are  divisions  the 
nomenclature  of  which  is  fairly  well  standard- 
ized the  world  over,  epochs  arc  not  so  constant, 
and  go  by  various  names  in  various  lands.  Sec 
Cambrian;  Ortovician;  Eocene,  etc. 

In  astronomy,  epoch  is  the  longitude  which 
a  planet  has  at  any  given  moment  of  time.  To 
predict  this  for  any  future  period  the  longitude 
at  a  certain  instant  in  the  past  must  be  known ; 
that  instant  is  termed  the  epoch  of  the  planet. 

EPODE  (Lat.  efiodus,  Gr.  epddus,  an  after 
song  or  epodc).  In  Greek  choral  poetry  the 
term  is  used  of  an  ode  succeeding  a  strophe 
and  antistrophe.  or  a  series  of  strophes  and  anti- 
strophes.  The  name  was  also  given  by  gram- 
marians to  any  poem  the  material  unit  of  which 
is  a  distich  consisting  of  a  long,  followed  by  a 
short  verse.  In  this  sense  it  was  especially  used 
by  the  iambic  trimeter  followed  by  the  iambic 
dimeter,  as  in  Epodcs  1-10  of  Horace.  In 
music  the  term  epode  is  used  to  signify  a  bur- 
den or  refrain. 

EPOMEO,  a-po'ma-6,  a  volcano,  on  the 
island  of  Ischia,  Italy,  15  miles  south  by  west  of 
Naples.  It  has  an  elevation  of  2,588  feet  and 
commands  a  fine  panoramic  view  of  the  coast 
with  the  famous  bay  of  Naples.  Terrific  erup- 
tions have  marked  its  history;  one  in  474  bc 
caused  most  of  the  inhabitants  to  flee  from  the 
island  In  1302  occurred  the  last  great  up- 
heaval. The  mountain  is  sometimes  known  as 
Mount  San  Nicola,  from  the  San  Nicola  Her- 
mitage near  the  summit.  The  mount  is  men- 
tioned in  Virgil's  <^neid,»  IX,  716. 

EPONA,  the  goddess  of  stables,  asses,  mules 
and  horses.  She  was  at  first  exclusively  wor- 
shipped in  Gaul  but  the  cult  spread  to  Rome 
in  the  1st  century  of  our  era.  Inscriptions  to 
her  have  been  uncovered  in  France,  Germany, 
the  Dobrudia  and  Italy.  Consult  Wissowa,  'Re- 
ligion und  Kultus  dcr  Rdmcr'  (2d  cd.,  Munich 
1912). 

EPONYM,  cp'6-nim,  a  mythical  personage 
created  to  account  for  the  name  of  a  tribe  or  peo- 
ple; thus  Tros  is  the  eponymous  hero  of  Troy; 
Italus  was  assumed  as  ancestor  of  the  Italians; 
Romulus  of  the  Romans.  It  is  also  more 
generally  used  in  the  sense  of  names  of  people, 
places  and  periods  derived  from  those  of  per- 
sons. Thus  Bolivia  is  derived  from  Bolivar. 
Hearn,  in  his  'Aryan  Household,'  declares  that 
"wherever  there  was  a  clan  there  was  an 
eponvm  or  founder,  whether  real  or  legendary, 
of  that  clan  *  Bv  extension  the  term  is  also 
applied  to  the  name  of  something,  as  a  part  or 
organ  of  the  body  derived  from  a  person,  as  the 
fissure  of  Sylvius. 

EPONYMUS,  an  adjective  of  Greek  origin 
and  meaning  usually  the  giving  of  a  name  to 
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person  or  thing.  In  ancient  Greece  it 
was  especially  applied  to  the  cphor.  from  whom 
the  year  was  named.  Tribes  and  cities  usually 
traced  their  origin  to  some  cponymus  ancestor, 
generally  a  national  hero.  Thus  Tros  is  the 
eponymous  hero  of  Troy,  Italus  of  the  Italians, 
etc. 

EPOREDIA.  SccIvrea. 
EPOS.   See  Narrative 

EPPES,  John  Wayles,  American  states- 
man: b.  Virginia  1773;  d.  near  Richmond,  Va., 
20  Sept.  1823.  He  received  an  academic  educa- 
tion, and  after  studying  law  was  admitted  to 
the  bar  and  began  practice  in  Richmond.  In 
1803  he  was  elected  as  a  Democrat  to  the 
House  of  Representatives  at  Washington,  and 
with  successive  re-elections  served  continuously 
from  17  Oct  1803  to  3  March  1811.  Later  he 
was  elected  to  the  13th  Congress  and  served 
from  24  May  1813  to  3  March  1815.  He  was 
chosen  United  States  Senator  in  1817,  but  re- 
signed the  office  two  years  afterward  on  ac- 
count of  failing  health  and  retired  to  his  es- 
tates In  Chesterfield  County.  He  married 
Maria,  the  daughter  of  Thomas  Jefferson,  who 
died  at  Monticcllo  in  April  1804. 

EPPING,  England,  market  town,  in  Essex, 
17  miles  from  London  and  in  the  midst  of  the 
forest  to  which  it  gives  name.  This  ancient 
royal  forest,  once  a  part  of  Waltham  forest, 
and  all  much  larger  than  at  present,  has  an 
area  of  6,000  acres  and  presents  some  fine  wood- 
land scenery.  It  was  secured  to  the  nation  by 
legislative  enactment  and  was  opened  by  Queen 
Victoria  in  1882  as  a  public  recreation  ground. 
The  town  consists  of  a  single  broad  street  on 
a  ridge  of  hills.   Pop.  4,253. 

EPPING  FOREST.   See  Epping. 

EPSOM,  England,  market  town  in  the 
county  of  Surrey,  14  miles  southwest  of  the 
heart  of  London.  Epsom  was  formerly  cele- 
brated for  a  mineral  spring,  from  the  water  of 
which  the  well-known  Epsom  salts  were  manu- 
factured. A  number  of  the  sons  of  medical 
men  are  educated  at  the  Royal  Medical  Col- 
lege, and  adjoining  the  school  is  a  home  for 
aged  physicians  or  their  widows.  The  prin- 
cipal attraction  Epsom  can  now  boast  of  is  the 
grand  race-meeting  held  on  the  Downs,  which 
is  attended  by  hundreds  of  thousands  of  per- 
sons. The  races  begin  on  Tuesday  and  continue 
to  the  end  of  the  week  preceding  Whitsuntide ; 
the  Derby  stakes  are  run  for  on  Wednesday, 
which  is  the  principal  day,  and  the  Oaks  on 
Friday.  There  is  also  racing  on  two  days 
earlier  in  the  season ;  the  town  being  otherwise 
characterized  as  "a  dull  little  place  for  50 
weeks  in  the  year."  Epsom  gives  name  to  one 
of  the  parliamentary  divisions  of  the  county. 
Pop.  19,156. 

EPSOM  SALT,  a  hydrous  sulphate  of  mag- 
nesium, having  the  formula  MgSO.  +  7Hj0. 
It  occurs  abundantly  in  nature  and  takes  its 
name  from  its  occurrence,  in  dissolved  form, 
in  a  mineral  spring  at  Epsom.  England.  It  may 
be  prepared  also  from  dolomite,  by  decomposing 
the  mineral  by  the  addition  of  sulphuric  acid. 
Epsom  salt,  proper,  is  known  to  the  mineralo- 
gist as  epsomite,  and  more  popularly  as  hair- 
salt,  from  the  delicate  fibrous  efflorescent  de- 
posits in  which  it  often  occurs  on  the  walls  of 
mines,  quarries  and  caves.    Epsomite  crystal- 


lizes in  the  orthorhombic  svstcm,  and  large 
quantities  of  it  are  found  in  the  limestone  caves 
of  Kentucky,  Tennessee  and  Indiana,  mingled 
with  earthy  matter.  In  the  Mammoth  Cave  it 
occurs  in  loose  masses  suggestive  of  snowballs, 
adhering  to  the  roof  and  walls.  An  allied  min- 
eral known  as  kiescrite,  which  has  the  composi- 
tion MgSO«+HtO,  and  occurs  abundantly  at 
Stassfurt,  is  largely  used  as  a  source  of  epsom 
salt.  Magnesium  sulphate  is  used  as  a  fertilizer, 
as  a  raw  material  for  the  manufacture  of  the 
sulphates  of  sodium  and  potassium  and  in  siz- 
ing and  dyeing  cotton  goods.  The  epsom  salt 
is  also  extensively  used  as  a  purgative,  in  medi- 
cine. 

EPSOMITE,  natural  magnesium  sulphate 
of  the  same  composition  as  Epsom  salt 
(MgSO,+7H,0).  It  has  a  bitter  saline  taste 
and  is  found  in  fibrous  crusts  in  white  botry- 
oidal  lumps. 

EPSTEIN,  Jacob,  English  sculptor:  b.  New 
York.  1880.  He  is  of  Polish-Prussian  descent, 
made  his  studies  under  Rodin  at  Paris  and  set- 
tled in  London.  He  was  commissioned  to  exe- 
cute 18  figures  to  decorate  the  new  building  of 
the  British  Medical  Association  in  1907-08.  The 
work  when  finished  was  attacked  by  newspapers 
and  various  religious  bodies,  but  was  defended 
by  the  Times,  Herbert  Gladstone.  Sir  Martin 
Conway  and  others.  Epstein  was  also  com- 
missioned to  execute  the  tomb  of  Oscar  Wilde 
in  Pere  Lachaise  Cemetery,  Paris,  which  he 
completed  in  1909.  He  also  decorated  Church 
Square,  facing  the  government  buildings, 
Pretoria,  Transvaal.  His  art  is  intensely  real- 
istic and  is  a  protest  against  the  conventional 
imitation  of  the  Greek. 

EPULIS.  See  Mouth. 

EPWORTH  LEAGUE,  a  society  of  young 
people  of  the  Methodist  Episcopal  Church; 
formed  15  May  1889  in  Cleveland,  Ohio,  by  the 
union  of  five  societies  affiliated  with  the  Meth- 
odist Church.  It  adopted  as  its  motto:  "Look 
up,  Lift  up.™  and  its  declared  object  is  to  "pro- 
mote intelligent  and  loyal  piety  in  the  young 
members  and  friends  of  the  Church;  to  aid 
them  in  the  attainment  of  purity  of  heart  and 
constant  growth  in  grace,  and  to  train  them  in 
works  of  mercy  and  help."  The  following 
pledge  is  required  of  its  members:  "I  will 
earnestly  seek  for  myself,  and  do  what  I  can  to 
help  others  to  attain,  the  highest  New  Testa- 
ment standard  of  experience  and  life.  I  will 
abstain  from  all  forms  of  worldly  amusement 
forbidden  by  the  discipline  of  the  Methodist 
Episcopal  Church,  and  I  will  attend,  as  far  as 
possible,  the  religious  meetings  of  the  chapter 
and  the  Church,  and  take  some  active  part  in 
them*  The  league  exists  in  both  the  Northern 
and  Southern  branches  of  the  Methodist  Eois- 
copal  denomination  and  also  in  the  Methodist 
Church  of  Canada.  The  league  is  governed 
by  a  board  of  control,  partly  appointed  by  the 
bishops  and  partly  elected  by  the  General  Con- 
ference districts,  one  member  for  each  district; 
represented  by  an  executive  cabinet,  consisting 
of  a  president,  four  vice-presidents,  general 
secretary,  general  treasurer  and  an  assist- 
ant treasurer.  The  league  has  grown  rap- 
idly, extending  to  foreign  lands,  and  there  arc 
chapters  in  India,  Mexico,  South  America,  Italy, 
Norway,  Swedent  Denmark.  Finland,  China, 
Japan  and  Hawaii.    There  are  in  the  league 
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about  30,000  chapters  and  over  2,000,000  mem- 
bers. Its  official  organ  is  the  Epuorth  Herald, 
published  in  Chicago,  which  has  a  circulation 
of  over  100.000.  Consult  Bacon  and  Northrop, 
<Young  People's  Societies'  (New  York  1900)  ; 
<The  Methodist  Year  Book*;  Brummctt,  <Ep- 
worth  League  Methods'  (New  York  1906). 

EQUAL  RIGHTS  PARTY,  in  1835.  See 

LOCOFOCOS. 

EQUAL  RIGHTS  PARTY,  in  1884.  Belva 
Lockwood  nominated  herself  for  the  presidency, 
on  a  platform  of  Woman  Suffrage;  and  gave 
her  voters  this  title. 

EQUALITY  BEFORE  THE  LAW,  a 

fundamental  of  civil  liberty,  in  which  the  equal- 
ity of  all  men  to  receive  the  protection  afforded 
by  law  is  assumed.  The  guaranty  of  liberty  and 
equal  privilege  to  all  freemen  was  embodied  in 
Magna  Charta  (q.v.)  in  1215,  and  in  the  Decla- 
ration of  Independence  the  equality  of  all  men 
with  unalienable  rights  was  emphasized.  The 
equal  protection  of  the  laws  excludes  any  dis- 
tinction between  individuals,  invidious  dis- 
crimination, and  class  legislation  not  founded 
on  legal  or  reasonable  distinctive  grounds.  Sec 
Due  Process  of  Law;  Common  Law. 

EQUATION,  a  term  based  on  the  idea  of 
equality,  in  general  use  throughout  the  various 
branches  of  calculus.  (I)  In  mathematics  it  is 
the  statement  in  algebraic  expressions  of  th< 
identity  of  two  or  other  mathematical  expres- 
sions. The  assertion  of  equality  is  made  by 
writing  the  sign=(read  "is  equal  to*  or 
"equals8)  between  the  expressions.  Thus: 
5j-  +  7  =  32,  and  ax*  +  bx  +  c  =  0,  are  equa- 
tions, each  of  which  indicates  the  equality  of 
the  quantity  written  on  the  left  of  the  sign  (=) 
to  that  written  on  the  right  of  the  sign.  Usu- 
ally the  object  of  writing  down  an  algebraic 
equation  is  to  express  in  symbols  known  rela- 
tions between  given  and  unknown  quantities,  so 
that  by  algebraic  processes  the  latter  may  be 
determined  in  terms  of  the  former.  Such  equa- 
tions are  designated  conditional,  while  equa- 
tions which  are  true  for  all  values  of  the  vari- 
ables they  involve  or  which  involve  no  variables, 
are  called  identities.  (See  Algebra,  Defini- 
tions and  Fundamental  Concepts).  (2)  In 
astronomy,  is  the  correction  by  addition  to  or 
subtraction  from  the  mean  motion  of  any 
heavenly  body  in  order  to  determine  its  true 
place  at  any  given  time.  The  angular  motion  of 
a  planet  around  the  sun  will  not  be  uniform  if 
its  orbit  is  not  circular,  regardless  of  any  per- 
turbations. Furthermore,  the  mutual  attraction 
among  the  planets  renders  each  one  capable  of 
producing  a  perturbation  in  the  orbits  of  all 
the  others.  An  equation  is  required  for  even' 
such  perturbation  before  it  is  possible  to  calcu- 
late accurately  the  course  of  the  planet.  Thus 

we  have  the  equation  of  the  centre,  a  quantity 
to  be  added  to  or  subtracted  from  the  anomaly, 
in  order  to  determine  the  true  posit'on  of  a 
heavenly  body  For  instance,  let  the  curve 
t  c  f  represent  the  earths  orbit  (which  is  an 


ellipse),  e  f  the  line  of  the  aspides,  and  a  the 
position  of  the  sun.  When  the  earth  is  in  any 
position  as  c,  the  line  a  c  drawn  from  the  sun 
to  the  planet  is  the  radius  vector,  then  will  the 
angle  c  a  f  be  the  anomaly,  or  the  angular 
distance  from  the  perihelion.  Were  the  earth's 
angular  motion  uniform  the  increase  or  de- 
crease of  this  angle  would  be  equal  in  equal 
times,  and  the  mean  anomaly  would  be  the  true 
anomaly;  but  the  earth's  motion  is  retarded  as 
it  advances  from  K  to  c,  is  slowest  at  e,  and  is 
accelerated  from  that  point,  the  aphelion, 
through  the  other  half  of  its  orbit  till  it  arrives 
at  f  the  perihelion.  The  quantity  to  be  added 
to  the  mean  angular  motion,  during  one  por- 
tion of  the  orbit,  or  subtracted  from  it  in  the 
other,  in  order  to  find  that  true  anomaly,  is 
called  the  equation  of  the  centre.  (3)  In 
chemistry,  is  a  collection  of  symbols  to  denote 
that  two  or  more  definite  bodies  —  simple  or 
compound  —  have  been  brought  within  the 
sphere  of  chemical  action,  that  a  reaction  has 
taken  place,  and  that  new  bodies  are  produced. 
It  is  called  an  equation  because  the  total  weight 
of  the  substances  concerned  remains  the  same. 
Equations  may  also  involve  the  energy  con- 
sumed or  given  off  in  a  reaction.  See  Chem- 
istry. 

EQUATION,  Personal,  an  important  cor- 
rection that  must  be  considered  in  connection 
with  refined  measurements  in  astronomy  and 
physics,  and  which  originates  in  the  fact  that 
no  two  observers  agree  precisely  as  to  the  in- 
stant at  which  a  phenomenon  occurs,  nor  as  to 
the  setting  of  a  micrometer-wire  so  as  to  bisect 
a  division  mark  on  a  scale.  Differences  of  this 
sort  arc  exceedingly  irregular  among  inexperi- 
enced observers,  but  among  the  more  experi- 
enced ones  the  regularity,  while  not  absolute, 
is  strongly  marked.  In  some  kinds  of  work 
the  personal  equation  of  the  observer  can  be 
eliminated  by  the  method  in  which  the  observa- 
tions are  made.  Thus  in  the  determination 
of  differences  of  longitude  by  telegraphic  mrth' 
ods,  it  is  usual  to  eliminate  the  effect  of  per- 
sonal error  from  the  final  result  by  having  the 
observers  change  places  when  the  work  is  half 
done;  so  that  if  the  difference  of  longitude  as 
determined  by  the  first  half  of  the  work  was 
too  larpe.  that  determined  during  the  second 
half  will  be  too  small  by  an  equal  amount,  and 
the  effect  of  personal  equation  will  disappear 
from  the  final  mean.  In  other  cases  it  is  im- 
possible to  eliminate  the  effects  of  personal 
error  in  any  such  way,  and  in  these  cases  the 
attempt  is  often  made  to  determine  the  magni- 
tude of  the  personal  equation,  and  apply  the 
proper  correction  to  the  results  as  directly  ob- 
served. Thus  Otto  Struve,  in  connection  with 
his  measurements  on  double  stars,  had  artificial 
double  stars  constructed,  upon  which  he  made 
regular  observations  for  the  purpose  of  study- 
ing his  personal  equation  in  such  work,  and  he 
applied  to  his  results  for  the  genuine  stars,  a 
series  of  corrections  deduced  in  this  way. 
When  the  thing  to  be  measured  is  an  interval 
of  some  kind,  the  personal  equation  can  usually 
be  neglected,  provided  the  same  observer  makes 
all  the  measures.  For  example,  in  determining 
the  length  of  a  bar,  the  reading  of  the  mi- 
crometers will  be  in  error  (so  far  as  the  per- 
sonal equation  is  concerned)  by  the  same 
amount  at  both  ends  of  the  bar,  and  hence  the 
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difference  of  these  readings ;  or,  in  other  words, 
the  observed  length  of  the  bar  will  be  independ- 
ent of  the  observer's  personal  equation. 

EQUATIONS,  Differential.  1.  Introduc- 
tion.—  The  invention  of  the  calculus,  made 
necessary  by  the  demands  of  natural  science, 
was  followed  immediately  by  the  most  brilliant 
applications.  The  names  of  Newton,  Leibnitz, 
Euler,  Lagrange  and  Laplace  are  attached  to 
the  principal  discoveries  of  this  period,  whose 
importance  from  a  scientific  and  philosophical 
point  of  view  can  hardly  be  overestimated. 
A  simple  example  will  suffice  to  explain  the 
ruling  idea  of  this  epoch.  From  the  observ- 
ations of  Tycho  Brahe,  Kepler  had  obtained 
the  laws  of  planetary  motion  still  known  by 
his  name.  Newton  had  shown  that  Kepler's 
laws  were  but  a  consequence  of  the  laws  of 
universal  gravitation,  which  assumes  that  every 
particle  in  the  universe  acts  upon  every  other 
according  to  a  definite  law.  The  effect  of 
Newton's  law  upon  a  system  of  moving  bodies 
can  be  formulated  in  mathematical  symbols 
without  any  difficulty.  This  formulation  gives 
rise  to  a  system  of  equations  involving  the  co- 
ordinates of  the  moving  bodies  and  their 
accelerations  i.e.,  the  second  derivatives  of 
these  co-ordinates  with  respect  to  the  time. 
The  problem  of  expressing  the  co-ordinates  as 
functions  of  the  time,  i.e.,  the  problem  of 
integrating  this  system  of  differential  equations, 
was  solved  by  Newton  for  the  case  of  two 
mutually  attracting  bodies,  and  its  solution  is 
given  precisely  by  Kepler's  laws.  Newton  him- 
self and  his  successors,  especially  Laplace  and 
Lagrange,  studied  the  further  consequences  of 
the  law  of  gravitation  as  applied  to  the  solar 
system.  The  accord  between  the  theory  and  ob- 
servation became  closer  and  closer,  so  that  it 
was  reasonable  to  suppose  that  the  true  law  of 
nature  had  been  found.  Gradually  other 
branches  of  physical  science  were  treated  in  a 
similar  way.  In  all  cases,  the  fundamental 
laws  being  assumed,  the  mathematical  formula- 
tion of  the  problems  led  to  the  question  of 
integrating  differential  equations.  It  should  be 
noted  that,  although  in  some  cases  this  method 
of  arriving  at  the  formulation  of  the  physical 
problems  has  now  been  abandoned,  differential 
equations  are  now,  more  than  ever,  used  as 
the  expressions  for  the  fundamental  phenom- 
ena in  physical  science.  For  the  applications 
of  mathematics  there  is  no  field  so  important 
as  the  theory  of  differential  equations.  That 
the  whole  world  is  a  mathematical  problem 
was  the  point  of  view  gained  by  Laplace,  an 
insight  gained  in  a  different  way  also  by  Leib- 
nitz and  Soinoza.  But  the  mathematician  is 
more  specific;  we  learn  from  him  that  this 
world-problem  belongs  to  the  domain  of  the 
theory  of  differential  equations.  Even  if  the 
deta'fs  of  the  picture  have  changed,  the  formu- 
lation of  this  general  idea  is  one  of  the  posi- 
tive achievements  of  the  philosophical  thought 
of  the  18th  century. 

Ordinary  Differential  Equations;  Elemen- 
tary Theory. —  Let  y  be  determined  as  a 
function  of  x  by  means  of  an  equation, 
(1)  9(x.y.a)  =  0. 

which  involves  an  arbitrary  constant  a.  If  x 
and  y  be  interpreted  as  the  co-ordinates  of  a 
point  in  the  plane,  equation  (1)  represents  a 
family  of  curves,  one  curve  for  each  value  of  a. 


By  differentiation  we  find,  from  (1), 
(2) 


dx  ^  dydx~ 


Between  these  two  equations  a  may  be  elimi- 
nated; the  result  will  be  an  equation  of  the 
form 


(3) 


free  from  a.  Equation  (3)  is  a  differential 
equation.  Since  it  docs  not  contain  the  con- 
stant a  it  gives  the  expression  of  a  property 
which  is  common  to  all  of  the  curves  of  the 
family  (1).  The  main  object  of  the  theory 
of  differential  equations  is  to  invert  the  proc- 
ess which  we  have  just  carried  out,  i.e.,  the 
equation  (3)  being  given,  the  equation  (1) 
involving  an  arbitrary  constant,  from  which 
(3)  may  be  derived  by  differentiation,  is  to  be 
found.  This  process  is  known  as  the  integra- 
tion of  the  differential  equation. 

In  general  let  there  be  given  an  equation  of 
the  form 

/       dy  d*y         <f»v\  . 

between  xt  the  function  y  of  x  and  its  deriva- 
tives up  to  the  nth  order;  it  is  called  an  ordi- 
nary differential  equation  of  the  nth  order.  The 
adjective  ordinary  implies  that  y  is  considered  as 
a  function  of  only  one  independent  variable  x. 
Under  certain  restrictions  as  to  the  continuity 
of  the  function  /  (a  question  to  which  we  shall 
recur  later),  it  may  be  shown  that  there  exists 
a  function  y  of  x  and  of  n  arbitrary  constants 
which  satisfies  the  differential  equation;  it  is 
known  as  the  general  integral  of  the  differential 
equation;  the  determination  of  this  function  is 
the  object  of  the  theory  of  differential  equations. 
The  equation  is  then  said  to  have  been  inte- 
grated. 

The  simplest  case  of  such  a  differential  equa- 
tion presented  itself  in  the  problem  of  finding 
the  area  included  between  a  curve  y*=f(x),  the 
jr-axis,  and  two  ordinates  erected  for  x  =  fl  and 
x  —  x.  The  differential  equation  satisfied  by 
the  area  *  considered  as  function  of  x  is 

dx=fix)' 
and  the  area  itself  becomes 


x)dx. 


This  simple  case  served  as  a  model  for  the 
earlier  investigators  in  this  field.  Confining 
ourselves  for  the  moment  to  equations  of  the 
first  order,  it  may  be  possible  to  reduce  such 
an  equation  to  the  form 

R[x)+S(y)  °* 
where  R(x)  is  a  function  of  x,  and  5"(y)  a 
function  of  y  alone.   The  variables  are  then 


said  to  be  separated,  and  we  may  write 

/dx        f  rfv  _ 
R(x)+J  R<y)-C' 

where  e  is  an  arbitrary  constant.  Owing  to 
the  fart,  which  has  just  been  mentioned,  that 
the  problem  of  areas  is  solved  by  the 


putation  of  an  integral  of  the  form  j  J(x)dx, 
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such  an  integration  is  known  as  a  quadrature. 
If  the  variables  can  be  separated,  the  differ- 
ential equation  may,  therefore,  be  integrated 
by  quadratures. 

The  earlier  analysts  believed  that  any  differ- 
ential equation  could  be  integrated  by  the 
elementary  functions  then  in  use,  and  bv  quad- 
ratures. This  we  now  know  not  to  be  the  case, 
just  as  we  know,  since  the  days  of  Abel,  that 
all  algebraic  equations  cannot  be  solved  by  the 
mere  extraction  of  roots.  (See  Algebra; 
Theory  of  Eqvations;  Galois'  Theory). 
Moreover,  even  if  the  reduction  to  quadratures 
can  be  effected,  such  a  reduction  is,  properly 
speaking,  the  beginning  and  not  the  end  of  the 
investigation.  For  it  docs  not  suffice  to  give 
a  formal  indication  of  the  relation  between  x 
and  v;  this  relation  must  be  thoroughly  under- 
stood in  its  essential  properties  before  the  in- 
tegration can  be  said  to  have  been  accomplished. 
Nevertheless  the  consideration  of  the  simpler 
cases,  in  which  integration  by  means  of  elemen- 
tary functions  or  by  quadratures  is  possible, 
constitutes  a  first  important  chapter  of  the 
theory  of  differential  equations.  We  may  char- 
acterize this  chapter  as  the  elementary  theory 
of  differential  equations. 

Elementary  Theory  of  Differential  Equa- 
tions.- We  have  already  referred  to  the  case  in 
which  the  variables  arc  separated.  In  many  cases 
a  simple  transformation  will  accomplish  the 
separation.    Consider,  for  example,  the  equation 


(4) 


£+Py=o. 
ax 


where  P  is  a  function  of  x  only.   We  may  write 


dy_ 


+  Pdx=0, 


whence 


/Vx=log  e. 


or 

(5) 

This  example  will  be  useful  in  enabling  us  to 
treat,  at  once,  a  more  general  equation;  we 
shall  do  so,  moreover,  by  making  use  of  a 
method  frequently  employed,  and  especially 
important  in  the  applications  to  theoretical 
astronomy,  the  method  of  tmriation  of  constants. 
We  consider  the  equation 


where  P  and  Q  arc  functions  of  x  onlv.  This 
equation  is  the  most  general  linear  differential 
equation  of  the  first  order,  a  linear  equation 
being  one  which  contains  y  and  its  derivatives 
in  no  hifiher  than  the  first  power.  Equation 

(6)  differs  from  (4)  only  in  having  Q  in  the 
right  member  in  place  of  zero.  The  expres- 
sion (5)  will  certainly  not  satisfy  (6)  since 
it  satisfies  (4).  Clearly,  however,  it  must  be 
possible  to  satisfy  (6)  by  an  expression  of  the 
form  analogous  to  (5).  viz.. 

—  (Pdx 

(7)  y=ve  J 

where  w  is  a  properly  chosen  function  of  x 
instead  of  being  a  constant.  Moreover,  as  we 
shall  see,  we  can  actually  determine  the  func- 
tion u  by  quadratures.  In  fact,  we  find  from  (7) 
dy     /flu     _  \   -  (Pdx 


which  gives,  on  substitution  into  (6) 

so  that  we  shall  have 

(8)  y  —  e~ $  ^  [c  +(QJM'dx\ ' 

as  the  general  integral  of  (6).  This  formula 
was  found  by  Jacob  Bernoulli,  who  also  showed 
that  the  equation 

(9)  ^  +/»>=<?> 

could  be  reduced  to  (6)  by  putting  u  =  y««. 
The  homogeneous  equations  of  the  form 


(10) 


where 


depends  only  upon  the  ratio  of 

y  to  x,  may  be  solved  by  quadratures.  In  fact, 
if  we  put  y^-vx,  the  equation  becomes 

dx  _l        dv  n 

whence 


(11) 


logx  + 


r_dv_ 


Euler's  method  of  the  integrating  factor  is 
sometimes  useful.  It  rests  upon  the  following 
considerations.  Let  9  (x,  y)=const.  be  the 
equation  of  any  integral  curve  of  the  equation 

(12)  P(x.  y)dx  +  Q(x,  y)dy^ 0. 

We  shall  have,  by  differentiation  f  rom 
f  C*.  y)— con*., 

fix     ^fiy  y  ' 
an  equation  which  must  have  the  same  si, 
cancc  as  (12).    We  must,  therefore,  have 

(13)  rP(x,y)^fx.  *G(x.y)=g. 

if  ft  is  a  properly  chosen  function  of  x  and  y. 
If  i*  is  known,  the  determination  of  ^  bv  quad- 
ratures can  be  immediately  accomplished  on 
account  of  the  two  equations  (13).  For  this 
reason  f  is  called  an  integrating  factor  Equa- 
tions (13)  show  th  it  n  must  satisfy  the  partial 
differential  equation 

*(£P)_a^)=0 

ay  ox 

In  general,  the  determination  of  an  integrating 
factor  is  just  as  difficult  as  the  integration  of 
the  equation.  But  Euler  succeeded  in  finding 
a  number  of  equations  with  known  integrating 
factors.  Herein  lies  the  value  of  the  method. 

By  means  of  these  various  methods  there 
was  obtained  in  the  course  of  time  a  consider- 
able number  of  equations  which  could  be  inte- 
grated by  quadratures.  Lie  showed  that  this 
rather  scrappy  theory  could  be  understood  as 
the  consequence  of  a  single  principle.  This  we 
shall  now  proceed  to  explain,  making  use  of 
geometric  images  for  the  sake  of  clearness  as 
well  as  brevity. 

The  equations 

x,^*(x,  y),  y.=V(x,  y), 
are  said  to  constitute  a  transformation  of  the 
point  (x,  y)  into  the  point  (xu  yi)  if  they  can 
be  solved  for  x,  and  y,. 
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These  equations  may  contain  a  certain  num- 
ber of  arbitrary  constants  a,,  .  .  .  ar;  they  are 
then  said  to  constitute  an  r-parametcr  family  of 
transformations.  Let  us  consider  the  simplest 
case  of  a  one-parameter  family  which  we  may 
write 

(15)  xi=9(x,y,a),   yi  =  V(x.  y;  a) 

If  the  parameter  a  has  a  definite  value,  this 
transformation  converts  every  point  (x,  y)  into 
a  definite  other  point  (xi,  yt).  Let  us  transform 
this  new  point  (x»,  y,)  by  equations  of  the  same 
form,  but  with  a  different  parameter  b,  into  a 
third  point  (X*  y»),  so  that  we  shall  have 

(16)  rt=«(x..  yx;b),   yt=*(x,,y,:  6). 

In  general,  if  we  eliminate  a,  >i  between  (15) 
and  (16)  we  shall  find  x%  and  y,  as  functions,  of 
x,  y,  a  and  b.  It  may  happen  that  these  func- 
tions assume  the  form 

(17)  xi=f(x,  y;  c),   y,=  4>(x,  y;  c) 

where  c  is  a  function  of  a  and  b,  and  where  the 
functions  ♦  and  i>  are  the  same  as  in  (15)  and 
(16).  If  this  is  the  case,  the  transformations 
05)  are  said  to  form  a  one-parameter  group. 
The  one-parameter  family  of  transformations 
(15)  then  has  the  property  that  the  transforma- 
tion, obtained  by  combining  any  two  of  its 
transformations,  is  itself  a  member  of  the 
family.  It  is  for  this  reason  that  the  family  is 
then  called  a  group.  (See  Groups,  Theory  of). 
It  is  obvious  how  this  definition  may  be  ex- 
tended to  cover  r-parameter  groups. 

The  one-parameter  group  (15)  will  contain, 
in  general,  the  identical  transformation;  i.e., 
for  a  certain  value  <*>  of  a  (15)  will  reduce  to 
Xi=x,  yi=y.  If  now  we  denote  by  <5t  an  infini- 
tesimal, and  put  in  (15)  a— a*  +c6t,  we  shall 
find  a  transformation  which  transforms  (x,  y) 
into  a  point  (xi,  yi)  such  that  the  differences 
Xi — x—&x  and  Vi — y=Ay  will  be  infinitesimals 
of  the  order  of  ot.  This  will  be  true  unless  cer- 
tain exceptional  cases  arise  which  we  need  not, 
at  present,  discuss.  From  every  one-parameter 
group  we  may  deduce  in  this  way  an  infinitesi- 
mal transformation,  and  Lie  has  shown  that 
conversely  every  infinitesimal  transformation 
determines  a  one-parameter  group.  There  is  a 
similar  connection  between  an  r-parameter 
group  and  a  corresponding  set  of  r  infinitesimal 
transformations,  between  which  certain  rela- 
tions must  then  be  satisfied. 

A  one-parameter  group  always  has  an  in- 
variant: ie.,  there  exists  a  function  0(x,  y) 
such  that,  for  all  transformations  (15)  of  the 
group.  0  (xi.  yO=0(x,  y).  Such  a  function  is 
said  to  admit  the  one-parameter  group  of  trans- 
formations. It  admits,  in  particular,  the  in- 
finitesimal transformation  of  the  group.  Simi- 
larly, a  differential  equation  may  admit  one  or 
more  infinitesimal  transformations.  Lie  has 
shown  that  in  the  cases  in  which  the  variables 
may  be  separated,  i.e.,  in  which  integration  by 
quadratures  is  possible,  it  is  possible  to  write 
down  infinitesimal  transformations  which  leave 
the  equations  invariant.  He  has  developed  a 
general  theory  showing  what  advantage  is 
gained  for  the  integration  of  a  differential  equa- 
tion by  the  knowledge  that  it  admits  one  or 
more  infinitesimal  transformations.  Let  us  re- 
mark, explicitly,  that  this  theory  is  not  con- 
fined to  equations  of  the  first  order  nor  even 
to  ordinary  differential  equations. 

Before  passing  to  the  consideration  of  the  ele- 


443 

mcntary  theory  of  equations  of  higher  order,  we 
proceed  to  explain  the  important  notion  of  sin- 
gular solution.    Geometrically,  an  equation  of 
dy 

the  first  order  -j-  =  f(x,  y)  determines  the  tan- 
gent of  an  integral  curve  at  every  point  of  the 
plane.  If  we  start  from  any  point  P,  the  tan- 
gent of  the  integral  curve  passing  through  that 
point  is  completely  determined.  We  follow  the 
direction  thus  indicated  for  an  infinitesimal  dis- 
tance to  the  point  (x  +  <*x.  y  +  <*y).  At  this 
point  the  tangent  is  again  given  by  the  differen- 
tial equation,  etc.  We  obtain  in  this  way,  syn- 
thetically, the  family  of  integral  curves,  say 
F(x,  y,  c)  =  0.  Any  one  of  these  curves  is 
obtained  by  giving  a  definite  value  to  the  con- 
stant of  integration  c.  The  envelope  of  this 
system  of  curves,  however,  will  also  be  a  solu- 
tion of  the  differential  equation.  For  it  will 
also  be  a  curve  whose  tangent  satisfies  the  re- 
quirements of  the  equation.  But,  in  general,  the 
envelope  will  not  be  itself  a  member  of  the 
family  of  curves,  i.e.,  it  will  not  be  possible  to 
find  its  equation  by  giving  a  special  value  to  c. 
The  envelope  is  then  said  to  give  a  singular 
solution  of  the  equation.  If  it  exists,  it  may  be 
found  without  any  integration,  that  is  to  say, 
without  a  knowledge  of  the  general  integral  of 
the  differential  equation. 

The  most  important  case  of  a  differential 
equation  of  a  higher  order,  which  may  be  treated 
by  elementary  methods,  is  that  of  the  linear 
homogeneous  differential  equation  of  the  nth 
order  with  constant  coefficients.  A  linear  homo- 
geneous differential  equation  of  the  nth  order 
has  the  form 

(,8)      &  +  ■  + 

If  y><  y*,  •  •  •  •  >'n  are  particular  solutions  of  the 
equation,  y  ==Ciyi  +  oyi  +  ...  +  fnv»,  where  ci, 
.  .  .  c n  are  constants,  is  also  a  solution.  More- 
over, if  ylt  .  .  .  yn  are  linearly  independent,  i.e., 
if  they  satisfy  no  relation  of  the  form 
y.yt  +  >tv,  -f  •  ■  ■  -r-ynVn^O,  where  Yn  are 

constants,  the  above  expression  for  y  is  the 
general  solution.  y«,  .  .  .  yn  arc  then  said  to 
constitute  a  fundamental  system  of  solutions. 
In  the  case  that  p\,  .  .  .  pn  are  constants  a 
fundamental  system  may  be  easilv  obtained.  In 
fact  we  find  that  v  is  a  solution  of  (18) 

if  p  is  a  root  of  the  equation 

pn  -f  p^n—t  .  .  .  -f  pn—j)  -f  fa  =  0. 

Moreover,  if  pu  .  .  .  pn  are  the  roots,  supposed 
distinct,  of  this  equation.  eP>*>  eP*1,  .  .  .  ePn* 
actually  form  a  fundamental  system.  If  *  roots, 
say  Pu  p»,  .  .  .  p?.,  coincide,  the  *  identical  func- 
tions eP1*,  . .  .  eP}.*  are  replaced  by  tP*,  xeP**, 

xV'1,  .  .  .  x*-^'r. 

Total  Differential  Equations.— In  the  case 
of  an  equation  between  two  variables  which  we 
have  considered  so  far,  one  important  distinc- 
tion, which  we  shall  now  have  to  make,  has  not 
been  necessary.  If  P(x,  y)dx  +  Q(x,  y)dy 
is  such  an  equation,  it  is  always  possible  to  find  a 
single  function  <Hx,  y)  such  that  *(x,  y)  — 
const,  shall  represent  the  general  integral.  Either 
the  expression  Pdx  +  Qdy  is  the  complete  dif- 
ferential of  fix,  y)  so  that  P  =  ^  and  0  =  ^' 
or  else  upon  multiplication  with  Euler's  in- 
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tcgratitig  factor  fKPdx  +  Qdy)  becomes  such  a 
complete  differential.   This  is  not  the  ca^c  when 
there  arc  more  than  two  variables.  Consider 
such  an  equation  in  three  variables, 
(19)  Pdx  +  Qdy  +  Rde  =  0, 

where  P,  Q,  R  are  functions  of  x,  y,  and  z.  For 
the  sake  of  symmetry  assume  that  x,  y,  z  are 
regarded  as  functions  of  a  fourth  variable  /. 
The  problem  before  us  is  to  find  all  sets  of 
functions  x,  y.  z  of  /  which  will  satisfy  (19). 
It  way  happen  that  the  left  member  of  (19) 
becomes  a  complete  differential  upon  multiplica- 
tion with  a  function  ^of  x,  y,  s,  so  that 


dz 

The  elimination  of  f  from  these  three  equations 
shows  that  this  can  be  the  case  only  if  P.  Q,  R 
satisfy  the  so-called  intcgrability  condition: 

Moreover  it  may  be  shown  that  if  P,  Q,  R  satisfy 
this  condition,  there  exists  a  function  *(x,y,*) 
and  an  integrating  factor  h(x,  y,  z)  such  that 
fi(Pdx  +  Qdy  +  Rdz)=d*. 

so  that  integration  of  (19)  will  give  the  result 
t  (x.y,  z)  =  const.  But  if  (20)  is  not  satisfied, 
no  integration  of  (19)  in  this  sense  is  possible. 
The  reason  for  this  distinction  as  well  as  the 
discussion  of  the  non-intcgrablc  case  will  be 
clearly  understood  if  we  make  use  of  a  geo- 
metric interpretation.  Let  x,  y,  z  be  Cartesian 
co-ordinates  of  a  point  in  space.  If  x,  y,  z  arc 
known  as  functions  of  /,  there  will  be  determined 
a  certain  space-curve.  It  is  our  problem  to  de- 
termine such  space-curves 

x  =  /(0.  y=-ff(0.  *  — *(0 
as  satisfy  (19).  Through  every  point  (x*,\\3«^ 
of  space  there  may  be  drawn  an  infinity  of  such 
curves.  The .  tangents  of  all  of  these  curves 
which  pass  through  the  point  (x»,y.,r.)  form  a 
plane  pencil  with  (x.,  yo.-*)  as  vertex  and  the 
plane 

P(x+  y,,  *,)  (x  —  x.)  +  Q(x»,  y„  s.)  (y  —  y.) 

+  R(x„y*Zo)(z  —  z.)  -0 

as  plane.  Thus  there  is  for  every  point  P  a 
plane  />  containing  P.  to  which  all  of  the  in- 
tegral curves  of  (19)  which  pass  through  P 
must  be  tangent.  We  may  now  imagine  an 
integral  curve  of  (19)  constructed  as  follows: 
Start  from  a  given  point  P  and  construct  the 
corresponding  plane  p.  We  go  from  P  to  a  point 
Q  infinitesimally  close  to  P  but  otherwise  arbi- 
trarily situated  in  the  plane  p.  At  Q  we  con- 
struct the  plane  q  corresponding  to  it.  and  in 
this  plane  we  pick  out  a  point  R  infinitesimally 
dose  to  0  Proceeding  in  this  way  we  grad- 
ually build  up  an  integral  curve.  It  may 
happen  that  all  of  the  integral  curves  of  (19) 
which  pass  through  the  point  P  are  situated 
upon  a  certain  surface  S  If  this  is  the  case 
for  all  points  P,  the  intcgrability  condition  is 
satisfied;  there  exists  a  single  infinity  of  sur- 
faces o<>,  v,  z)  =  c,  such  that  an  arbitrary 
curve  upon  each  of  these  surfaces  satisfies  the 
differential  equation.  In  general,  however,  such 
a  family  of  surfaces  does  not  exist.  We  mav 
then  integrate  (19)  as  follows:  Take  an  arln- 
trarv  surface  o(.r,  v,  z)  —  0.   Let  P  be  any  point 


upon  it.  Let  p  be  the  plane  of  the  pencil  of  direc- 
tions which  the  differential  equation  assigns  to 
P,  and  let  p'  be  the  plane  tangent  to  the  surface 
M x,  y,  z)  =  0  at  P.  The  intersection  f  of  p  and 
p  will  be  at  the  same  time  tangent  to  an  in- 
tegral curve  of  (19)  and  tangent  to  the  surface 
i>  =0.  From  P  we  go  along  /  to  a  point  Q  in- 
finitesimally close  to  P  and  there  repeat  this 
process.  We  may  build  up  in  this  way  all  of 
the  integral  curves  of  (19)  which  are  situated 
upon  an  arbitrary  surface.  Upon  every  arbi- 
trary surface  there  will  be  a  single  infinity  of 
such  curves.  Analytically  this  process  may  be 
carried  out  as  follows:   From    —  0  we  find 

W.    ,di>.  ,di>. 

—  dx+  —ay+  t~  dz= 0 

dx         dy  *  dz 

From  this  equation  and  V>  =  0,  dz  and  z  may  be 
expressed  in  terms  of  x,  y,  dx  and  y.  Substitu- 
tion of  these  values  into  (19)  gives  rise  to  an 
equation  of  the  form 

M(x,  y)dx+N(x,  y)dy=0. 
which  may  be  integrated,  in  the  form  ?  (x,  y) 
=r.  This  latter  equation  together  with  V'(x,  y, 
z)=0  gives  the  required  solution.  By  giving 
all  possible  forms  to  the  functions  f  all  possible 
solutions  will  be  obtained 

Similar  considerations  are  necessary  in  the 
general  case  of  n  variables.  The  first  consider- 
able contribution  to  this  theory  is  due  to  Pfaff. 
For  this  reason  such  an  equation  is  known  as  a 
Pfaffian  equation,  and  the  problem  of  its  inte- 
gration as  Pfaff's  problem.  The  problem  leads 
to  a  system  of  no  more  than  n  integral  equa- 
tions when  the  number  of  variables  is  2n  or 
2m  — 1.  If  the  equations  are  of  higher  than  the 
first  degree  in  the  differentials,  Lie  speaks  of 
them  as  Monge  equations.  Many  problems  of 
differential  geometry,  especially  in  relation  to 
the  theory  of  complexes,  are  connected  with 
Pfaffian  and  Monge  equations. 

Partial  Differential  Equations. —  Frequently 
functions  of  several  variables  are  defined  by 
relations  between  those  functions  and  their 
partial  derivatives.  Such  equations  are  called 
partial  differential  equations.  Fot  the  sake  of 
simplicity  we  will  confine  ourselves  to  the  case 
Of  a  single  unknown  function,  and  for  the  most 
part  to  the  case  of  two  independent  variables. 
As  in  the  case  of  ordinary  differential  equations, 
it  will  be  instructive  to  see  first  how  such  equa- 
tions may  arise  as  the  result  of  elimination  of 
arbitrary  elements  from  equations  which  do  not 
involve  the  derivatives.  Let  z  be  given  as  a 
function  of  x,  y  and  of  the  two  arbitrary  con- 
stants a,  b  by  the  equation 

(21)  f{x,  y,  s;  a,  fc)=0. 

■  .  dz       .   dz  A.  , 

I^et  p,  q  represent    —  and  —  respectively, 

Then  differentiation  will  give 


(22) 


dz        dx        dz  dy 


Between  the  three  equations  (21)  and  (22)  a 

and  b  may  be  eliminated.  Let 

(23)  F(p,  q;  x,  y,  z)=0 

be  the  result  of  this  elimination.    It  is  the 

partial  differential  equation  which  corresponds 

to  (21)  ;  (21)  is  called  the  complete  integral  of 

(23). 

But  a  and  b  in  (21)  may  be  functions  of 
x.  y  and  still  the  result  of  Jthe  elimination  may 
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be  the  same  equation  (23).  In  fact  we  find 
from  (21),  assuming  that  a  and  b  arc  functions 
of  x  and  y. 

dtF  T  dx    dadx^  dbdx~  ' 

V     ,  df  ,  dfda  dfftb 

-*■  q  -J — — )-  — —  —  0 

at        ay    dady    Ob  by 

which  equations  will  reduce  to  (22),  and  there- 
fore give  rise  to  the  same  equation  (23),  if 

Let  the  determinant  of  these  equations  be  de- 
noted by  A,  so  that 

dxdy  dyax_J: 

then  we  may  write,  in  place  of  (24),  the 
lent  equations 


(24a) 


da 


0, 


4-« 


If  J  $  0.  we  must  therefore  have 

From  these  equations  a  and  may  be  obtained 
as  functions  of  x  and  y;  if  these  values  are 
substituted  in  (21),  a  function  z  of  x  and  y  is 
obtained,  independent  of  any  arbitrary  con- 
stants, but  still  a  solution  of  the  partial  differ- 
ential equation  (23).  This  solution  is  called  a 
singular  integral  of  (23).  It  may  or  may  not  be 
a  special  case  of  the  complete  integral. 

Equations  (24a)  are  also  satisfied  if  *'J^0, 
i.e.,  if 

(25)  *-*(a), 

where  ^(a)  denotes  an  arbitrary  function  of  a. 

If  we  multiply  the  left  members  of  (24)  by  ax 
and  dy  respectively,  and  add,  we  find 

whence,  since  db=*'(a)da, 


(26) 


?  +  ?r*'(o)^0. 
da  do 


If  we  eliminate  a  and  b  from  the  equations 
(21),  (25)  and  (26),  we  find  s  as  a  function  of 
x  and  y,  the  expression  of  which  depends  upon 
the  arbitrary  function  Moreover  this  func- 
tion s  will  again  be  a  solution  of  (23).  It  is 
known  as  the  general  integral  and  involves  an 
arbitrary  function.  It  may  be  shown  that  every 
integral  of  such  a  partial  differential  equation 
belongs  to  one  of  these  three  classes. 

Geometrical  interpretation  will  again  render 
the  matter  perfectly  clear.  Let  x,  y,  s  be  co- 
ordinates of  a  point  in  space;  (21)  will  repre- 
sent a  two-parameter  family  of  surfaces,  or,  as 
we  may  say,  a  family  of  *'  surfaces.  The 
equation  of  the  plane  tangent  to  one  of  these 
surfaces  at  a  point  (x,  y,  z)  will  be 

C-z  —  p(S  —  x)  +  q(v-y) 

For  a  fixed  value  of  x,  y,  a,  (23)  gives  therefore 
an  infinity  of  planes  through  that  point  (en- 
veloping a  cone)  ;  any  integral  surface  of  (21), 
which  passes  through  that  point  must  have 
one  of  these  planes  as  its  tangent  plane.  In 
other  words,  the  differential  equation  deter- 
mines a  certain  cone  corresponding  to  every 
point  of  space,  and  with  this  point  as  vertex; 


an  integral  surface  must  be  tangent  at  each  of 
its  points  to  the  corresponding  cone.  Now  let 
a  complete  solution  of  the  equation  be  given, 
so  that  we  know  a  family  of  surfaces  each 
of  which  fulfils  the  requirements  of  the  problem. 
If  we  put  b  f(a),  where  *(a)  is  any  function 
of  a,  we  obtain  a  one-parameter  family  of  sur- 
faces included  among  the  oc  *  surfaces  just 
mentioned.  The  envelope  of  this  one-parameter 
family  is  given  by  the  general  integral.  The 
singular  integral  is  the  envelope  of  all  of  the  »* 
surfaces  of  the  complete  integrals,  provided 
that  such  an  envelope  exists. 

Since  the  surface  represented  by  the  general 
integral  is  the  envelope  of  a  single  infinity  of 
surfaces  represented  by  the  complete  integral, 
each  of  these  latter  surfaces  will  touch  the 
former  along  a  certain  curve;  such  a  curve  is 
as  a  characteristic.   If  the  partial  differ- 

tation  is  not  linear  in   ~  and 

there  are  ao*  characteristics.  A  linear  equation 
has  only  «>  characteristics.  The  integral  sur- 
faces may  be  looked  upon  as  generated  by 
characteristics,  and  the  usual  method  of  inte- 
grating the  partial  differential  equation  con- 
sists iu  setting  up  a  system  of  ordinary  differen- 
tial equations  which  determines  the  character- 
istics. 

The  points  of  view  in  the  higher  theory. — 

In  speaking  of  ordinary  differential  equations, 
we  have  already  mentioned  the  fact  that  the 
point  of  view  of  the  elementary  theory  is  inade- 
quate even  in  those  cases  in  which  the  reduction 
to  quadratures  is  possible.  Given  for 
the 


ential 


which  may  be  reduced  to  a  quadrature, 
f  dy 

x  J  V(i-y*Hi-A»yr 

The  reduction  of  the  equation  to  this  form  is  a 
mere  formal  process  which,  in  itself,  teaches  us 
nothing.  We  shall  have  to  ask  ourselves  the 
following  questions :  to  what  extent  docs  a 
given  differential  equation  define  a  function 
y  of  x?  what  arc  the  characteristic  properties 
of  this  function?  what  analytical  processes  in- 
volving known  functions,  infinite  series,  prod- 
ucts, etc..  will  serve  for  the  computation  of  the 
values  of  the  function  for  all  of  the  values  of 
its  argument?  In  the  case  of  the  above  differ- 
ential equations  these  questions  have  been  com- 
pletely answered  by  the  creation  of  the  theory 
of  elliptic  functions  by  Abel  and  Jacobi.  In  gen- 
eral it  is  to  be  expected  that  every-  differential 
equation  defines  a  transcendental  function ;  it 
is  the  theory  of  these  transcendcntals  which 
constitutes  properly  the  most  important  por- 
tion of  the  theory  of  differential  equations. 

In  order  fully  to  understand  the  properties 
of  functions  it  has  been  found  necessary  to  look 
upon  the  variable  as  being  capable  of  assuming 
not  only  all  real  but  also  all  complex  values. 
In  the  hands  of  Cauchy,  Riemann,  Weicrstrass 
there  has  grown  up  in  this  wav  the  theory  of 
functions  of  a  complex  variable  (q.v).  This 
theory  serves  as  a  base  for  our  further  discus- 
sions. We  shall,  however,  confine  ourselves  to 
a  few  of  the  simplest  cases,  merely  indicating 
the  general  point  of  view. 
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Let 


£-/<«.  y) 


be  the  given  differential  equation:  Let  fix,  y) 
be  analytic  in  the  vicinity  of  (x*  y.)  i.e.,  let 
it  be  possible  to  develop  f(x,  y)  into  a  series 
proceeding  according  to  positive  integral  powers 
of  x  —  jt.  and  y  —  y».  Then,  as  was  first  proved 
by  Cauchy,  there  exists  a  function  y  of  x  which 
may  be  developed  according  to  positive  integral 
powers  of  x  —  x%,  which  reduces  to  y  —  y»  for 
x  =  x«,  and  which  satisfies  the  differential  equa- 
tion. This  theorem,  which  may  be  easily  gen- 
eralized to  apply  to  equations  of  higher  order, 
or  to  systems  ot  equations  of  the  first  order,  is 
generally  known  as  the  fundamental  theorem 
of  the  theory  of  differential  equations.  It 
proves  the  existence  of  analytic  functions  which 
are  uniquely  defined  as  solutions  of  analytic 
differential  equations  and  which  satisfy  the  sub- 
sidiary condition  of  reducing  to  given  values 
for  a  given  value  of  the  argument.  The  theorem 
may  be  proved  by  the  method  of  dominating 
functions.  This  consists  in  finding  a  series  which 
formally  satisfies  the  differential  equation  and 
reduces  to  y»  for  at  =  x»;  its  convergence  is  then 
demonstrated  by  comparing  it  term  for  term 
with  a  corresponding  series,  which  is  formed  in 
the  same  way  from  another  differential  equa- 
tion, and  which  is  known  to  be  convergent. 
The  exact  circle  of  convergence  cannot,  however, 
be  generally  stated.  A  great  many  papers  have 
been  written  on  questions  which  easily  suggest 
themselves  in  connection  with  this  theorem.  If 
the  function  f(x,y)  is  not  developable  in  the 
given  form;  if,  for  example,  its  development 
contains  negative  or  fractional  exponents,  how 
far  are  its  solutions  determined  and  what  is  the 
form  of  their  developments?  Besides  the  ana- 
lytic solutions  whose  existence  Cauchy  has 
demonstrated,  arc  there  other  non-analytic 
solutions?  The  first  investigations  of  these 
questions  are  due  to  Briot  and  Boquet.  They 
have  since  been  completed  by  a  great  many 
authors. 

Cauchy's  existence  theorem  can  be  made 
more  precise  in  the  case  of  linear  differential 
equations.  Let 


(27) 


*2  + 


+^y=o 


be  a  homogeneous,  linear  differential  equation  of 
the  «th  order.  In  the  vicinity  of  x  =  x°  let  the 
coefficients  pk  be  expressible  as  power-series, 
proceeding  according  to  positive  integral  powers 
ot  j  —  x,,  and  convergent  for  all  values  of  x  for 
which  \x  —  Xo\<r,  where  r  is  a  real  positive 
quantity,  i.e.,  for  all  points  of  the  plane  of  the 
complex  variable  which  are  within  a  circle  of 
radius  r  and  of  center  x».  Then  there  exists  a 
function  y  of  .r,  expressible  as  a  power  series 
convergent  in  the  same  domain,  which  satisfies 
the  differential  equation,  and  which,  together 
with  its  first  n  —  1  derivatives,  assumes  arbi- 
trarily prescribed  values  for  jr  =  .r». 

The  proof  of  this  theorem,  due  to  Fuchs,  is 
also  based  on  the  method  of  dominating  func- 
tions. The  important  point  is  the  fact 
that  the  true  radius  of  convergence  of  the 
series  is  determined  by  inspection  from  the 
differential  equation  itself.  The  existence 
of  a  fundamental  system  of  solutions 
expressible  hy  power-series   follows  at  once. 


Let  yi,  .  yn  be  the  members  of  such  a  funda- 
mental system.  Let  a i,  ...  am  be  the  singular 
points  (poles)  of  the  coefficients  pt,  .  .  .  p™ 
which  we  shall  assume  to  be  rational  functions 
of  x.  Let  yi,  .  .  .  y»  be  continued  analytically 
along  a  path  passing,  in  the  positive  direction, 
around  one  of  these  singular  points  a,  and  let 
yi,  .  .  .  yn  be  the  new  branches  of  the 
functions  yi,  .  .  .  yn  which  are  thus  defined  by 
power-series  in  the  vicinity  of  jr— xo  after  this 
process.    We  must  have 

(28)  yt=a*iyi+«Aiy>+  .  .  .-fainyn,  («=l,  2, ...»), 

where  aki  are  constants,  since  yi  ...  yn  must 
constitute  again  a  system  of  solutions  (more- 
over a  fundamental  system).  A  new  funda- 
mental system  may  be  chosen  in  the  following 
manner.  Put 

s  =  dy«  +Ciyi  +  .  .  .  +  cnyn, 
where  cu  .  .  .  Cn  are  constant  coefficients.  After 
the  continuation  around  a,  s  will  be  changed  into 

i=Ci(a„y,  +  .  .  .  +  «my*)-f-  .  .  . 

+  <*Kiyi+  .  .  .  +°~»yn). 
This  will  be  equal  to  <-*,  where  "  is  a  constant,  if 

Ci(o„— u)  +oa„  +  .  .  .  +CnaB,  =  0. 

ci<i„  +  ei(aM— u)  +  .  .  .  +  r,a,„:=  0, 

.  .  ■  * 

(29) 

C,am  +C*iM+  .  .  .  +Cn(«tm  — «)  =0. 

whence 

U||       t»_  On,  .  .  .  An 

<Jit,  an — u,  .  .  .  a„ 


(30)  F(«)- 


=  0. 


"in,  a«n.  •  •  •  ann — « 

If  <->i  is  a  root   of    (30)    and    the   ratios  of 

c  cn  are  determined  from   (29)  after  «■» 

has  been  put  equal  to  wt,  we  shall  therefore 
find  a  solution  xr,  of  (27)  which  changes  into 
oa,  when  the  variable  x  describes  a  closed 
path  around  the  singular  point  considered.  If 
the  equation  F(u)  =  0  has  n  distinct  roots,  we 
shall  find  n  such  solutions,  and  we  may  write 

(31)  ii=<*zi.  (i=l.  2, .  .  .  n) 

in  place  of  (28).  Moreover,  these  n  solutions 
sn  will  constitute  a  fundamental  system. 
We  shall  not  attempt  to  discuss  the  case  of  co- 
incident roots  of  the  equation  (30).  which  is 
known  as  the  fundamental  or  characteristic 
equation. 

Now  the  function 

(*— flCi-r,      (x-«>.  ri=  ^log  »i 

has  precisely  the  same  property.    Therefore  the 

quotient  ^_^'fl)f,is  a  function  uniform  in  the 

vicinity  of  r  =  o,  and  therefore  expressible  by  a 
so-called  Laurent  scries  proceeding  according  to 
positive  and  negative  but  integral  powers  of 
x — a.    Let  *i(x)  be  such  scries;  then  we  have 

(32)  «=(x— c)'<o,-(x),  (»=1,  2.  .  .  .  n). 

The  Laurent  series  will  be  convergent  for  all 
points,  excepting  a  itself,  of  the  circle  which  lias 
a  as  center  and  which  reaches  up  to  the  nearest 
singular  point  of  the  differential  equation.  The 
main  questions  to  solve  are:  1st.  Determine  the 
exponents  rr,  2d.  Find  the  coefficients  of  the 
Laurent  series  di.  These  questions  are  capable 
of  a  direct  and  general  solution  in  the  special 
case  in  which  the  Laurent  scries  contains  only 
a  finite  number  of  terms  involving  negative 
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powers  of  x  —  a.  In  that  case  the  differential 
equation  (27)  may  be  written  in  the  form. 

(33)  *2  +  £l£>  ^=12  +  hzzl  + 
ox»      x—a  dx* — i  (x — a)*dxn—2 

(x— a)*  ' 

where  Pi,  Pu  •  .  .  Pn  are  expressible  as  power- 
scries  proceeding  according  to  positive,  integral 
powers  of  x  —  a.  The  exponents  n  are  then  the 
roots  of  the  determinating  fundamental  equation 
of  the  nth  degree 

(34)  r(r—  1)  .  .  .  (r— n  +  1)  +P,(a)r(r—  1)  .  .  . 

(f-n  +  2)  +  .  .  .  -fPn(o)=0. 
After  ri  has  been  obtained  from  this  equation, 
the  method  of  indeterminate  coefficients  enables 
one  to  find  the  coefficients  of  the  power-series. 
In  the  case  of  equal  roots  some  of  the  solutions 
may  contain  such  terms  as  log  (x  —  a), 
{log  (x — a)  { »,  etc. ;  the  general  discussion  of  the 
various  cases  which  may  arise  is  rather  com- 
plicated. 

The  case  in  which  the  equation  may  be 
written  in  the  form  (33)  is  usually  described  as 
that  in  which  the  solutions  arc  regular  about 
x—a.  If  they  are  regular  in  the  vicinity  of 
each  singular  point,  including  »=»,  the  equa- 
tion is  said  to  be  of  the  Fuchsian  type,  and  may 
be  written  as  follows: 

(M)  ,(>>  +  St-V— ■)  +  l|  + . . . 

where  y',  y",  etc.,  denote  the  derivatives  of  y  of 
the  first,  second  order,  etc.,  where 
(35a)    V—  (*— a,)(x— a,)  .  .  .  (x— am). 
oi,  .  .  .  dm  and  »  being  the  singular  points,  and 
where  GA  denotes  a  polynominal  in  x  of  degree 
no  higher  than       The  most  important  special 
case  of  such  an  equation  is  that  of  the  hyper- 
geometric  series,  the  so-called  Gauss  equation, 
which  is  of  the  second  order  and  has  three 
singular  points,  0,  1  and  00 .    Historically,  the 
theory  of  the  Gauss  equation,  as  treated  by 
Riemann,  was  the  origin  of  the  general  theory 
of  linear  differential  equations.    A  large  num- 
ber of  the  most  important  conceptions  of  the 
theory  of  functions  are  closely  connected  with 
this  equation.     The  question  of   finding  the 
cases  in  wnich  the  general  solution  is  algebraic 
led  Schwarz,  Fuchs  and  Klein  to  the  remark- 
able algebraic  functions  which  are  connected 
with  the  five  regular  solids.   This  equation  also 
leads  to  the  general  theory  of  automorphic 
functions,  of  which  the  elliptic  functions  are  a 


If,  in  the  vicinity  of  a  singular  point,  the 
solutions  are  regular,  they  may  be  developed  in 
the  manner  indicated.  The  problem  of  finding 
the  developments  of  the  solution  in  the  vicinity 
of  a  point  where  they  are  not  regular  is  far 
more  difficult  and  still  awaits  a  satisfactory 
general  solution.  A  solution,  not  regular  at 
x*=a,  may  have  the  special  form. 

filfx  —  a)P*(x). 
where  p  is  a  constant,  where  V»(x)  is  an  ordinary 
i  in  x  —a,  and  where 


by  the  presence  of  the  factor  <r  .  Such  an  in- 
tegral* if  it  exists,  is  called  a  normal  integral. 
There  may  also  be  integrals  of  a  similar  form 
in  which,  however,  (x — o)  V* appears  in  place  of 
x  —  o,  where  k  is  a  positive  integer.  They  are 
called  subnormal.  The  conditions  for  the  exist- 
ence of  normal  and  subnormal  integrals  have 
been  investigated,  but  none  of  these  investiga- 
tions is  as  yet  in  a  final  form.  Considerable 
progress  in  the  theory  of  non-regular  integrals 
has  been  made  in  recent  years  by  Birkhoff. 

It  is  possible  however  to  change  the 
method  of  attack.  The  general  theory  shows 
that,  in  the  vicinity  of  the  singular  point 
x  =  a,  a  solution  exists  of  the  form  (x— o)*>(x). 
where  *(x)  is,  in  general,  a  Laurent  series. 
The  question  is  this:  how  to  determine  the 
exponent  p  and  the  coefficients  of  ?(x).  In  the 
regular  case,  when  ?(x)  is  an  ordinary  power- 
series,  substitution  of  this  expression  into  the 
differential  equation,  and  comparison  of 
powers  of  x  —  a,  solves  the  problem.  One  may 
do  the  same  thing  in  general.  But  then  one 
finds  it  necessary  to  solve  a  system  of  linear 
equations  infinite  in  number  and  with  an  infinity 
of  unknown  quantities.  This  leads  to  the 
notion  of  infinite  determinants,  due  primarily 
to  G.  W.  Hill.  Hill  applied  infinite  deter- 
minants just  as  though  they  were  finite,  paying 
no  attention  to  convergence  or  rigorous  defi- 
nitions. This  deficiency  was  made  up  and 
the  whole  theory  placed  upon  a  solid  basis 
by  Poincare  and  Koch. 

The  theory  of  linear  differential  equations 
has  served  as  a  basis  for  practically  all  that  is 
known  about  non-linear  equations.  There  are 
two  fundamental  properties  of  the  linear  equa- 
tions which  render  them  peculiarly  accessible. 
In  the  first  place  it  is  known,  a  priori,  how  the 
arbitrary  constants  enter  into  the  expression  of 
its  general  integral ;  in  the  second  place  the 
singular  points  of  its  solutions  are  fixed,  i.e. 
independent  of  the  constants  of  integration. 
Other  classes  of  differential  equations  may  be 
defined  which  have  one  or  both  of  these  proper- 
ties. The  first-mentioned  point  of  view  leads 
to  the  differential  equations  with  fundamental 
solutions.  These  may  be  defined  in  various 
ways  and  have  been  investigated  by  Guldberg, 
Vessiot,  Lie  and  Wilczynski.  The  idea  of  in- 
vestigating the  differential  equations  with  fixed 
branch-points  is  due  to  Fuchs.  For  equations 
of  the  first  order  he  succeeded  in  formulating 
the  conditions  in  a  very  simple  theorem.  Poin- 
care then  showed  that  all  such  equations  can  be 
transformed  into  a  Ricati  equation,  i.e.,  an 
equation  of  the  form 


(36) 


dy 

-j-  =*fl-f-aiy-r-a<y*. 
dx 


where  a*,  a*,  os  are  functions  of  x,  or  else  are 
intcgrable  by  quadratures  or  algebraic  functions. 
Differential  equations  of  the  first  order  with 
fixed  branch-points  do  not,  therefore,  as  was  at 
first  expected,  lead  to  new  transcendental  func- 
tions.   For.  the  Riccati  equation  may,  by  the 


transformation  v 


—5-  ~i  be  converted  into  a 
as  dx 


at 


a.  ,  a* 


(x— o)«  (x — a)*—1  x — a 
so  that  it  differs  from  a  regular  integral  only 


linear  differential  equation  of  the  second  order. 
It  may  be  noted,  incidentally,  that  this  remark 
enables  us  to  prove,  in  a  simple  manner,  the 
theorem  that  the  anharmonic  ratio  of  any  four 
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solutions  of  a  Riccati  equation  is  constant.  This 
is  important  in  geometric  applications. 

The  most  important  recent  investigations  in 
the  theory  of  differential  equations,  from  the 
standpoint  of  the  theory  of  functions  of  a  com- 
plex variable,  are  due  to  Painleve.  A  brief  ac- 
count of  some  of  them  will  indicate  their  funda- 
mental nature.  Let 


(37) 


ax 


■n*.  y) 


be  an  algebraic  differential  equation  of  the  first 
order.  The  general  integral  will  be  a  function 
of  x  and  m.  «  being  the  constant  of  integration. 
We  may,  instead,  consider  u  as  a  function  of  x 
and  y  defined  by  the  partial  differential  equation 


(38) 


ax  +  Fyflx' y) 


0. 


The  general  integral  of  (37)  is  said  to  be 
reducible  if  other  equations,  algebraic  in  x,  y,u, 

3m  dut  &u  c  ^  ^  adjoined  to  (38)  com- 
ox  ay  ax* 

fiatiblc  with  it  without  being  dcducible  there- 
rom.    All  of  the  equations  of  the  first  order 
which  have  been  studied  are  reducible  in  this 
sense;  for  instance,  the  Riccati  equation,  the 
linear  equation,  etc.    In  the  case  of  a  linear 
<)hi 

equation  the  condition j  =  0  may  be  thus  ad- 
joined;  if  the  equation  admits  an  algebraic 
integrating  factor  >,  we  may  adjoin  the  condi- 
tion etc.    This  definition  of  reducibility 
ay 

may  be  extended  to  equations,  or  systems  of 
equations,  of  any  order. 

Applied  to  equations  of  the  first  order,  the 
following  theorem  results.  If  an  equation  of 
the  first  order  is  reducible,  only  four  cases  are 
possible:  1st,  the  equation  is  algebraically 
integrable ;  2d,  it  has  an  algebraic  integrating 
factor;  3d,  the  logarithm  of  the  integrating 
factor  has  algebraic  first  derivatives;  4th,  a 
first  integral  is  given  by  a  system  of  differential 
equations  whose  general  solution  is  of  the  form 

u  j  (a,  b,  r,  d  being  arbitrary  constants,) 

and  which  may  be  reduced  to  a  Riccati  equa- 
tion. 

Irreducihle  equations  of  the  first  order  lead 
to  known  results,  if  we  confine  ourselves  to  the 
case  that  y  shall  be  a  uniform  function  of  x. 
This  is  not  the  case,  however,  for  equations  of 
higher  order.  Among  the  equations  of  the 
second  order,  the  simplest  case  is  that  of  the 
equation 

(39)  y"  =  6y*+.r. 

Its  general  integral  is  a  uniform  function  of 
x,  which  may  be  represented  as  a  quotient  of 
two  integral  transcendental   functions  in  the 

form  y  ---  -  •  iwhere  «  is  an  integral  trans- 

cendental function  which  satisfies  the  equation 

(40)  i  (t"),+  2(t')»+»'-«  =  0. 
u' 

where  s^— i    and   which   mav,    therefore,  be 
u 

represented  by  an  ordinary  power-series  con- 
vergent for  all  values  of  x. 

Although  great  progress  has  been  made  in 


this  direction  and  although  greater  progress  is 
to  be  expected  as  the  efforts  of  mathematicians 
arc  being  gradually  rewarded,  the  results  are 
meager  from  the  point  of  view  of  the  mathe- 
matical physicist,  who  would  like  to  refer  to  the 
mathematician  the  questions  connected  with 
the  integration  of  a  differential  equation  which 
may  have  appeared  in  some  of  his  investiga- 
tions. For  very  rarely  will  it  happen  that  such 
an  equation  belongs  to  one  of  the  classes  with 
which  the  mathematician  is  prepared  to  deal. 
It  remains  necessary  to  study  such  equations 
directly  by  methods  of  successive  approximation 
especially  adapted  to  them,  usually  upon  the 
assumption  that  all  of  the  variables  that  enter 
be  confined  to  real  values.  The  restriction  to 
real  variables  in  such  cases,  the  systematic  *.id 
rigorous  application  of  the  method  of  successive 
approximations,  has  been  productive  of  many 
valuable  results  in  recent  years,  especially  in 
the  hands  of  Picard  and  Hilbert.  The  theory 
of  partial  differential  equations,  primarily,  has 
made  rapid  progress  through  their  efforts  and 
many  mathematicians  are  following  their  ex- 
ample. It  may,  however,  be  predicted  that,  even 
in  the  theory  of  partial  differential  equations, 
the  restriction  to  real  variables  will  gradually 
pass  away.  For  in  the  case  of  analytic  func- 
tions, and  these  after  all  are  the  most  import- 
ant, the  characteristic  properties  arc  veiled  by 
such  a  restriction.  But  a  necessary  prerequisite 
for  a  theory  of  partial  differential  equations 
with  complex  variables  is  the  theory  of  func- 
tions of  several  complex  arguments;  this  theory, 
however,  is  still  in  its  infancy. 

Bibliography.— A.  R.  Forsyth,  «A  Treatise 
on  Differential  Equations'  (3d  cd..  London 
1903).  This  contains  an  account  of  the  more 
elementary  parts  of  the  theory.  A.  R.  Forsyth, 
'Theory  of  Differential  Equations'  (6  vols; 
Cambridge  1890).  In  this  work  the  main 
stress  is  laid  upon  the  functionthcoretic 
point  of  view.  S.  Lie,  'Vorlesungen  iiber  Dif- 
ferentialglcichungen  mit  bckannten  infinitesi- 
malen  Transformationen,'  bearbeitet  und  he- 
rausgegeben  von  G.,  Schcffcrs  (Leipzig  1890 
E.  Picard,  'Traite  d'analyse*  (Vols.  2  and  3; 
Paris  1893-95).  Important  principally  for  the 
modern  theory  of  partial  differential  equations 
P.  Painleve,  'Lecons  sur  la  theorie  analvtique 
des  equations  differenticlles,  professees  a  Stork- 
holm,'  Sept.,  Oct.,  Nov..  1895.  Lithographed  at 
Paris,  1897,  an  account  of  the  most  advanced 
points  of  view.  L.  Schlesingcr,  'Handbuch  oVr 
Theorie  der  linearen  DifferentialgleichunRen' 
(Leipzig  1895-98).  For  further  bibliographical 
indications  and  for  a  brief  account  of  the  whole 
subject  from  the  point  of  view  of  the  expert 
mathematician,  see  the  various  articles  on  dif- 
ferential equations  in  'Encyclopadie  der  mathe- 
matischen  Wisscnschaften  mit  Einschluss  ihrer 
Anwcndungen, '  which  is  now  being  published 
in  Leipzig.  A  French  edition,  much  more  ex- 
tensive than  the  German  edition,  of  this  monu- 
mental work  is  also  being  published. 

Ernest  J.  Wilczynski. 
Professor  of  Mathematics,  University  of  Chi- 
cago. 

EQUATIONS,  Galois'  Theory  of.- In  the 
16th  century  the  Italian  mathematicians  suc- 
ceeded in  solving  th<*  cubic  and  biquadratic 
equations.  Their  brilliant  achievements  must 
have  made  it  seem  probable  that  the  solution 
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of  the  equations  of  fifth  and  higher  degrees 
would  soon  be  found.  Such,  however,  was  not 
to  be  the  case.  For  two  centuries  the  first 
mathematicians  of  the  day  essayed  in  vain  to 
solve  the  quintic  Tschirnhausen,  Euler,  Van- 
dermonde,  Malfatti  and  Lagrange  embodied 
their  researches  in  valuable  memoirs,  but  at  the 
close  of  the  18th  century  the  solution  of  the 
equation  of  the  fifth  degree  seems  farther  away 
than  ever. 

In  their  apparent  defeat,  however,  lay  the 
germs  of  ultimate  victory.  As  a  result  of  all 
these  investigations  it  became  manifest  that  the 
solution  of  algebraic  equations  and  certain 
groups  of  substitutions  of  their  roots  were  inti- 
mately related.  In  the  case  of  the  general 
equations  of  degrees  three  and  four  this  rela- 
tion was  very  dear  indeed ;  it  was  less  clear  in 
regard  to  the  general  equation  of  degree  h,  and 
still  more  hazy  in  regard  to  the  special  equa- 
tions which  had  been  considered  up  to  that 
time.  It  was  reserved  to  Evarestc  Galois  to 
put  these  loose  ends  together  and  to  develop  a 
theory  of  the  solution  of  algebraic  equations  at 
once  s:mple  and  far-reaching.  Indeed,  the  ideas 
of  Galois  are  not  only  fundamental  in  most 
algebraic  investigations,  but  they  have  also  been 
extended  by  Lie  and  others  with  great  effect  to 
the  theory  of  differential  equations.  But  even 
here  they  do  not  stop.  It  is  in  Galois'  theory 
that  the  notion  of  a  group  first  came  promi- 
nently before  the  mathematical  public ;  a  notion 
which  to-day  pervades  a  good  part  of  the  whole 
domain  of  mathematics. 

Galois  died  at  the  age  of  22  (1832).  Twice 
he  presented  memoirs  to  the  Paris  Acad- 
emy, containing  an  account  of  his  theory.  The 
first  was  lost,  the  second  was  returned  to  its 
youthful  author  by  Poisson  as  unintelligible. 
Galois'  theory  was  first  made  public  to  the 
mathematical  world  in  1846  wnen  Liouvillc 
published  this  latter  memoir  without  comments. 
In  1858  Betti  published  an  exposition  of  Galois* 
theory  with  complete  proofs  and  some  valuable 
extensions. 

Lagrange  in  his  great  memoir  of  1770-71 
developed  what  he  styled  a  calcul  des  combina- 
tions and  which  is  in  fact  the  origin  of  Galois' 
Theory  of  Equations.  This  new  calcul  was 
further  developed  in  a  number  of  papers  by 
Ruffini,  beginning  1799,  who  tried  to  demonstrate 
the  impossibility  of  the  algebraic  solution  of  the 
general  equation  of  degrees  greater  than  four  by 
th:s  means;  by  Gauss  (1801)  and  Lagrange 
(1808)  in  the  solution  of  the  equations  on  which 
the  roots  of  unity  depend;  and  finally  hy  Abel, 
who,  besides  being  the  first  to  rigorously  demon- 
strate the  insolvability  of  the  quintic  by  radi- 
cals (1826),  discovered  a  new  class  of  algebraic 
solvable  equations  which  occur  in  the  division 
of  the  elliptic  functions  (1829). 

BASAL  NOTIONS. 

Domain  of  Rationality. —  One  of  the  most 
fundamental  notions  in  Galois'  theory  is  that  of 
a  domain  of  rationality  which  was  first  clearly 
formulated  by  Abel.   When  an  equation 

/(x)=<ur»  +  auc»— 1+  .  .  .  4-on— iX  +  an  —  0  (1) 
offers  itself  for  solution,  its  coefficients  are  sup- 
posed known.  It  often  happens  that  other 
quantities  are  known,  or  are  assumed  as  known. 
Suppose  ?.  p, .  .  .  are  such  quantics,  finite  in 
number.   The  totality  of  rational  functions  of 
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these  letters  with  rational  numbers  as  coefficients 
constitutes  a  domain  of  rationality  which  we 
denote  by, 

R(*.  P.  ■  •  ■  «)• 
Thus  any  element  of  this  domain  may  be  ob- 
tained by  a  finite  number  of  additions,  sub- 
tractions, multiplications  and  divisions  per- 
formed on  the  letters  ?-,/',...  %  The  domain 
of  rationality  which  we  lay  at  the  base  of  a 
given  algebraic  investigation  is  to  some  degree 
a  matter  of  choice.  In  any  case,  however,  the 
coefficients  of  the  equations  we  start  with 
should  lie  in  it. 

Ever}'  domain  must  contain  the  domain 
/?(1),  called  the  absolute  domain,  and  which  is 
simply  the  totality  of  rational  numbers.  For 
the  domain  /?(?•,  .  .  .  u)  must  contain  the  ele- 
ment a/a=i.  It  is  often  desirable  to  add  cer- 
tain elements  v,  C,  ...  to  a  domain  /?(>.,  ft, .  .  . ) 
forming  the  new  domain  /?'</  ,  p,  .  .  .  n,  C,  ...  ) 
The  elements  v,  C, .  .  .  are  said  to  be  adjoined  to  R. 

Rational  Functions  in  R. —  In  elementary 
algebra  and  in  the  function  theory  a  rational 

function  of  x,  y,  e  is  an  expression  of  the 

form 

Ax™ly**s™* 

B&iynH**  ...+...'  '  ' 

where  the  exponents  m,  n  are  non-negative 
integers  and  the  coefficients  arc  merely  inde- 
pendent of  the  variables  .r,  y,  s,  .  .  .  In  Galois' 
theory  the  term  rational  function  is  a  much 
narrower  one.  In  fact  the  term  rational  has 
no  meaning  unless  in  connection  with  a  specific 
domain  of  rationality.  Thus  the  expression  (2) 
is  a  rational  function  of  x,  y,  .  .  .  in  Galois' 
theory  with  respect  to  the  domain  R,  when  and 
only  when  the  coefficients  A,  B,  .  .  .  lie  in  R. 
Thus  such  a  function  as  (2)  may  be  rational 
with  respect  to  one  domain  and  not  with  respect 

to  another.   For  example  

x  +  V  —  3y. 
is  a  rational  function  of  x,  y  with  respect  to  the 

2-rri 

domain  R  (p),p  —  e  3  ;  but  it  is  not  rational 
with  respect  to  /?(1)  or  fl(V  —  5).    When  the 

denominator  in  (2)  reduces  to  a  constant,  it 
becomes  a  rational  integral  function. 

An  equation  as  (1)  is  rational  with  respect 
to  R  when  its  coefficients  a»,  ai,  .  .  .  an  lie  in  R. 

Reducibility  and  Irreducibility  is  another 
basal  notion  of  Galois'  theory.  The  rational 
integral  function  of  x,  y,  z  .  .  .  , 
F(x,  y,  2,  ...)—Ax'*,yn*z"t'...  +  Lx*xf*v*... ,  (3) 
with  respect  to  the  domain  R  is  reducible  in  R 
when  it  is  the  product  of  two  or  more  rational 
integral  functions  of  x,  y  .  .  .  with  coefficients 
in  R,  viz.,  F  =  GUI  .  .  .  In  this  case  we  say 
F  is  divisible  by  G,  H,  .  .  .  ,  which  are  factors 
or  divisors  of  r  in  the  domain  R.  If  the  ex- 
pression (3)  cannot  be  split  up  into  two  such 
factors,  it  is  irreducible  with  respect  to  R.  An 
equation  as  (1)  is  reducible  or  irreducible  in  R 
according  as  its  left  side  is  reducible  or  irre- 
ducible in  R. 

An  equation  as  ( 1 )  may  be  irreducible  in  one 
domain  and  reducible  in  another.  Thus 

jr»  +  x  +  l—  0 
is  irreducible  in  R(l),  but  is  reducible  in 

R(V-3).    In  fact, 

**+*+!  =  (*  — P)  (*—  P1),    P  =  «3 
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If  ^i,  ...  are  the  roots  of  'I),  it  is  obviously 
reducible  in  R  .  .  .  in).  In  fact  its  left  side 
splits  up  into  rational  lineal  factors, 

f{x)  =  <u{x  —  ti)  .  .    (X  —  fn). 

A  theorem  of  utmost  importance  in  Galois' 
theory  is  the  following: 

Let  /(x)=0,  y(x)^0  be  rational  equations 
for  the  domain  R,  and  let  /(x)  =  0  be  irredu- 
cible in  R.  If  g(x)^Oadmits  a  root  of  /(x>= 
0,  it  admits  all  the  roots  of  f(x)  =0,  and  g(x) 
is  divisible  by  /(x). 

Equality. — As  a  third  pillar  on  which  Galois' 
theory,  rests  is  the  distinction  between  formal 
and  numerical  equality,  as  we  may  designate 
it  for  lack  of  better  terms.  It  is  only  by  such  a 
distinction  that  Galois  was  able  to  extend 
Lagrange's  methods  so  as  to  apply  to  any  type 
of  algebraic  equation.  As  long  as  we  arc  deal- 
ing with  constants,  equality  and  inequality  are 
of  course  the  same  as  in  arithmetic  —  they  are 
numerical.  What  do  we  mean,  however,  by  the 
equation 

Hp,  g,...  )<=WP,  g,  .  •  •). 
9,  V1  being  rational  functions  of  the  variables 
p,  q,  .  .  .  for  a  domain  /??  In  general  R  will 
contain  variable  elements  which  then  may  enter 
the  coefficients  oi<P,  i>-  Let  us  write  the  above 
equation 

<XVi,  Vt,  ...Ct,  Ct,  ...  )  =  V'd'j,  i%  ■  ■  ■  ft,  Ct,  .  .  .), 
where  vit  Vt  represent  now  all  the  variable 
elements  in  ^,  V',  among  which  will  be  P,  q, .  . . , 
while  ft,  ci,...  represent  constants.  Ry  an 
equation  of  the  above  type  we  mean :  that  for 
each  and  every  set  of  numerical  values  Vx,  Vi. 
.  .  .  can  take  on  consistent  with  their  definition, 
the  resulting  numerical  value  of  <?  is  identical 
with  that  of  f. 

When"  no  two  of  the  quantities  0\  V,  X,  ■  ■ 
are  equal  we  shall  call  them  distinct  or  unequal. 

THE  GALOISIAN  RESOLVENT  AND  GROUP. 

Construction  of  nl-valued  Functions;  In- 
determinants.—  Let 

f(x)^<ux"  +  a,x"-J+ .  .  .+a„  =  0  (1) 

be  an  equation  whose  solution  is  to  be  effected. 
The  first  thing  to  do  is  to  choose  a  domain  of 
rationality  R.  As  already  remarked,  the  nature 
of  R  depends  partly  upon  (1)  and  partly  upon 
our  own  pleasure.  In  any  case  it  must  contain 
the  coefficients. 

Without  loss  of  generality  we  may  suppose 
its  roots  unequal.  For  by  means  of  the  greatest 
common  divisor  of  f(x)  and  f'(x)  we  may  ob- 
tain by  rational  operations  an  equation  whose 
roots  are  the  distinct  roots  of  (1). 

Let  us  now  adjoin  «  new  variables  th,  .  .  «« 
to  R,  forming  a  domain  R',  and  introduce  the 
rational  function 

Vi=UiXi+  H2X,+  .  .   .  +  ttnln.  (4) 

If  we  permute  the  xt,  x*  .  .  .  xn  in  all  pos- 
sible ways,  or,  as  we  say,  apply  the  n !  substitu- 
tion 

IXt  Xt  .  .  .  Xn  \ 
\xh  X,,...  xln) 

of  the  svmmetric  group,  we  get  the  »» !  functions 

l\  V  Vnl  (5) 

With  these  we  form  the  equation 

F(f,U,.         Mn'<  —  it  —  I'i)  (t—  I'll    .     (t-Vn'^0.  (6) 

whose  coefficients  lie  in  R'  In  the  discrimi- 
nant of  (6).  D(u\, .  .  .  un),  we  may  give  to  u,, 
.  .  .  un  values,  a,,  ...«„,  jn  R,  integral  values. 


even,  if  we  choose,  in  an  infinity  of  ways  so  that 
D  ±  0.  In  that  case  the  quantlcs  (5)  are  dis- 
tinct and  the  roots  of  (6)  thus  unequal  Th- 
function  (4)  has  thus  «!  values  under  the  sym- 
metric group.  A  special  case  of  this  function 
(4)  was  used  by  Lagrange;  in  its  general  form 
it  was  first  employed  by  Abel.  Its  fundamental 
importance  in  the  solution  of  algebraic  equa- 
tions was  first  brought  out  by  Galois.  For  thi* 
reason  the  function  V  in  (4)  is  called  the 
Galoisian  resolvent  function.  Besides  the  func- 
tion (4)  there  are  obviously  an  infinity  of  other 
n!-valued  functions.  The  function  (4)  is  em- 
ployed on  account  of  its  simplicity. 

On  replacing  the  m's  by  theo's  these  variables 
disappear.  Their  introduction  was  to  show  the 
existence  of  n  !-valued  rational  functions  of  the 
roots  xi,  .  .  .  xn.  Such  auxiliary  variables  which 
we  introduce  into  our  reasoning,  and  which  at 
any  moment  can  be  made  to  disappear  by  giving; 
them  appropriate  special  values,  are  called  w- 
determinates.  In  a  primitive  way  they  are  used 
by  all  mathematicians.  Kronecker  has  shown 
that  they  arc  an  implement  of  immense  power 
in  algebraic  investigations.  Since  in  the  end 
we  can  always  replace  the  indeterminates  re- 
values lying  in  our  domain,  we  shall  suppose 
that  our  domain  contains  in  advance  as  many 
of  these  auxiliary  variables  as  we  care  to  use 

Galoisian  Resolvent  and  Group  —  In  gen 
eral  the  equation  (6)  is  reducible  in  R,  so  that 

F(/)=G.  (/,  U  Un)  G,  (/,  «,,...  Un)  .  .  . 

Let  us  take  now  any  one  of  these  irreducible 
factors,  say  that  one  which  admits  V,  as  root, 
to  form  the  equation 

G,  (t,  «,,...  un)  =  a  <:.! 

This  is  called  the  Galoisian  Resolvent  of  (D 
for  the  domain  R.    Let  its  degree  in  t  be  m 

Galois  showed  now  that  the  solutions  of  (1) 
and  (7)  arc  equivalent  problems.  In  fact 
every  rational  function  of  the  roots  of  (1). 
and  in  particular  the  roots  themselves  and  hence 
also  the  roots  Vi,  V*,  .  .  .  Vm  of  (7),  arc  ra- 
tional functions  of  V\.  We  have  therefore  for 
any  rational  function  of  the  x*s 

Hxx , . . .  xn)  -r.  +  r,  l'i  +  r,  Vf  +  . .  .  +  rm— ,  IV"— ' 

The  advance  that  is  made  by  considering  the 
equation  (7)  instead  of  the  original  equation  (1 1 
lies  in  the  fact  that  the  roots  of  (7)  are  rational 
in  any  one  of  them.    Let  the  roots  of  (7)  he 

Vu   V%  .  .  .  Vm. 

These  arc  obtained  from  the  expression  (4^ 
by  effecting  certain  substitutions, 

St  —  1,  Si,  .  .  .  Sm,  (C) 

on  the  roots  xi.  .  .  .  Xn.  These  m  substitutions 
G  enjoy  now  three  remarkable  properties: 

1°  Every  rational  function  ♦fxi  ,  .  .  .  x«)  of  A'_ 
roots  of  (1)  whicn  remains  una'tered  by  0 
lies  in  R,  or,  as  tve  say,  is  rationa'h  know* 

2°  If  the  rational  function  of  the  root! 
#Xi,  .  .  .  xn)  is  rationally  known,  it  remains  un- 
altered for  the  substitutions  G. 

3°  The  substitutions  G  form  a  group.  tots 
there  is  no  other  nroup  of  substitutions  hoviij 
the  properties  1°,  2°. 

This  group  is  called  the  Ga'oisian  grwf  ^ 
the  conation  (H  for  the  domain  R.  For  thf 
definition  of  the  various  term":  conceir-n: 
groups  see  Groups,  Theory  of.  TV  t'rrfVr  o! } 
sub-group  //  of  a  group  G  with  respect  to  (7  t« 
the  ratio  between  the  number  of  terms  in  H 


Digitized  by  Google 


EQUATIONS,  GA] 

and  the  number  of  terms  in  G.  We  say  for  the 
domain  R,  because  by  changing  R  the  irre- 
ducible factors  of  (6)  will  in  general  change, 
and  therefore  the  substitutions  G  will  in  gen- 
eral change.  The  importance  of  the  Galoisian 
group,  or,  as  we  shall  say  more  shortly,  the 
Group,  of  an  equation  f(x)=0  lies  in  the  fact 
that  an  investigation  of  its  structure  reveals 
many  of  the  most  important  properties  of  the 
algebraic  irrationalities  defined  by  this  equation. 
In  particular  it  affords  a  rational  and  uniform 
scheme  for  effecting  the  solution  of  any  alge- 
braic equation.  Before  entering  on  this  topic 
let  us  consider 

SOME  PROPERTIES  OF  THE  GALOISIAN  CROUP  G. 

Since  the  grouo  G  of  an  equation 

aa*  +  atx*— 1  +  .  .  .  +a»  =  0  (1) 

is  unique  for  a  given  domain  of  rationality  R,  it 
follows:  1°  that  the  group  is  independent  of 
the  particular  n  !-valued  function  we  take ;  2° 
that  we  get  the  same  group  whichever  of  the 
irreducible  factors  G*(t),  Gi(.t),  •  •  •  of  (6)  we 
may  choose;  and  3"  that  these  functions  G; 
G%,  .  .  .  are  all  of  the  same  degree. 
4°.  In  any  rational  equation 

<>(x  Xn)~1>(Xi,  .  .  .  Xn) 

between  the  roots  of  (I)  the  substitutions  of  G 
may  be  applied,  and  the  result  is  a  true  equation. 

This  is  not  true  for  all  substitutions.  For 
example,  let 

/<*)-*' 
whose  roots  are 

J'.m 

xm^=e  1  .  m  =  0,  1,  2. 

Take  as  domain  R(l),  and  as  rational  rela- 
tion 

r,T,=  l. 

On  applying  the  substitution 

/x.r.x,\ 

VxiXix./ 
this  relation  becomes, 

X*Xt  =  1. 

which  is  false. 

Group  Belonging  to  a  Rational  Function 
of  the  Roots  and  Rational  Functions  Belong- 
ing to  a  Group.— Let 

?(Xi,  .  .  .  Xn) 

be  a  rational  function  of  the  roots  of  (1).  Since 
the  group  G  of  (1)  contains  the  identical  sub- 
titution,  ^  remains  unaltered  by  at  least  one 
substitution  of  G  and  may  remain  unaltered 
by  others.  These  substitutions  form  a  subgroup 
of  G  called  the  group  belonging  to  <t>.  On  the 
other  hand,  let  H  be  a  subgroup  of  G.  Any 
rational  function  ${xi,  .  .  xn)  which  remains 
unaltered  by  the  substitutions  of  H  but  is 
changed  by  all  other  substitutions  of  G  is  said  to 
bdong  to  H.  It  is  important  to  note  that  while 
the  substitutions  of  the  Galoisian  group  which 
leave  a  rational  function  p7xi,  .  .  .  xn)  unaltered 
form  a  group,  this  property  does  not  hold  for 
substitutions  which  lie  outside  G.  For  example, 
the  substitutions  of  the  symmetric  group  S» 
which  leave 


+-=xix*.   xm  =  e    *  ,   ro  =  0,  1,  2,  3.  4,  5, 
do  not  form  a  group.    This  is  due  to  the  fact 
that   the  group  of   the  equation  x*  — 1=0. 
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the  domain  being  /?(1),  is  not  5.  but  a  smaller 
group. 

//  <>(xi,  .  .  .  xn),  V'(xi,  .  .  .  xn)  belong  to  the  same 
subgroup  H  of  the  Galoisian  group,  each  can 
be  expressed  rationally  in  terms  of  the  other. 

RATIONAL  RESOLVENTS. 

Let  9(xi,  ...  xn)  be  a  rational  function  of  the 
roots  of 

a«x«+a,x«— 1+  .  .  .  +a«  =  0,  (1) 
whose  group  for  the  domain  R  is  G.  Let  ? 
belong  to  a  subgroup  H  of  G  of  index  r.  Then 
on  applying  the  substitutions  of  G  to  9  it  will 
take  on  r  distinct  values, 

?.  *,  .  .  .  Pr— .,  (8) 
which  are  called  conjugate  functions.  They  arc 
in  fact  roots  of  an  irreducible  equation 

♦G0  =  (y— *)(y— *0  .  .  .  (y—Pr—i),  (9) 
whose  coefficients  lie  in  R.  It  is  thus  a  rational 
equation.  Suppose  one  of  its  roots,  say  «, 
can  be  found.  If  we  adjoin  it  to  R,  forming 
a  domain  R',  the  group  of  (1)  is  no  longer  G, 
but  H. 

Suppose  not  only  p  but  all  the  roots  of  (9) 
can  be  found.  Their  adjunction  to  R  forms  a 
domain  R"  for  which  the  group  of  (1)  is  the 
greatest  invariant  subgroup  of  G  contained  in 
H.  In  any  case  the  adjunction  of  one  or  more 
roots  of  (9)  produces  a  reduction  of  the  group 
of  the  given  equation  (1).  But  in  reducing  the 
group  of  this  equation  we  have  made  a  step  in 
its  solution.  For  when  the  domain  of  rationality 
has  been  enlarged  to  such  an  extent  that  the 
group  of  the  equation  (1)  embraces  only  the 
identical  substitution,  the  roots  of  (1)  are 
rationally  known,  that  is,  can  be  expressed 
rationally  in  terms  of  quantities  lying  in  that 
domain  of  rationality.  The  equation  (9)  is 
called  a  resolvent  equation,  or  more  specifically 

a  rational  resolvent,  since  its  roots  <p,  *  are 

rational  functions  of  the  roots  of  a  given 
equation  (1). 

The  group  of  the  resolvent  equation  (9)  is 
of  importance  sometimes.  In  the  functions  (8) 
considered  as  functions  of  the  x's,  let  us  effect 
the  substitutions  of  the  group  G.  This  gives 
rise  to  a  substitution  group  /  in  the  p's,  and 
this  group  is  the  group  of  the  resolvent  equa- 
tion (9),  the  domain  of  rationality  being  that 
of  G,  viz.,  R.  The  groups  G  and  f  are  what 
is  called  mcroedrically  isomorphic.  To  the 
identical  substitution  of  T  corresponds  the 
group  /  above  mentioned,  viz.,  the  subgroup  of 
G,  which  leaves  all  the  roots  (8)  unaltered. 
To  any  subgroup  A  of  f  will  correspond  a 
subgroup  Gi  of  G,  and  conversely.  In  particular 
if  fi  is  an  invariant  subgroup,  G,  is  also 
invariant. 

GAIXMS*   SOLUTION  OF   AN  EQUATION. 

Let  G  be  the  group  of  the  equation 

a«xn  +  Oix'» — 1  +  .  .  .+an  —  Q  (1) 
for  the  domain  7?.    Let  Hi  be  a  subgroup  of 

G  of  index  r,.    Let  *  fx  xn)  be  any  one  of 

the  infinity  of  rational  functions  belonging  to 
Hi.  Then  *  is  root  of  a  rational  resolvent 
♦,(v)  — 0  of  degree  ft.  On  solving  *i  =  0  and 
adjoining  one  or  more  of  its  roots  to  form  a 
new  domain  Rt.  the  group  of  (1)  is  now  a  sub- 
group of  Gi  of  G.  Let  Hi  be  a  subcroun  of  Gi 
of  index  r%,  to  which  belongs  the  rational  func- 
tion *t(xi,  .  .  .  xn).   This  is  the  root  of  a  re- 
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solvent*:(y)  =  0  of  degree  r%  On  solving  4",  — 0 
and  adjoining  one  or  more  of  its  roots  to  form 
a  new  domain  Ra,  the  group  of  (1)  is  now  a 
subgroup  Gi  of  Gt.  As  the  order  of  the  groups 
G,  Gi,  Gt,  decreases,  we  must  eventually 
arrive  at  the  identical  group  when  the  roots  of 
(1)  are  rationally  known.  Since  the  group  G 
usually  admits  quite  a  variety  of  subgroups,  and 
since  the  functions  <>  belonging  to  a  given  sub- 
group are  infinite  in  number.  Galois'  theory 
shows  that  the  number  of  ways  for  solving:  a 
given  equation  is  endless.  At  the  same  time  it 
clearly  shows  that  the  number  of  distinct  ways 
is  usually  quite  limited,  depending  on  the  sub- 
groups of  G. 

Among  the  solutions  of  the  equation  (1) 
which  Galois*  theory  offers,  one  class  is  par- 
ticularly interesting,  depending  on  a 

Series  of  Composition.— This  is  defined  as 
follows :  Let  Gt  be  an  invariant  subgroup  of  G, 
such  that  G  contains  no  invariant  subgroup 
containing  Gt.  It  is  then  a  maximum  invariant 
subgroup  of  C.  If  G  has  no  maximum  in- 
variant subgroup  besides  the  identical  group,  it 
is  simple.   The  series  of  groups 

G.G.G,,  .  .  .  Gx  =  \,  (10) 

such  that  each  is  a  maximum  invariant  sub- 
group of  the  preceding  group,  is  called  a  scries 
of  composition  of  G.  If  the  index  of  Cm  under 
Cm— i  is  rm,  the  numbers  n,  r,  .  .  .  r  .  arc  called 
the  factors  of  composition.  It  mav  be  possible 
to  decompose  a  group  G  into  a  series  of  com- 
position in  more  than  one  way.  Thus  the  cyclic 
group  C 

1,5.5*.  s*.  s*,  5», 

mits  the  series 


where 

A  =  ',l,s*,s*\,  B=U,5M. 

The  factors  of  composition  of  the  first  series 
arc  2.  3.  while  those  of  the  second  series  are 
3,  2.  They  arc  thus  the  same  aside  from  their 
order.  A  theorem  of  Jordan  states  that  how- 
ever a  group  be  decomposed  in  a  series  of  com- 
position, the  factors  of  composition  are  the 
same  aside  from  their  order. 

What  makes  the  solution  of  an  equation  by 
means  of  a  scries  of  composition  so  remarkable 
is  the  fact  that  the  resolvents  4>,=  0,  *,^=0  

=^  o  corresponding  to  the  subgroups  Gi, 
G, .  .  .  G\  -i  of  ( 10j  have  groups  fi.  ft,  .  .  .  f\  for 
their  respective  domains  which  are  simple. 
Their  orders  are  the  factors  of  composition. 
Moreover,  any  root  of  one  of  these  equations 
is  a  rational  function  of  any  root  of  that  equa- 
tion. Thus  on  adjoining  one  of  its  roots  the 
same  effect  is  produced  as  adjoining  all. 
Finally,  the  resolvent  equations  *>»=0  are  the 
simplest  possible. 

Cyclic  Equation  of  Prime  Degree.—  When 
the  group  G  of  an  equation  F(x)  0  is  a  cyclic 
group  of  prime  order  p  its  solution  is  readily 
effected,  as  Abel  showed  Let  the  roots  of 
F=0be  x»,  x,,...Xj>->,  and  let  }^(0,  1.  ...  P~  D- 

G-  {  1.  y.  >».     .  j. 
For  the  case  in  hand  we  may  suppose  the 


pth  roots  of  unity  />,/>*,...  lie  in  the  or'gi 
nal  domain  of  rationality.  Consider  the  rational 
functions 

0A=*g+p*X,-f  .  .  .+  pM^xp-,;  A=l,  2,...p—  1. 

On  applying  y  they  go  over  into  p~ h&.  Hence 
0^=0*  are  unaltered  by  y  and  hence  by  G. 

They  are  therefore  rationally  known.  On  ex- 
tracting a  pth  root  we  get 

»+P**i+  . . .  +*>**>-'>*, yfth. 

This  system  of  p  —  1  equations  together  with 

gives 


..p-\. 


The  pth  roots  which  enter  here  must  be  deter- 
mined uniquely  in  terms  of  one  of  them,  say 
P  |eT    The  others  are  rational  in  this  one.  for 


(x.,  +  Pkxi+  .  .  .  + 

(*,+  px,+  .  .  .+pP-*Xp->)r-»=rAh 

remains  unchanged  for  y  and  hence  for  G. 
Hence  these  Ah  are  rationally  known.   We  have 


This  result  gives  the  theorem:  Cyclic  equations 
Of  prime  degrees  can  be  solved  algcbraicallv,  i.e., 
by  the  extraction  of  roots  from  known  quanti- 
ties. 

Algebraic  Solution  of  an  Equation.— Let 
the  equation 


ooxn+aix*—^  .  .  .  +  o«==0 


(1) 


have  a  group  G  for  a  certain  domain  /?,  whose 
factors  of  composition 

r,,rt,  .  .  . 

are  all  primes.  Then  (1)  can  be  solved  alge- 
braically. For  the  corresponding  chain  of  re- 
solvents 

4>,^0,  0  

have  groups  of  prime  orders  r,,  r  ;  they 

are  therefore  cyclic  equations,  whose  solution 
has  just  been  effected.  Since,  as  will  be  set 
forth  later  at  more  length,  it  is  never  necessary 
to  employ  other  than  rational  resolvents,  the 
above  results  leads  to  Galois*  Criterion  for  the 
Solution  of  an  Equation  by  Radicals.  In  order 
that  (1)  admit  an  algebraic  solution  it  is  neces- 
sary and  sufficient  that  the  factors  of  composi- 
tion of  its  Galoisian  group  consist  of  primes 
only 

Application  to  the  Solution  of  the  Biquadra- 
tic 

x*  +  0lx'  +  0-.X1  +  axx  +  a*  ~  0.  (11) 

For  simplicity  let  us  suppose  its  coefficients  are 
independent  variables  Lot  the  original  domain 
of  rationality  R  embrace  besides  the  coefficients 
:i  cube  root  of  unity  Then  the  group  of  (11) 
is  the  symmetric  group  St.  As  subgroups  of 
S*  we  note  the  alternate  group  A,,  which  con- 
sists of  all  the  substitutions  of  S,  which  can  be 
obtained  by  an  even  number  of  exchanges  of  the 
roots  of  our  equation,  the  axial  group  G%  = 
{1,  (12) (34).  (13) (24),  (14) (23) and  the 
semi-axial    group  ft  -  { 1,    (12)  (34)}.  The 
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groups  St,  A,,  Gt,  Gs,  1  form  a  scries  of  compo- 
sition whose  factors  are  obviously 

2.  3,  2.  2. 

As  they  are  primes,  the  equation  (11)  admits 
an  algebraic  solution.  To  solve  (11)  let  us 
proceed  with  Starkweather  as  follows :  To  form 
our  first  resolvent,  let  us  use  the  subgroup  At, 
aud  take  as  function  belonging  to  this  group 

*^Ui  —  x,)  ( x,  _  jr.)  (x,  —  x.) 

(x,—  x,)(x,-x«)(x,-x,)  (12) 
The  corresponding  resolvent  is 

♦  =  (13) 
where  J  is  the  discriminant  of  (11). 

On  adjoining  +=\JA  our  domain  is  Ri{R,\J  J), 
for  which  the  group  of  (11)  is  A*. 

A  subgroup  of  A.  is  Gt  A  rational  function, 
belonging  to  this  is 

^=XtXi  +  XtXt. 

This  gives  the  resolvent 

—  {  «.(<!,«  —  4a,)  4-  a,*  |  ^=  0.  (14) 

The  solution  of  this  cubic,  which  is  a  cyclic 
equation,  gives  V  as  a  known  explicit  function 
of  quantities  in  On  adjoining  V  we  get  the 
domain  R,'R.  Vi.V),  for  which  the  group  of 
(11)  is  G..  The  next  subgroup  we  take  is  (7,  to 
which  belongs 

r—  x,  +  r,—  (x,  +  x,) 
This  gives  the  resolvent 

X*=X*  —  (4V  +  o.*—  4<i,)=C 

The  extraction  of  a  square  root  gives  .X, 
whose    adjunction    produces    the    domain  R, 

(R,\/d,  V',  *\  for  which  the  corresponding  group 
of  (11)  is  GY  The  last  group  we  take  is  the 
identical  group,  to  which  belongs  xt.  The  cor- 
responding resolvent  is 

The  solution  of  this  quadratic  gives  xi.  Its 

ad  unction  gives  the  domain  RJR,  y/  J,  V1,  x,  xi) 
for  which  the  group  consists  only  of  the  iden- 
tical substitution.  Hence  all  the  other  roots  of 
(11).  viz.,  x>,  x».  x.,  must  lie  in  Rt.  This  is 
indeed  so,  for 

Xi=-=Xi —  $  i>  +  i  t  - 
To  get  x»,  x.,  we  note  that  if       V"  denote  the 
two  other  roots  of  (14), 

^■•-V'Mv-V'") 

Here  the  numerator  is  the  square  root  of  the 
discriminant  of  (14),  which,  as  is  well  known, 
is  the  same  as  ihc  discriminant  J  of  (11).  The 

denominator  is  obviously  ^  .  Thus 

ac=  (x,  —  x,)  (jr.— x,). 

a  quantity  lying  in 

Moreover,  xi,  x;  being  already  found,  xi — xt=^ 
and  xi  +  x:— y  are  known;  also  xt  -4-  x>  +  x»  -fx«= 
y  +  Xj -|-Xi— — 'Ji  is  known.  This  last  with 
/3(xi — x.)=a  gives  xi  and  x«. 

Lagrange's  Solution  instead  of  employing  a 
scries  of  composition  uses  the  following  sub- 


groups, At,  O,  C,  1,  where 

0-|l.  (1324),  (13) (24).  (1423),  (12),  (34), 

(12) (34),  (14) (23)  }. 
As  rational  function  belonging  to  At  La- 
grange uses  the  function  (12),  which  gives  rise 
to  the  resolvent  (13).    As  rational  function 
belonging  to  O,  Lagrange  takes 

0-{x,  +  x1-(x,+xOp. 
whose  conjugate  values  arc 
".=  |x,+x1~(x,+xl) }»  <»,-={  x.-Hfc-te+x.) } ». 
The  corresponding  resolvent  is 
e=/»_  (3u,»-8a,)tf»  4-  (3a,«  —  16j,<a,  +  16,1* 

+  16a,a,—  64a,)0—  (a,»  — 4.7,a,  +  8a,)«=  0. 
For  the  subgroup  G,  he  takes 
v^xi+x,—(x,  +  xt), 
which  gives  the  resolvent 

For  the  identical  group  1,  Lagrange  uses 

<J^=X.  +X»  — (Xi  +x.), 
which  gives  the  resolvent 

U—  o»— 6=0. 

For  the  domain  V  J,  fl,  0,,  Hu  9>  u),  the 

group  of  the  biquadratic  is  (1),  and  its  roots 
therefore  lie  in  R'.    In  fact  we  have 

xi  +  »— x.  —  V», 
xi +xi— x,— x,=  V"7, 
Xl  -I-  x<  —  Xl  —  X;—  A7".. 
xt  -I-Xj  +  X;  4-x.^—  o,. 
From  which  wc  get 

*t=J(— «i  +  V»+ V'"i+ V»^,  J-l,  2^3,  4.  _ 
Here  we  choose  at  will  the  signs  of  V^,  V 
The  sign  of  V'^i  is  then  determined,  for 
V  0  V^V  ^=4^^.— a,«— 8a,. 

Abelian  Equations. —  Let  (7  be  the  group  of 
an  equation  f(x)  =0  for  a  certain  domain.  If 
the  substitutions  of  G  are  commutative,  that  is, 
f  Si-r(t  —  SuSt  f°r  any  two  substitutions  st,  s*  of 
(7,  the  equation  /  =  0  is  called  Abelian  in  honor 
of  Abel,  who  first  studied  them.  Wc  may  show 
at  once  that  every  subgroup  of  G  is  invariant 
and  that  its  factors  of  composition  arc  all 
primes.  Hence  all  Abelian  equations  can  be 
solved  algebraically.  The  most  important  equa- 
tions of  this  type  are  the  equations  of  degree 
^(n)  on  which  the  nth  roots  of  unity  depend. 
Here  <t>(n),  called  the  totient  of  n.  is 


"(->-)('-*)-■ 


where  p.  q,  ...  are  the  different  prime  factors 
of  n.    The  domain  of  rationality  is  R(l). 

Equat;on  of  Degree  ">  4. —  The  group  of 
the  equation  (1)  when  no  restrictions  arc  placed 
on  the  coefficients,  i.e.,  when  they  arc  inde- 
pendent variables,  and  when  the  domain  of 
rationality  contains  not  only  the  coefficients  but 
any  constants,  is  the  symmetric  group.  When 
«=^2,  3,  4,  its  factors  of  composition  are  primes. 
Not  so  when  n^>4.  In  this  case  its  only  in- 
variant subgroup  besides  the  identical  group  is 
the  alternate  group  whose  order  is  in !.  Thus 
the  factors  of  composition  are  2,  in\.  The 
latter  is  not  a  prime.  We  have  thus  Abel's 
Theorem:  Equations  of  degree  >  4,  whose 
group  is  the  symmetric  group,  cannot  be  solved 
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algebraically;  i.e.,  their  roots  cannot  be  found 
by  extracting  roots  from  known  quantities. 

We  have  just  observed  that  when  the  coeffi- 
cients of  an  equation  of  degree  >  4  are  inde- 
pendent variables,  it  cannot  be  solved  algebraic- 
ally. From  that  we  cannot,  however,  deny  that 
every  equation  of  degree  >  4  with  constant  co- 
efficients may  admit  an  algebraic  solution.  This 
important  question  was  finally  settled  by  Hil- 
bert,  who  showed  that  there  are  an  infinity  of 
equations  of  any  degree  with  rational  integral 
coefficients  whose  group  in  R(,l)  is  the  sym- 
metric group. 

IRRATIONAL  RESOLVENTS. 

Up  to  the  present  we  have  considered  the 
effect  on  the  Galoisian  Group  of  an  equation,  of 
adjoining  roots  of  rational  resolvents  to  the  cur- 
rent domain  of  rationality.  In  many  investiga- 
tions it  is  important  to  consider  the  adjunction  of 
roots  of  equations  which  may  not  be  rational 
functions  of  the  roots  of  the  given  equation. 
Equations  whose  roots  are  not  rational  functions 
of  the  roots  of  the  given  equation  are  called 
irrational  resolvents  when  used  in  the  solution  of 
the  given  equation.  A  theorem  which  lies  at 
the  foundation  of  this  subject  is  due  to 
Kroneckcr.  Let  f(x)  —  0,  g(y)  *=*0  be  two  ra- 
tional irreducible  equations  for  the  domain  R  of 
degrees  m,  n  respectively.  If  on  adjoining  a  root 
x>>  of  f  =  0,  g(y)  becomes  reducible,  the  adjunc- 
tion of  a  root  yx  of  £  =  0,  will  make  f(x)  re- 
ducible. If  *(x),  V'(x)  o/  degrees  a,  fi,  re- 
spectively, be  the  irreducible  factors  for  the 
new  domains  that  xt  y,  satisfy,  then 

m  n 

a  =  f 

As  an  important  corollary  of  Kronccker's 
theorem  we  have:  Let  the  adjunction  of  yt 
reduce  the  group  G  of /(x)  =0  to  an  invariant 
subgroup  of  index  i.  Then  n  is  a  multiple  of  i 
and  hence  never  less  than  i.  When  n=i  (and 
this  is  always  the  case  if  «  is  a  prime)  p(y)  ^=0 
is  a  rational  resolvent. 

Another  theorem  of  great  importance  in  this 
connection  is  due  to  Jordan.  //  the  adjunction 
of  all  the  roots  of  ff(y)  =0  reduces  G  to  a  sub- 
group Gi  of  index  i,  the  adjunction  of  all  the 
roots  of  f(x)  reduces  the  group  H  of  g(y)  to 
a  subgroup  Ht  of  index  k.  The  two  groups 
Gi,  Hi  are  invariant  and  i*=*k.  Finally,  when 
H  is  simple  g(y)  =0  is  a  rational  reso'vent. 

Application  to  Some  Celebrated  Problems. 
—  The  Delian  Problem  or  duplication  of  the 
cube  requires  the  solution  of 

x*-2=0 

by  rule  and  compass.  The  construction  of  the 
regular  polygons  by  rule  and  compass  is  an- 
other famous  problem  of  antiquity.  Its  solu- 
tion depends  upon  the  irreducible  equation  of 
degree  *(n)  already  referred  to.  That  the 
Delian  Problem  is  impossible  follows  at  once 
from  the  theorem:  In  order  that  a  root,  real 
or  imaginary,  of  an  irreducible  equation 
f(x)  ■=  0  can  be  constructed  geometrically  it  is 
necessary  that  the  degree  of  f  be  a  power  of 
two.  From  this  theorem  we  also  conclude: 
The  necessary  and  sufficient  condition  that  a 
regular  pplvgon  of  n  sides  can  be  constructed 
by  rule  and  compass  is  that  the  totient  of  n  is 
a  power  of  two. 

Another  famous  question  is  the  Casus  Irre- 
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ducibilis  of  cubic  equations.  The  theory  of 
irrational  resolvents  enables  us  to  prove  readily 
the  following  general  theorem :  An  irreducible 
equation  of  degree  n  whose  roots  are  all  real 
can  never  be  solved  by  real  radicals  alone  if  n 
contains  other  factors  than  two. 

That  the  casus  irrcducibilis  is  indeed  such 
follows  as  corollary  of  this  theorem. 

Holder's  Theorem.— One  of  the  most  im- 
portant and  fundamental  contributions  to  Ga- 
lois' theory  in  recent  years  is  a  theorem  of 
Holder.  Speaking  roughly,  it  asserts  that  how- 
ever the  solution  of  a  given  equation  f(x)  —  0 
be  conducted,  sometime  in  the  course  of  the 
solution  certain  simple  equations  whose  croups 
are  uniquely  determined  and  known  in  advance 
must  be  employed.  When  the  group  of 
/(xJ^O  is  simple  (in  which  case  we  say  fix) 
is  simple)  it  can  be  solved  by  no  other  simple 
equation  0(y)=O  essentially  different  from 
/= 0.  The  solution  of  any  given  equation 
therefore  depends  upon  a  chain  of  simple  equa- 
tions. But  of  all  simple  equations  belonging  to 
a  given  group  certain  ones  will  enjoy  peculiar 
properties  which  will  recommend  their  selection 
as  normal  equations.  The  reduction  of  the 
given  equation  to  these  normal  equations  is  a 
problem  by  itself. 

THE  SOLUTION  OF  THE  QUINTIC. 

We  have  seen  that  the  equation  of  fifth  de- 
gree Q  =  0  whose  group  is  the  symmetric  group 
cannot  be  solved  by  means  of  radicals,  i.e.,  by- 
resolvents  of  the  type  x» — a  =  0.  On  adjoin- 
ing (Xt — Xi)  (Xt — Xi)  (Xt — Xt)  (Xi— Xi)  (Xj—Xi) 

(xi — Xt)  (x»— x.)  (xi— x«)  (xt— x.)  (x. — Xi)  the 
square  root  of  its  discriminant  4,  the  group  of 
Q^0  reduces  to  the  alternate  group  At  of  60 
substitutions.  But  At  is  simple.  Thus  Q=K) 
is  a  simple  equation  for  the  domain  R(y/ J). 
Other  algebraic  equations  having  this  group 
arise  in  the  theory  of  linear  differential  equa- 
tions, and  also  in  the  theory  of  elliptic  func- 
tions. In  fact  the  hypergcomctric  function 
a-3       a-a  +  l-flf) +  1 

is  a  solution  of  a  very  simple  differential  equa- 
tion of  the  second  order  G=0.  For  variable 
a,  fi,  y,  it  represents  a  new  transcendent ;  but 
for  certain  values  of  these  parameters  it  re- 
duces to  the  elementary  functions;  e.g.,  it  may 
become  algebraic.  In  seeking  for  these  latter 
cases  Schwarz  was  led  to  introduce  a  new  vari- 
able s,  the  quotient  of  two  fundamental  inte- 
grals of  G=U  This  variable  for  certain  values 
of  a,     Y  satisfies  the  equation 

J(s)—\72&xf(s)  +H*(s)=0, 

where 

/(j)«=j(r,,+llr'-l), 

//(j)=j»— 288f"+494^+2885,-r-  I. 
The  equation  7=0  stands  in  so  intimate  relation 
with  the  icosahedron  that  it  is  called  the  icosa- 
hedral  equation.  Indeed  if  we  project  stcreo- 
graphically  the  icosahedron,  on  the  j-plane.  the 
centre  being  at  the  origin,  the  12  vertices  and 
the  middle  points  of  the  20  faces  will  be  pre- 
cisely the  roots  of  /  and  H  respectively. 

From  this  it  is  easy  to  conclude  that  the 
group  of  7=0  is  formed  of  the  60  rotations 
which  leave  the  icosahedron  unchanged.  Klein 
has  shown  that  the  icosahedral  equation  whose 
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roots  are  very  simple  known  functions  of 
F{o,  2,  x  can  be  put  in  connection  with  0=0. 
The  equation  J=0  may  thus  be  considered  as 
a  normal  resolvent  of  the  quintic. 

A  normal  resolvent  which  springs  from  the 
elliptic  functions  is  the  following:  In  trigo- 
nometry one  of  the  problems  is  to  express  sin 

—  in  terms  of  sin  x,  n  a  prime  number.  This 

may  be  done  algebraically,  as  is  readily  shown. 
In  the  elliptic  functions  the  same  problem 
arises.      Here  the  algebraic  relation  between 

P  fjj| ,  wi,  it |J  and  p(v,ui,u,)  is  of  degree  n* — 1. 

The  solution  of  this  equation  depends  upon  an 
equation  of  degree  it+1  called  an  equation  of 
transformation.    For  n=5  such  an  equation  is 

jy+lOJy'— 12c.y+5=-0,  (IS) 

whose  group  is  the  above  A%  and  whose  roots  are 


and 


\P  5  P  S        )  ' 


r=0,  1,  2,  3,  4. 
Here  J  is  the  discriminant  g*-—27g%.  How 
equations  of  this  type  could  be  set  in  relation 
with  the  qtiintic  was  first  shown  by  Hermite 
in  1858.  The  equation  (15)  was  used  by  Kie- 
pert.  It  forms  a  very  convenient  normal  re- 
solvent of  the  quintic 

Having  found  in  the  elliptic  functions  con- 
venient normal  resolvents  for  this  quintic,  we 
might  hope  to  employ  the  equations  of  transfor- 
mation of  higher  orders  to  solve  the  general 
equations  of  higher  degrees.  The  considera- 
tion of  their  groups,  however,  shows  very  easily 
that  this  is  not  possible.  To  find  suitable 
equations  we  must  pass  from  the  elliptic  to  the 
hypcrclliptic  functions.  By  their  aid  the  gen- 
eral equation  of  every  degree  can  be  solved. 
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EQUATIONS,  General  Theory  of.  The 

theory  of  equations  finds  its  origin  in  efforts  to 
solve  the  equations  which  arise  in  the  appli- 
cations of  algebra  to  problems  in  pure  geometry 
or  in  applied  mathematics.  In  the  exposition  of 
this  theory  a  rational  integral  algebraic  func- 
tion of  x  arises  which  may  be  defined  as 
follows : 

/CaO^tur"  +  flir"-1  +  acc*-*  4-  .  .  .  +  am* +fln. 
It  is  assumed  here  that  the  exponent  n  is  a  posi- 
tive integer  and  that  the  coefficients  Oo,  Oi, 
a%  .  .  .,  an  are  algebraic  numbers  independent 
of  x.    If  this  polynomial,  is  put  equal  to  zero, 


we  have  an  equation  of  the  nth  degree.  Any 
value  of  the  variable  x  which  makes  the  value 
of  the  polynomial  zero  is  said  to  "satisfy  the 
equation"*  f(x)  =0  and  is  called  a  "root*  of 
the  equation.  Thus,  —  1  is  a  root  of  the  equa- 
tion x»  +  x  +  2  =  0.  because  (-l)'+(-l) 
+  2  =  0. 

Fundamental  Theorems  about  Roots. — 

That  at  least  one  root  of  the  equation  f(x) 
*=0  always  exists  is  a  fundamental  theorem 
which  it  is  somewhat  difficult  to  establish  rigor- 
ously. The  proofs  usually  given  in  elementary 
texts  lack  rigor.  Among  the  most  satisfactory 
demonstrations  are  the  four  given  by  C.  F. 
Gauss  and  the  one  based  on  the  theory  of  func- 
tions, given  by  A.  L.  Cauchy.  Granted  that 
every  equation  of  the  nth  degree  has  at  least 
one  root,  it  is  easy  to  show  that  it  has  n  roots 
and  no  more.  An  equation  of  the  second  degree 
(a  "quadratic  equation")  has  two  roots,  one  of 
the  third  degree  (a  "cubic  equation")  has  three 
roots,  one  of  the  fourth  degree  (a  "quartic*  or 
"biquadratic  equation")  has  four  roots,  and  so 
on.  The  proof  of  this  theorem  may  be  outlined 
as  follows:  If  rt  is  a  root  of  /(.r)  =0,  then 
f(x)  is  divisible  by  x — r,  without  a  remainder, 
so  that  f(x)  =  (x  —  ri)/t(.r),  where  fi(x),  the 
quotient,  is  of  the  (n — l)th  degree.  If  r«  is  a 
root  of  f\(x)  =0,  then  in  the  same  way  fi(x) 
■*■  (■*"  —  u)f„  (-r),  and  f(x)  =  (x  —  rO  (x  —  r,) 
/„  (x).  Proceeding  in  this  manner,  the  degrees 
of  the  successive  quotients  diminish  by  unity  at 
every  step,  until  finally  a  binomial  quotient  of 
the  first  degree  of  the  form  a*(x  —  rn)  is  ob- 
tained. We  then  have  /(x)=o»(jr  —  rt) 
(x  —  fi)  ...  (x  —  rn)  =  0.  There  are  here  n 
binomial  factors  and  no  more,  each  of  which, 
when  equated  to  zero,  yields  a  root.  In  special 
cases  some  of  these  roots  may  be  equal  to  each 
other.  Such  roots  are  called  "equal"  or 
"multiple"  roots. 

There  arc  important  relations  existing  be- 
tween the  roots  and  the  coefficients  of  an  equa- 
tion.   From  the  equalities 

(x — ri)  ( x  —  ri)  =  x*  —  ( rt  +  r t)  x  4-  r ir» = 0 ; 
(x-r,)(x-r,)(x— r,)=x»)-(r,  +  r,  +  r,)* 

-Hnr,  -f-  r,r,  -f-  r*,)x— rtrtr,=0\ 

•:  i   

(*— r,)(x— r.).  .  .  (x— r»)=x» 

—  (ri  +  r,  +  .  .  .  +r»)x"-1 

+  (rir»+r,r,+  .  .  .  +  )x*-i 

—  ...  -f-  ( —  l)»riri  .  .  .  r»  — 0. 

we  see  that  in  the  equation  /(x)*=0,  when 
ci«=l,  the  coefficient  at  of  the  second  term  is 
equal  to  minus  the  sum  of  the  roots;  the  co- 
efficient at  of  the  third  term  is  equal  to  the  sum 
of  the  products  of  the  roots,  taken  two  by  two ; 
the  coefficient  a»  of  the  fourth  term  is  equal  to 
minus  the  sum  of  the  products  of  the  rocfts, 
taken  three  by  three;  and  so  on,  until  finally  we 
arrive  at  the  last  coefficient,  on,  which  is  equal 
to  '  —  !)•»  times  the  product  of  all  the  roots. 
The  coefficients  of  the  equation  are  said  to  be 
symmetric  functions  of  the  roots,  that  is,  func- 
tions in  which  any  two  roots  may  be  inter- 
changed without  altering  the  value  of  the  func- 
tion. As  an  illustration  take  2.r*  +  4.r*  +  6x 
—  5^0.  To  make  o.=  1,  divide  through  by  2. 
Then  the  sum  of  the  three  roots  is  —2,  the  sum 
ot  their  products,  taken  two  by  two.  is  3,  the 
product  of  all  three  roots  is-;. 

The  roots  of  an  equation  may  be  complex 
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(i.e.,  imaginary)  quantities.  (See  Algebra). 
Thus  the  equation  x*  +  x  +  1  =  0  has  ihc  two 
complex  roots  J(—  1  and  J(—  I— i'V'3), 

where  i  =  V — >•  H  the  coefficients  of  the  equa- 
tion fix)  *"0  are  all  real,  then  it  can  be  shown 
that,  if  complex  roots  occur  at  all,  they  occur 
in  conjugate  pairs;  that  is,  if  a  +  ib  is  a  root, 
then  a  —  ib  is  likewise  a  root.  From  this  it 
follows  at  once  that  no  cubic  or  other  equation 
of  odd  degree  and  with  real  coefficients  can 
have  all  its  roots  complex.  Considerable  infor- 
mation on  the  character  of  the  roots  can  usually 
be  secured  from  "Descartes'  Rule  of  Signs,* 
which  may  be  stated  as  follows:  An  equation 
with  real  coefficients  has  as  many  positive  roots 
as  it  has  variations  in  sign,  or  fewer  by  an  even 
number.  A  variation  is  said  to  exist  whenever 
two  successive  terms  have  opposite  signs.  Thus 

ihere  are  two  variations  in  +  +.  The 

theorem  may  be  proved  from  the  consideration 
that  every  time  that  a  new  positive  root  is  in- 
troduced into  an  equation,  by  multiplying  /{*) 
by  (x  —  r),  the  number  of  variations  is  in- 
creased by  an  odd  number.  Applying  Descartes' 
Theorem  to  the  equation  x*  —  x*  +  x*  +2x*  — 
5™""0,  observe  that  the  sequence  of  signs  is 
+  —  +  +  — .  There  arc  three  variations ; 
hence,  the  equation  has  cither  three  positive 
roots  or  one.  To  apply  the  theorem  to  negative 
roots,  we  first  transform  the  given  equation  into 
a  new  one  whose  roots  arc  the  same  as  those 
of  the  given  equation,  excepting  in  sign.  This 
can  be  done  by  writing  —  x  in  place  of  x.  The 
above  sextic  then  becomes  x  4-  x*  +  x*  +  2x* 
—  5  ™^).  This  transformed  equation  has  one 
variation;  hence,  by  Descartes'  Rule  (q.v.),  it 
has  one  positive  root,  and  the  given  equation 
has  one  negative  root.  As  the  total  number  of 
roots  is  six  and  the  number  of  real  roots  is 
four  or  two,  it  follows  that  either  two  or  four 
of  the  roots  are  complex.  By  the  same  reason- 
ing we  can  show  that  x*  —  1=0  has  one  posi- 
tive and  four  complex  roots  and  that  x*  +  x* 
+  1=*0  has  all  its  roots  complex.  In  some 
cases,  as  in  x*  +  x*  —  x*  +  5  =  0,  Descartes' 
Rule  gives  but  little  information. 

Strenuous  efforts  have  been  put  forth  bv 
mathematicians  to  discover  theorems  by  which 
the  exact  number  of  real  and  of  complex  roots 
of  equations  with  real  coefficients  can  always 
be  determined.  The  most  noted  result  of  these 
efforts  is  the  theorem  of  J.  C.  F.  Sturm,  dis- 
covered in  1829.  Sturm's  theorem  tells  the 
number  of  complex  roots,  and  the  number  of 
real  roots  within  a  g'ven  interval,  with  unfailing 
certainty;  but  it  labors  under  the  disadvantage 
of  being  laborious  in  its  application.  Hence 
it  is  commonly  used  only  when  the  simpler 
methods  fail  to  give  the  wanted  information. 
We  state  the  theorem  for  the  special  case  when 
f(x)  ^  0  has  no  equal  roots.  Let  /'  (r)  be  the 
first  derived  function  of  f{x).  (See  Calculus). 
Then  proceed  with  the  process  of  finding,  by 
division,  the  highest  common  factor  of  fix) 
and  f'(x),  with  this  modification,  that  the  sign 
of  each  remainder  be  changed  before  it  is  used 
as  a  divisor.  Continue  the  process  until  a  re- 
mainder is  reached  which  does  not  contain  .r, 
and  change  the  sign  of  that  also.  Th"  functions 
fir),  f'(.r),  together  with  the  several  remain- 
ders with  their  signs  changed,  viz..  f,(x),  fi(x), 
 /  (x),  arc  called  "Sturm's  functions  '1 


Sturm's  theorem  is  as  follows:  //  f(x)  —0 
has  no  equal  roots,  let  any  two  real  quantities 
a  and  b  be  substituted  for  x  in  Sturm's  func- 
tions, then  the  difference  between  the  number 
of  variations  of  sign  in  the  series  when  a  is 
substituted  for  x  and  the  number  when  b  is 
substituted  for  x  expresses  the  number  of  real 
roots  of  f(x)  =0  between  a  and  b.  To  make 
this  clearer,  take  f(x)  -=  x'  —  x*  —  lOx  +  1, 
then  /'(x)=3x*  —  2x  —  10,  /,(*)  — 62*  +  1. 
/i(x)  =38,313.  For  the  indicated  values  of  * 
the  signs  of  the  Sturmian  functions  are  as 
follows : 

*       f(x)     fix)     Uif)  Uix) 

4  +  +  +  + 
3        -        +        +  + 


1 

0 

—  2 

—  3 

—  oo 


+ 

+ 


z  X 


+ 
+ 
+ 


+ 
+ 
+ 
+ 

+ 


Since  x  80  gives  no  variations  and  *  —  —  00 
gives  three  variations,  there  are  three  real 
roots  between  00  and  —  • .  Hence  there  are 
no  complex  roots.  The  real  roots  lie  between 
3  and  4,  0  and  1,  — 2  and  — 3. 

Transformations  of  Equations.—  The  study 
of  the  properties  of  an  equation  is  frequently 
facilitated  by  the  transformation  of  the  given 
equation  into  a  new  one  whose  roots  (coeffi- 
cients) bear  a  given  relation  to  the  roots  (co- 
efficients) of  the  original  equation.  Thus,  in 
applying  Descartes'  Rule  to  negative  roots  we 
transformed  the  equation  into  another  whose 
roots  were  numerically  the  same,  but  differed 
in  sign.  If  the  roots  of  the  new  equation  are 
to  be  m  times  those  of  the  one  given,  we  place 
y=mx  and  substitute  y/tn  for  x.  For  instance, 
if  the  roots  of  the  transformed  equation  are 
to  be  10  times  those  in 

1000  100 


i*— x1— 2x4-5=0,  we  get  -r£-  — 


or  y'— \0y*— 20Oy+5000*=O.  The  result  is  ob- 
tained more  easily  by  the  rule:  Mul.iply  the 
second  term  by  m,  the  third  by  m*,  and  so  on. 
If  the  roots  of  the  new  equation  arc  to  be  the 
reciprocals  of  the  roots  of  the  old  we  write 

x  «  -.    A  more  important  transformation  is  the 

one  of  diminishing  the  roots  by  a  given  number 
h.  We  have  here  y=x— A.  Substituting  y+h 
for  x  in  a*x  >  +  a.x"-*  +  car"-1  +  .  .  .  4-a„=0,  we 
obtain 

a.  (y+/0«+a,  (>-+/,)»-• 

+o,(y4-ft) »-'+.., +a -0. 
Expanding  the  binomials  and  collecting  like 
terms,  we  obtain,  let  ns  suppose, 

A.y  +A>y"-,+A,y^t+. . .  +An  =0. 
Writing  x — h  for  y  we  get 
A.ix— h)*+Atix-h)«-> 

+ . . .  +A „- iix—h )  +An-*0, 
which  differs  from  the  original  equation  merely 
in  form.  This  new  form  suggests  an  easy  way 
for  carrying  out  the  actual  computation. 
Div'd'ng  the  left  member  by  x — h,  the  re- 
mainder obtained  is  seen  to  be  An,  the  abso- 
lute term.    Dividing  the  quotient  thus  obtained 
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by  x  —  k,  the  remainder  is  An-i.  By  repeating 
this  process  the  remaining  coefficients  of  the 
required  equation  are  secured.  The  process, 
called  "synthetic  division*  is  very  convenient 
in  this  transformation.  Suppose  we  desire  to 
transform  xt+&Xt—  x+6=0  into  another  in 
which  the  second  term  is  wanting.  The  sum  of 
the  roots  is  —  8  hence,  to  cause  x*  to  disappear, 
we  must  increase  each  root  by  2  (i.e.,  dimin- 
ish by  — 2).  Dividing  successively  by  x+2  we 
obtain  the  coefficients  —40.  63.  —24.  0.  1.  and 
the  required  equation  is  x%— 2Ax*+63x — 40=-0. 

The  transformations  thus  far  considered  are 
all  special  cases  of  the  so-called  nomographic 
or  projective   transformation   in   which   y  — 

a*^~  j ,  a,  ft,  c,  d  being  constants.  Thus,  if 
cx-r  a 

a=d=\  and  c==0,  we  have  the  preceding  trans- 
formation. The  homographic  transformation  is 
of  interest  in  geometry,  in  the  study  of  homo- 
graphic  ranges  of  points.  The  most  general 
rational  algebraic  transformation  of  the  roots 
of  an  equation  fix )=€  of  the  nth  degree  can 
always  be  reduced  to  an  integral  transformation 
of  a  degree  not  higher  than  the  (m — l)th,  and 
can,  therefore,  be  represented  by  the  relation 

y  +  </•**  +  .  .  .  +  dnx*-t. 

This  last  is  known  as  the  *Tschirnhauscn  trans- 
formation,* by  which  Tschirnhausen  in  1683 
hoped  to  be  able  to  reduce  the  general  equation 
of  the  nth  degree  to  the  binomial  form 
x»—  oP^O,  which  is  always  solvable.  But  this 
transformation  to  the  binomial  form  can  be 
effected  only  for  general  equations  that  are 
lower  than  the  fifth  degree. 

Solution  of  Equat'.ons. —  This  subject  re- 
solves itself  into  two  quite  distinct  parts:  (1) 
The  solution  of  numerical  equations  (i.e., 
equations  whose  coefficients  are  given  numbers) 
by  some  method  of  approximation  to  the  exact 
value  of  the  roots;  (2)  the  solution  of  equa- 
tions, whose  coefficients  arc  either  given  num- 
bers or  letters,  by  operations  which  will  give 
the  accurate  values  of  the  roots,  expressed  in 
terms  of  the  coefficients, —  such  expressions  to 
involve  no  other  processes  than  addition,  sub- 
traction, multiplication,  division  and  the  ex- 
traction of  roots.  The  former  is  called  a  solu- 
tion by  approximation,  the  second  is  called  the 
algebraic  solution  of  equations.  In  the  former 
each  root  may  be  found  separately,  in  the  lat- 
ter a  general  expression  is  obtained  which  rep- 
resents all  of  the  roots  indifferently.  The  for- 
mer is  of  importance  to  the  practical  comptitor, 
the  latter  is  of  special  interest  to  the  pure 
mathematician.  The  solution  by  approximation 
can  be  effected  for  equations  of  any  degree ;  the 
algebraic  solution  is  impossible  for  general 
equations  of  the  fifth  or  of  higher  degrees. 
See  Equations,  Galois'  Theory  of. 

Algebraic  Solution  of  Equations. —  The 
algebraic  solution  of  the  quadratic  equation 
ax*+bx+c=0  is  well  known.  (See  Algebra). 
The  algebraic  solution  of  the  cubic,  due  to 
Scipio  Ferro  and  Tartaglia,  and  first  published 
by  H.  Cardan  in  1545,  is  known  as  'Cardan's 
solution*  To  effect  it,  first  transform  the  gen- 
eral cubic  equation  so  that  the  second  term 
shall  be  wanting.  This  done,  we  have  x*+ox+ 
ft=0.   Putting  r=v+~  we  obtain 

tf+3ys(y+s)         ofy+r)  +ft=0. 
or      y,+r,+  (3y~-+a)  (y+s)  +ft=0. 


We  may  subject  y  and  z  to  any  second  condi- 
tion which  is  not  inconsistent  with  x~ y+s. 
It  will  be  convenient  to  assume  3yr+o=0. 
Then  jf-rV+ft-K),  or,  substituting  for  *  its 

value  — «/3y,  we  obtain  y*+  h^-jj  and 

*  +  \ji  +  2"7  • 

Since  x~y-\-x,  we  have 

 3 )       b\   .      ib'  .  u*    ,  3  I      b        ;b'  .  a* 

Since  y*  and  «*  have  each  three  cube  roots,  it 
might  seem  as  if  y~t~*  or  x  had  altogether  nine 
values.  As  the  cubic  has  only  three  roots,  this 
cannot  be.  Of  the  nine  values,  six  are  ex- 
cluded by  the  relation  3ys+o=Q,  which  y  and  * 
must  satisfy.    Eliminating  z  between  x^y-H* 

and  3y*+o=0,  we  get  x=y —       where  y  has 

the  three  values  obtained  from  the  expression 
for  y*  given  above.  This  last  expression  for  x 
does  not  involve  the  difficulties  of  the  first  ex- 
ression.  If  the  numerical  values  of  the  coef- 
cients  o'and  b  arc  given,  the  numerical  values 
of  the  roots  may  be  obtained  by  substituting 
the  values  of  a  and  b  in  the  above  expression 
for  x.  In  any  case,  this  mode  of  computing  x 
is  more  laborious  than  Horner's  method  of 
approximation  (explained  below),  but  when 
all  three  roots  of  the  cubic  are  real  and  dis- 
tinct, an  unexpected  difficulty  is  encountered. 

In  this  case  ^  +  ^7  rcp™15*"*5  ft  negative  num- 
ber. As  the  square  root  of  a  negative  number 
is  a  complex  (imaginary)  number,  we  are  re- 
quired to  find  the  cube  root  of  a  complex  num- 
ber. But  there  exists  no  convenient  arithmet- 
ical process  for  doing  this.  Nor  is  there  any 
way  of  avoiding  the  complex  radicals  and  of 
expressing  the  values  of  the  real  roots  by  real 
radicals.  This  is  the  famous  "irreducible  case* 
in  the  solution  of  the  cubic.  Its  interest  is 
purely  theoretical.  The  practical  computor 
experiences  no  difficulty,  for  he  can  always  find 
the  values  of  x  by  the  methods  of  approxima- 
tion. 

Since  Cardan's  time  a  great  many  different 
algebraic  solutions  of  the  cubic  and  also  of  the 
quartic  have  been  given.  They  are  brought 
together  for  convenient  reference  in  L.  Mat- 
thiessen's  'Gmndzuge  der  Antiken  und  Mo- 
dernen  Algebra,'  Leipzig  1878.  We  proceed  to 
give  Euler's  algebraic  solution  of  trie  general 
quartic.  By  transforming  it,  bring  it  to  the 
form  xt+axM-¥bx+c=0.     Assume  the  general 

expression  for  a  root  to  be  r=  Vw-f- Vp  +  Vh/- 
Squaring, 

x>—  u— w=2V  uVv+2  V«  Vv>+2  V  v  V». 
Squaring  again  and  simplifying, 

x*-2x»(u-|-r +w)-8x  V«  V "v  V  w 

+  («-r■t'-r-a;), —  4(Mt/+wtiH-ift/)"=fl. 
Equating  coefficients  of  this  and  the  given 
quartic  we  have 

o  —  —  2(«+t'+w),    ft  —  —  aVaVt-Vw. 

c—  (u+v+wY — 4(Mt/+i«tt>-r-ttv). 
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But  —  (M+t>+u>),   (uv+uw+vw),  — uitv  are 
the  coefficients  of  a  cubic  whose  roots  are  u,  v, 
w.   This  cubic,  called  *Euler's  cubic,*  is 
. .  a  .  ,  a'—  4r        b'  . 
y*+  y  y*  +  — jj-  y  —^4  =  °- 

Solving  it,  we  have  the  values  of  u,  v  and  to, 
and,  therefore,  the  values  of  x.  Of  the  eight 
apparent  values  of  x,  four  are  excluded  by  the 
relation  6— — sy/uVvVw.    To  solve  the  quartic    — aiA*- 


by  the  present  method  we  must,  therefore,  first 
solve  "Euler's  cubic,*  called  the  resolvent. 
When  this  resolvent  has  a  rational  root,  then 
its  other  two  roots  can  be  expressed  in  terms 
of  square  roots  and  the  quartic  can  be  solved 
algebraically  without  the  extraction  of  cube 
roots.  All  methods  of  solving  algebraically  the 
general  quartic  depend  upon  the  solution  of 
some  resolvent  cubic. 

Binomial  equations  of  the  form  r"  —  1=0,  or 
more  generally,  of  the  form  r"  —  a~  0.  are 
known  as  cyclotomic  equations,  and  can 
always  be  solved  algebraically.  They  possess 
also  many  interesting  properties.  We  shall 
give  a  trigonometric  solution  and  mention  a  few 
of  these  properties.  Let  r"— a  =  r[cos  (2kn  +  6) 
+  t  sin  (2kir  +  d)\,  where  a  may  be  a  complex 
quantity,  where  k  may  be  any  integer,  and  where 
r  and  8  are  known  from  the  value  of  a.  (See 
Trigonometry).  By  De  Moivre's  hcorem  we 
obtain 


n_\      2k* +9 

\  cos  


+  i  sin 


2/tT  +  e  ( 


vr  J —     n        —      «  \ 

By  assigning  to  k  any  n  consecutive  integral 
values  we  obtain  n  distinct  values  for  x  and  no 
more  than  n,  since  the  n  values  recur  in  periods. 
These  values  are  the  roots  required. 

Among  the  properties  of  x" — 1^0  arc  the 
following:  It  has  no  multiple  roots;  if  r  is 
a  root,  then  any  positive  integral  power  of 
r  is  a  root ;  if  m  and  n  are  relatively  prime, 
then  x"» — 1=0  and  jr'»  —  1=0  have  no  roots  in 
common,  except  1 ;  if  h  is  the  highest  common 
factor  of  m  and  n,  then  the  roots  of  jr*— 1=0 
are  common  to  x"» — l^O  and  xn — 1=0;  if  r 
is  a  complex  root  of  x  — 1=0,  n  being  a  prime 
number,  then  1,  r,  r3,  .  .  .  ,  r»-1  are  the  roots; 
the  roots  of  xm — 1-^=0  and  jt»— 1=0  satisfy 
the  equation  xmn — 1=0;  xn — 1=0  has  always 
primitive  roots,  i.e.,  roots  which  are  not  also 
roots  of  unity  of  a  lower  degree  than  n.  For 
the  proofs  consult  Burnside  and  Panton, 
'Theory  of  Equations, >  Vol.  I.  The  theory  of 
roots  of  unity  is  closely  allied  with  the  problem 
of  inscribing  regular  polygons  in  a  circle,  or  the 
theory  of  the  "division  of  the  circle."  Consult 
P.  Bachmann,  "Kreistheilung,  >  Leipzig  1872. 

Solution  by  Approximation.— Of  the  vari- 
ous methods  which  have  been  given  for  the 
solution  of  numerical  equations,  the  most  satis- 
factory, all  things  considered,  is  the  one  known 
as  "Horner's  method."  It  is  commonly  used  for 
finding  incommensurable  roots  (i.e..  such  as  in- 
volve an  interminable  decimal  which  is  not  a 
repeating  decimal),  but  it  may  be  used  also  for 
finding  commensurable  roots  (i.e.,  such  as  are  in- 
tegers or  rational  fractions).  It  is  desirable  here 
to  begin  with  the  theorem  that  a  rational  frac- 
tion cannot  be  a  root  of  an  equation  of  the  nth 
degree  ivith  integral  coefficients,  the  coefficient 
of  xn  being  unity.  To  prove  this,  let,  if  possible, 

-j-  be  a  root  of  f(x)  •=  0,  where  h  and  *  are  in- 


tegers and  -y  a  fraction  reduced  to  its  lowest 

terms,  and  where  a«=l.  Substitute  -j-  for  x, 
then  multiply  both  members  of  the  equation  by 
k*—  •,  and  we  obtain,  after  transposing,  —  = 


— ajtn — —  . 


—Onk*  —  ».  This 


equation  is  impossible,  since  a  fraction  in  its 

i  .  h 

lowest  terms  cannot  equal  an  integer.    Hence  -r 

i" 

cannot  be  a  root.  This  being  the  case,  it  fol- 
lows that  all  commensurable  roots  are  exact 
divisors  of  on,  for  an  is  numerically  the  product 
of  all  the  roots.  We  know  that  if  (fx)  is  di- 
visible by  x  —  r,  without  a  remainder,  r  is  a 
root.  Hence  we  are  enabled  to  find  all  com- 
mensurable roots  of  numerical  equations  of  the 
type  now  under  consideration  by  testing  in  suc- 
cession each  factor  of  an.  For  instance,  in  the 
equation  x*  +  8r*  +  13x  +  2  =  0  the  factors  of 
an  are  ±  1  and  ±  2.  Taking  the  factor  —  2. 
we  find  that  f(x)  is  exactly  divisible  Irv  r  +2. 
The  test  for  each  of  the  three  other'  factors 
yields  a  remainder.  Hence  —  2  is  the  only  com- 
mensurable root. 

Before  we  can  apply  Horner's  method  we 
must  know  the  first  significant  figure  of  the 
root  to  be  found.  In  other  words,  we  must 
"locate*  the  root.  This  can  always  be  done 
by  Sturm's  theorem,  but  usually  the  following 
theorem  is  more  convenient.  //  two  real  num- 
bers a  and  b,  when  substituted  for  x  in  f(x), 
give  to  f(x)  contrary  signs,  an  odd  number  of 
roots  of  the  equation  /(x)=0  lies  between  a 
and  b.  Thus,  to  locate  the  roots  of 
x*  —  3x'  —  46x  —  71  —  0,  substitute  for  x,  in 
succession,  the  values  — 6,  — 5,  — 4,  — 3,  — 2, 

—  1.  0.  1,  2,  3,  4,  5,  6,  7,  a  9,  10.  It  is  found 
that  /(-5)  and  /(-4),  /(-2)  and  /(—I). 
f(8)  and  /(9)  are  pairs  of  values  of  f(x) 
having  opposite  signs.  As  there  arc  three  roots 
in  all,  we  conclude  that  there  is  just  one  root 
between  each  of  the  pairs  of  values  — 5  and 

—  4,  —2  and  —I,  8  and  9.  To  reduce  the 
number  of  trials  in  more  difficult  examples, 
there  are  theorems  on  the  upper  and  lower 
limits  of  roots  which  may  be  applied. 

Horner's  method  consists  of  successive 
transformations  of  an  equation.  Each  transfor- 
mation diminishes  the  root  by  a  certain  amount 
If  the  required  root  is  1.95o,  then  the  root  is 
diminished  successively  by  1,  .9,  .05,  .005.  Syn- 
thetic division  is  employed.  Suppose  we  desire 
to  find,  to  three  decimals,  the  root  between  —  1 
and  —2  in  the  above  example.  It  is  convenient 
first  to  transform  the  equation  so  that  the  root 
becomes  positive.  We  get  x1  +  3x*  —  46x 
+  71^0.  The  first  significant  figure  in  the  root 
is  1.  To  diminish  the  roots  by  1  we  perform 
by  synthetic  division  the  following  operation: 
1+  3-46+  71  |  1 

1  +  4  —  42 
4—42  +  29 
1+  5 


5—37 
J 
6 

The  transformed  equation,  whose 
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consideration  now  lies  between  0  and  1,  is 
x*  +  6x>  —  37x  +  29  —  0.  This  root  being  less 
than  unity,  x*  and  x*  are  less  than  x.  Neglect- 
ing x*  and  ox*,  we  obtain  an  approximate  value 
for  x  from  —  37x  +  29 "™  0,  viz.,  x  =  .7.  As 
in  the  process  of  ordinary  long  division  or  in 
the  extraction  of  roots,  so  here  the  digit  ob- 
tained by  the  first  approximate  division  may  be 
too  large  or  too  small  and  may  need  correction. 
An  error  of  this  sort  will  reveal  itself  later  in 
the  attempt  to  find  the  third  digit  of  the  root. 
Such  correction  is  needed  here.  Actually 
x  =  .9.  Diminish  the  roots  of  the  last  trans- 
formed cubic  by  .9,  then  find  the  third  digit  by 
the  process  just  indicated  for  finding  the  sec- 
ond digit,  then  diminish  the  roots  again,  and  so 
on.   The  entire  operation  is  as  follows : 

+  71  |  1.955 

—  42 
+  29 

—  27.711 

+  1.289 

—  1  166625 

.122375 


8.85 


The  broken  lines  indicate  the  conclusion  of 
the  successive  transformations.  For  advanced 
reading  on  the  solution  of  numerical  equations 
consult  McCTintock,  E.,  in  Am.  Jour,  of 
Maths.,>  Vol.  XVII,  pp.  89-110;  Carvallo,  M.  E, 
'Resolution  numenque  complete  d.  Equations 
algebriqucs  ou  transcendantcs*  (Paris  1896) ; 
A.  Xavier,  'Approximations  numeriques' 
(Paris  1909). 

Multiple  Roots. — Suppose  that  in  f(x)^) 
there  arc  m  multiple  roots;  that  is,  m  roots  are 
equal  to  each  other.  Then  /(x)^(x  —  rW(x), 
and  the  first  derivative  isf  (x)=(x  —  rW(x) 
+  m(x  —  r)"»— l9(.r).  The  fact  that  /(x)  and 
/'(x)  have  the  factor  (x  — r)"»— '  in  common 
suggests  the  following  rule  for  the  discovery 
of  multiple  roots :  Find  the  highest  common 
factor  of  /(x)  and  /'(x).  If  that  factor  is 
(x  — r)»,  then  r  occurs  as  a  root  s  +  1  times. 
If  the  highest  common  factor  is 
(x  — r)*(x  —  r»)*,  then  r  occurs  as  a  root  s  +  1 
times  and  rx  occurs  t  +  1  times.  If 
/(x)=8x1-20x,  +  6x  +  9,  then  /'(x)=24x1 
—  40.r  +6,  and  the  H.C.F.  is  2x  — 3.  Hence  { 
is  a  double  root. 

Elimination.— Take  the  equations, 

/(x)=x,  +  fcJx  +  61-=0, 
F(x)=x*  +  o,x  +  o,  =  0, 

and  let  rt  and  r»  be  the  roots  of  the  second 
equation.  The  necessary  and  sufficient  con- 
ditions that  the  two  equations  shall  have  a  root 
in  common  is  that  /(r.)  or  /(r,)  shall  vanish; 


that  is,  that  the  product  /(r»)-/(n)  shall  be 
zero.    Multiply  together 

/(r,)=r,' +  a,r, +  at, 

f(rt)=3rf  +  +n  +  a% 

we  get 

rtri  +  a,  (r.r,»  +  r,«r.)  +  a,(r,«  +  r,') 

+  OiV,r,  +  OKii(r,  +  r ,)  +  af. 

Expressing  the  symmetric  functions  of  rt 
and  r,  in  terms  of  the  coefficients  of  the  second 
of  the  given  equations,  we  get  ri'rtl  =  bit, 
ri/7  +  riVt=— b,bt,  r,'+rf  =  2b,,  rir,=6*, 
ri+ri=  — bi.  Substituting  these  values,  we  have 
W — aj>ibt  +  aU>i* — 2aJb%  +  aSb, — a,ajbt  +  a**. 

This  expression,  involving  the  coefficients  of 
the  two  given  equations,  is  called  the  eliminant 
or  resultant.  Its  vanishing  is  the  condition  that 
these  equations  have  a  root  in  common.  More 
generally,  if  from  n  equations  with  it  — 1  varia- 
bles we  eliminate  the  variables  and  obtain  an 
equation  R"-=*0,  involving  only  the  coefficients, 
the  expression  R  is  called  the  eliminant  or  re- 
sultant of  the  given  equations. 

In  the  above  example  the  elimination  was 
erformed  with  the  aid  of  symmetric  functions. 
'  f  other  methods  of  elimination  the  best  known 
are  those  of  Euler,  Bezout  and  Sylvester.  We 
outline  the  last,  known  as  Sylvester's  Dialytic 
Method.  To  eliminate  x  between 

/(*)  =aox«  +  aa^-1  +  .  .  .  +on=0, 
F(x)  =  tar»«  -f  6ir"*->  -f  .  .  .  +  bn—0, 

multiply  the  first  successively  by  x°,  x\  x*.  .  . 

and  the  second  successively  by  x",  x1, 
x1,  .  .  .  ,  x"-1,  and  we  obtain  m  -j-  n  equations. 
The  highest  power  of  x  is  m  +  n  —  1.  If  /(x) 
^0  and  F(x)  ^O  have  a  common  root,  it  will 
satisfy  all  the  m  +  »  equations.  If  the  differ- 
ent powers  of  x,  viz.,  x,  x\  .  .  .  ,  x™+n-1,  be  taken 
as  m  +  n—  1  unknown  quantities,  satisfying 
m  +  n  linear  equations,  a  relation  will  ex.st  be- 
tween the  coefficients.  This  condition  of  con- 
sistency is  the  vanishing  of  the  resultant.  This 
resultant  Sylvester  expressed  neatly  in  the  form 
of  a  determinant.   Sec  Determinants. 

Discriminants. —  It  has  been  shown  that  a 
multiple  root  of  /(x)  =0  is  also  a  root  of 
/'(x)=0.  But  the  condition  that  these  two 
equations  have  a  common  root  is  expressed  by 
the  vanishing  of  the  resultant. 

The  resultant  of  /(x)  =0  and  f(x)  =0  is 
called  the  discriminant  of  /(x)  *™0.  It  may  be 
otherwise  defined  as  the  simplest  function  of 
the  coefficients,  or  of  the  roots,  whose  vanishing 
signifies  that  the  equation  has  equal  roots. 

To  the  references  already  given  we  add  the 
following:  'Encyklopadic  der  mathematischen 
Wisscnschaften,'  Band  I;  Cajori,  Florian,  in- 
troduction to  the  Modern  Theory  of  Equations' 
(New  York  1904);  Nctto,  E,  'Vorlesungcn 
uber  Algebra*  (Leipzig,  Vol.  I,  1896,  Vol.  II, 
1900) ;  Serret,  J.  A.,  'Cours  d'Algebre  Supe- 
rieure'  (Paris,  2  vols.)  ;  Todhunter,  'Theory  of 
Equations'  (London  1880)  ;  Weber,  H.(  <Lehr- 
buch  der  Algebra>  (Braunschweig,  Vol.  L  1898, 
Vol.  II,  1896)  ;  'Encyklopadic  der  clem.  Algebra 
und  Analysis'  (Leipzig  1903). 

Florian  Cajori, 
Professor  of  History  of  Mathematics,  Univer- 
sity of  California. 

EQUATIONS,  IntegraL  See  Integral 
Equations. 
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EQUATOR  -EQUIDJE 


EQUATOR,  an  imaginary  great  circle  of  the 
celestial  vault  or  on  the  surface  of  the  earth. 
As  used  in  astronomy  the  term  signifies  a  great 
circle  of  the  celestial  vault  at  right  angles  to  its 
axis,  and  dividing  it  into  a  northern  and  a 
southern  hemisphere.  It  is  constituted  by  the 
plane  of  the  earth's  equator,  produced  in  every 
direction  till  it  reaches  the  imaginary  celestial 
sphere.  The  sun  is  twice  a  year  in  the  celestial 
equator  —  namely,  at  the  equinoxes,  whence  the 
equator  is  also  known  as  the  equinoctial  line,  or 
simply  the  equinoctial  (see  Equinox).  The 
point  in  the  equator  which  touches  the  meridian 
is  raised  above  the  true  horizon  by  an  arc  which 
is  the  complement  of  the  latitude.  The  sun  and 
planets  all  have  equators.  They  rotate  around 
their  several  axes  and  the  plane  at  right  angles 
in  each  case  is  the  equator  of  the  heavenly 
body.  In  geography,  the  equator  is  a  great  cir- 
cle on  the  surface  of  the  earth  equidistant  from 
its  poles,  and  dividing  it  into  two  hemispheres. 
Its  latitude  is  zero;  it  is  therefore  marked  on 
maps  as  0.  Other  parallels  of  latitude  are 
counted  from  it,  augmenting  in  their  numerical 
designation  as  their  distance  from  it  north  or 
south  increases,  the  poles  being  90  degrees.  The 
plane  of  the  terrestrial  equator  is  a  plane  perpen- 
dicular to  the  earth's  axis  and  passing  through 
its  centre.  The  magnetic  equator  is  a  somewhat 
irregular  line;  nearly  but  not  quite  a  great  circle 
of  the  earth,  in  which  there  is  no  dip  of  the  mag- 
netic needle.  It  is  hence  called  also  the  aclinic 
line.  It  is  not  far  from  the  geographical  equa- 
tor, but  its  situation  slowly  alters  year  by  year, 
there  being  a  slow  oscillation  of  the  magnetic 
poles,  while  the  geographical  equator  and  poles 
arc  almost  fixed. 

EQUATORIAL  ("of  the  equator"),  a  geo- 
graphical and  astronomical  term.  In  astron- 
omy it  is  usually  applied  to  a  telescope  so 
mounted  that  the  right  ascension  and  decli- 
nation of  the  point  in  the  heavens  at  which  it  is 
directed  can  be  read  off  from  two  scales. 
Clockwork  is  sometimes  attached  to  the  instru- 
ment to  give  the  motion  in  right  ascension,  and 
thereby  keep  the  object  constantly  in  the  field 
of  the  instrument.  See  Astronomy;  Tele- 
scope. 

EQUATORIAL  COUD2  («Elbow  Equa- 
torial''), a  form  of  equatorial  telescope  invented 
by  Loewy,  of  the  Paris  Observatory.  The  ob- 
server can  remain  stationary  in  a  comfortable 
position,  with  a  desk  table  built  around  the  eye- 
piece end,  and  can  have  all  this  part  enclosed 
from  the  cold,  and  warmed  if  desired,  at  the 
same  time  commanding  the  whole  heavens 
without  rising  from  his  chair.  Sec  Astron- 
omy; Tfj.f.scope. 

EQUATORIAL  CURRENT.  See  Ocean 
Currents. 

EQUERRY,  ek'we  n,  an  official  of  the  royal 
household  of  Great  Britain  in  the  department 
of  the  master  of  the  horse.  There  are  the 
crown  equerry,  equerries  in  ordinary  and  extra 
equerries,  7  of  the  former  and  15  of  the  latter, 
all  army  or  navy  officers,  one  or  more  of  whom 
is  attached  to  the  suite  of  each  member  of  the 
royal  family. 

EQUESTRIAN  ORDER,  or  EQUITES, 

the  order  of  knights  in  ancient  Rome  (Latin 
ordo  cquestcr).  The  equites  or  knights  orig- 
inally formed  the  cavalry  of  the  army.  They 


arc  said  by  Livy  to  have  been  instituted  by 
Romulus,  who  selected  300  of  them  from  the 
three  principal  tribes,  naming  them  "celeres.* 
Servius  Tullius  increased  the  number  to  18 
centuries,  and  later  there  were  1,800  equites. 
Soon  after  the  first  Punic  War  the  equites  be- 
came a  distinct  order  in  the  state  and  the  juries 
and  the  farmers  of  the  revenue  were  selected 
from  their  ranks.  They  held  their  jxtsition  in 
virtue  of  a  certain  property  qualification,  400,000 
sestertii,  about  $17,000,  and  toward  the  end  of 
the  republic  they  possessed  much  influence  in 
the  state.  The  body  of  equites  was  of  mixed 
patrician  and  plebeian  rank,  a  fact  that  helped 
to  increase  their  political  power.  They  had 
particular  seats  assigned  to  them  in  the  circus 
and  theatre,  and  the  insignia  of  their  rank,  in 
addition  to  a  horse,  were  a  gold  ring  and  a 
tunic  with  two  narrow  purple  stripes.  At  first 
the  equites  received  two  horses  from  the  state, 
one  for  the  knight  and  the  other  for  his  ser- 
vant, and  the  wherewithal  to  maintain  them. 
But,  at  a  later  date  when  the  order  had  become 
a  desirable  one  to  belong  to  (shortly  after  400 
B.C.)  wealthy  citizens  began  to  enter  it;  and 
these  furnished  their  own  horses  and  maintained 
them  at  their  own  expense.  This  was  because 
from  the  equites  the  higher  officers  of  the  army 
were  selected,  only  after  the  candidate  for  office 
had  passed  successively  through  the  equestris 
cursus  honorum,  a  definite  series  of  offices,  sup- 
posed to  fit  him  for  the  performance  of  the 
duties  of  the  higher  post  in  the  army  or  of  that 
of  certain  magistrate  offices  to  which  the  equi- 
tes might  be  appointed.  Their  privileges  were 
curtailed  by  Sulla  and  under  the  later  emperors 
the  order  disappeared  from  the  stage  of  political 
life. 

Bibliography. —  Bouchi-Lcclercq,  A..  'Man- 
uel des  antiquites  romaines' ;  Bury,  J.  B.,  'The 
Student's  Roman  Empire'  (1893);  Cagnat,  R, 
'Equites*  (in  'Dictionnaire  des  Antiquites'  by 
Daremberg  and  Saglis)  ;  Fricdlandcr,  A.  H., 
'Sittcngeschichte  Roms'  (1901)  ;  Grecnidge,  A. 
J.  H.,  /History  of  Rome'  (1904)  ;  Hcrzog,  E 
'Gcschichte  und  System  der  Romischcn  Staats- 
vcrfassung'  (Leipzig  1891);  Madvig,  J.  N., 
'Die  Verfassung  des  romischcn  Staates'; 
Mommsen,  T,  'Hermes'  (1881);  Taylor,  T. 
M.,  'Political  and  Constitutional  History  of 
Rome'  (1899);  Wilkens,  A.  S.,  'Equites'  (in 
Smith's  'Dictionary  of  Roman  Antiquities' 
(3d  ed.  1891). 

EQUIDffi.  ek'wT-de,  the  horse  family,  the 
most  highly  specialized  of  the  pcrissodactyl  un- 
gulates, characterized  by  the  fact  that  only  one 
toe  (the  third)  in  each  foot  is  now  functional, 
traces  ("the  splint  bones")  remaining  of  the 
two  other  toes  (the  second  and  fourth)  in  the 
"splint  bones"  hidden  beneath  the  flesh  on  each 
side  of  the  shank  of  the  foot.  (For  the  rela- 
tionships of  this  family  to  the  titanothcres, 
tapirs  and  rhinoceroses,  see  Ungulata;  and 
for  the  evolution  of  the  characteristic  foot- 
stnicture  see  Horse,  Evolution  of).  The  fam- 
ily contains  but  a  single  extant  genus  (F.quus), 
structural  distinctions  not  beine  of  sufficient 
importance  to  separate  generically  the  modern 
horses  from  several  extinct  species,  or  from  the 
a^ses  or  zebras,  or  these  from  each  other. 
Apart  from  the  dependence  upon  a  single  toe, 
the  family  is  characterized  by  the  facts  that  the 
orbit  is  completely  surrounded  by  bone ;  the  in- 
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cisor  teeth  are  chisel-shaped;  the  canines  or 
•tushes*  are  rudimentary  (when  present),  and 
the  premolars  (except  the  first  or  "wolf  tooth") 
resemble  the  hypsclodont  molars.  Externally 
the  members  of  this  family  are  robust,  with 
comparatively  slender  limbs,  the  feet  "booted* 
in  a  single  horny  hoof,  encasing  the  terminal 
phalanx;  the  body  thickly  clothed  with  short 
close  hair,  w  hich,  however,  becomes  longer,  and 
in  some  species  profuse,  forming  a  mane,  on 
the  nape  and  tail.  The  colors  are  apt  to  be  dis- 
posed in  dark  stripes  on  a  yellow  or  brownish 
ground,  most  strikingly  in  the  zebras,  but  trace- 
able in  most  others.  There  are  never  any  horns, 
and  speed  is  depended  on  to  escape  from  ene- 
mies which  cannot  be  beaten  off  by  kicking 
with  the  hind  feet,  while  struggles  between  rival 
males  for  the  leadership  of  the  bands  of  mares 
are  carried  on  mainly  by  biting  and  striking 
with  the  fore  feet.  The  fore-limbs,  or  both 
pairs,  have  a  callous  pad  upon  the  inside, 
"which,*  says  Beddard,  "is  possibly  to  be  looked 
upon  as  an  aborted  gland,  probably  originally 
of  use  as  secreting  some  odorous  substance 
calculated  to  enable  strayed  members  of  the 
herd  to  regain  their  companions.*  The  whole 
structure  of  the  equide  has  been  developed  in 
adaptation  to  a  life  upon  open  dry  plains,  where 
ability  to  travel  with  rapidity  and  to  live  upon 
grass  and  herbage  has  been  perfected  to  a  high 
degree.  The  stomach  has  no  such  complicated 
arrangement  for  the  assimilation  of  this  com- 
paratively innutritious  diet  as  has  been  acquired 
by  the  ruminants  (ci.v.).  The  alimentary  canal 
is  of  great  length  (about  eight  times  the  length 
of  the  body)  :  and  the  stomach,  simple  in  form, 
is  divided  into  a  cardiac  and  a  pyloric  part, 
sharply  distinguished  by  the  dense  epithelial 
lining  of  the  former.  The  caecum  is  twice  as 
large  as  the  stomach  and  there  is  no  gall-blad- 
der. The  teats  are  two  in  number  and  situated 
in  the  groin.  One  or  two  foals  are  produced  at 
a  birth  after  a  gestation  of  ahout  11  months.  All 
the  species  are  gregarious  and  polygamous  and 
like  most  such  animals  are  readily  tamable, 
though  the  zebra  has  proved  somewhat  intracta- 
ble and  useless  to  mankind. 

The  family  in  the  course  of  its  history  has 
occupied  all  the  larger  land-areas  of  the  globe 
except  Australia;  but  although  its  ancestors 
abounded  in  both  Americas  in  the  past,  and 
modem  horses  run  wild  have  multiplied  and 
flourished  exceedingly  upon  their  grassy  plains, 
no  living  species  is  native  to  the  New  World. 
In  the  Old  World  the  horse  or  horses  and  sev- 
eral of  the  asses  were  Asiatic  and  European ;  a 
second  species  of  ass  and  the  various  zebras 
were  wholly  African.  See  Ass;  Horse;  Quag- 
ca;  Zebra. 

EQUILIBRIUM,  a  state  of  balance  as  to 
the  forces  acting  upon  any  body.  The  condi- 
tion is  generally  considered  in  respect  to  the 
action  of  gravity,  and  especially  as  to  the  centre 
of  gravity  of  the  body  under  observation.  In 
accordance  with  that  law  of  physics  that  the 
centre  of  gravity  tends  always  to  occupy  the 
lowest  possible  position  —  that  is,  the  position 
in  which  it  is  nearest  to  the  centre  of  the  earth 
—  equilibrium  appears  in  three  forms:  (D 
stable  equilibrium,  when  the  centre  of  gravity 
is  Mow  the  point  of  support;  (2)  unstable 
equilibrium,  when  the  centre  of  gravity  is  above 
the  point  of  support;  (3)  neutral  equilibrium. 
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when  the  centre  of  gravity  and  the  point  of 
support  coincide.  An  illustration  may  be  found 
in  a  wheel  supported  free  of  the  ground  on  its 
axle.  If  the  wheel  is  of  uniform  build  in  all 
of  its  parts  it  will  be  in  neutral  equilibrium,  re- 
maining at  rest  in  any  position  to  which  it  may 
be"  revolved  on  the  axle.  If,  however,  a  weight 
be  attached  to  the  rim  of  the  wheel  at  its  low- 
est point,  when  the  wheel  is  moved  so  as  to 
raise  the  weight  ever  so  little  the  wheel  will 
swing  back  until  the  weight  is  again  at  the  low- 
est point,  in  which  position  it  is  in  stable 
equilibrium.  If  the  wheel  is  then  revolved  so 
that  the  weight  is  directly  above  the  axle,  and 
carefully  balanced  in  that  position,  the  wheel 
will  be  in  unstable  equilibrium,  for  when  dis- 
turbed it  will  immediately  revolve  so  as  to  bring 
the  weight  to  the  lowest  point  again,  and  come 
to  rest  in  stable  equilibrium.  See  Applied  Me- 
chanics; Mechanics. 

In  physiology,  the  ability  to  maintain  the 
body  by  proper  muscular  force  under  nervous 
control,  so  that  it  can  perform  co-ordinated 
movements  or  resist  the  force  of  gravity.  By 
equilibrium  is  here  meant  the  control  of  the 
body  in  the  upright  position,  apart  from  the 
localized  processes  of  co-ordination.  Loss  of 
equilibrium  shows  itself  particularly  in  walk- 
ing and  running.  Here  the  centre  of  gravity  of 
the  body  is  constantly  changing  and  the  ability 
of  the  individual  to  hold  himself  erect  depends 
upon  a  number  of  features.  The  eye,  the  tactile 
sense  of  the  feet,  the  joint-senses,  the  muscular 
sense  that  weighs  the  various  muscular  move- 
ments and  the  higher  cerebral  centres  are  all 
involved,  and  loss  of  equilibrium  or  inco-ordina- 
tion  may  result  from  disease  or  injury  to  any  of 
these  functions.  Loss  of  eyesight  does  not 
necessarily  involve  any  loss  of  equilibrium,  but 
loss  of  tactile  sense  of  the  feet,  such  as  is  seen 
in  locomotor  ataxia  or  in  people  who  have  had 
their  feet  frozen,  almost  invariably  produces  a 
loss  of  equilibrium.  In  the  same  disease  (loco- 
motor ataxia)  and  in  forms  of  neuritis  the  loss 
of  muscular  sense  and  joint-sense  produces 
similar  phenomena.  For  the  higher  cerebral 
centres  of  control  .there  is  good  reason  to 
believe  that  the  semi-circular  canals  in  the  in- 
ternal ear  constitute  a  special  sense-organ  for 
the  determination  of  the  direction  of  the  move- 
ments of  the  head  which  are  so  essential  in  the 
preservation  of  general  equilibrium.  Diseases 
of  the  semi-circular  canals  are  frequently  ac- 
companied with  dizziness  and  vertigo.  It  has 
been  suggested  that  the  sacculus  and  utriculus 
of  the  internal  ear  act  to  maintain  equilibrium 
while  at  rest  It  also  seems  probable  that  cer- 
tain areas  in  the  cerebellum  arc  closely  associated 
with  the  equilibrium.  See  Cerebellum;  Inco- 
ordination; Locomotor  Ataxia. 

EQUILIBRIUM,  Chemical.  In  mechanics 
a  system  is  said  to  be  in  equilibrium  when  the 
forces  that  act  upon  it  are  precisely  balanced,  so 
that  their  resultant  is  everywhere  zero.  A 
system  or  mass  is  similarly  said  to  be  in  chemi- 
cal equilibrium  when  its  state  is  such  that  there 
is  no  tendency  toward  a  sensible  chemical 
change  in  any  of  its  parts.  As  set  forth  by 
Bertholler,  chemical  equilibrium  is  not  a  condi- 
tion of  rest,  but  one  in  which  the  velocity  of 
reaction  in  one  direction  i«  equal  to  the  velocity 
in  the  opposite  direction.  The  absence  of  chemi- 
cal action  may  be  absolute,  or  merely  apparent. 
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In  other  words,  there  may  be  no  chemical 
changes  going  on  at  all,  or  there  may  be  op- 
posite changes  going  on  simultaneously  in  such 
a  way  that  no  resultant  modification  can  be  ob- 
served in  any  part  of  the  system,  however  small 
the  part  selected  for  observation  may  be.  In 
the  latter  case  the  existence  of  the  simultaneous 
and  opposite  reactions  can  only  be  indirectly 
inferred  from  a  study  of  the  system  when  it  is 
not  in  equilibrium. 

According  to  the  theory  of  chemical  affinity 
that  was  held  before  the  importance  of  mass- 
action  was  understood,  two  substances  either 
would  combine  or  would  not,  according  as  their 
"affinities"  were  more  or  less  completely  satis- 
fied in  the  combined  state,  or  in  the  uncombined 
state.  That  this  view  is  entirely  inadequate  to 
explain  the  facts  of  chemistry  is  made  evident 
by  the  following  simple  example  r  When  steam 
is  passed  over  red-hot  iron  filings  it  is  decom- 
posed into  oxygen  and  hydrogen,  the  iron  ab- 
sorbing the  oxygen  with  the  formation  of  oxide 
of  iron,  while  the  hydrogen  escapes  in  the  free 
state;  but  if  hydrogen  is  passed  over  red-hot 
oxide  of  iron  the  oxide  is  reduced  to  the  metal- 
lic state,  its  oxygen  combining  with  the  hydro- 
gen to  produce  steam,  which  passes  on  in  the 
hydrogen  current.  This  apparent  contradiction 
may  be  best  explained  by  assuming  that  when  a 
mixture  of  steam  and  hydrogen  is  in  contact 
with  a  red-hot  mixture  of  iron  oxide  and  me- 
tallic iron,  both  of  the  foregoing  reactions  take 
place  simultaneously.  If  the  metallic  iron  and 
the  steam  are  present  in  excessive  amounts,  the 
resultant  action  will  be,  on  the  whole,  the  oxida- 
tion of  the  iron  and  the  decomposition  of  the 
steam ;  while  if  the  iron  oxide  and  the  hydrogen 
arc  present  in  excess,  the  resultant  action  will 
be  the  reduction  of  the  oxide  to  the  metallic 
state  and  the  simultaneous  formation  of  steam. 
It  is  therefore  apparent  that  in  some  reactions, 
at  any  rate,  the  relative  masses  in  which  the 
various  constituents  are  present  must  be  con- 
sidered with  much  care  before  any  prediction  of 
the  chemical  deportment  of  the  mixture  can  be 
made.  Attention  was  first  directed  to  this  fact 
by  Claude  Louis  Bcrthollet  ('Essai  de  statique 
chimique'  1803).  In  the  example  cited  above, 
if  the  iron,  iron  oxide,  hydrogen  and  steam 
were  left  in  contact  in  a  closed  vessel,  a  state 
of  apparent  equilibrium  would  be  finally  at- 
tained in  which  the  formation  and  decomposi- 
tion of  the  steam  would  occur  with  equal 
rapidity,  so  that  no  visible  change  would  take 
place  thereafter.  When  this  state  of  "chemical 
equilibrium*  is  attained  the  abstraction  of  hy- 
drogen or  of  iron  oxide,  or  the  addition  of 
steam  or  of  metallic  iron,  will  destroy  the 
equilibrium,  and  more  iron  will  be  oxidired, 
until  a  new  state  of  equilibrium  is  established. 
Similarly,  the  abstraction  of  steam  or  of  me- 
tallic iron  or  the  addition  of  hydrogen  or  of 
iron  oxide  when  the  system  is  in  equilibrium 
will  be  followed  by  the  reduction  of  a  portion 
of  the  iron  oxide  and  the  establishment  of  a 
new  state  of  equilibrium.  According  to  Bcr- 
thollet, all  reactions  are  fundamentally  of  this 
kind.  When  sodium  chloride  is  added  to  a  solu- 
tion of  silver  nitrate  we  know  that  the  silver  is 
all  thrown  down  in  the  form  of  an  insoluble 
chloride.  In  this  case,  Berthollct  would  con- 
sider that  the  sodium  chloride,  sodium  nitrate, 
silver  chloride  and  silver  nitrate  tend  toward  a 
state  of  chemical  equilibrium ;  but  that  since  the 


silver  chloride  is  continually  removed  from  the 
solution  by  reason  of  its  insolubility,  it  is  im- 
possible for  the  state  of  equilibrium  ever  to  be 
attained,  just  as  it  would  be  impossible  for  such 
a  state  to  be  attained  in  our  previous  illustra- 
tion, if  one  of  the  constituents  (say  the  iron 
oxide)  were  removed,  or  rendered  inactive  in 
any  way,  as  fast  as  it  were  formed. 

The  ideas  of  Berthollct  have  been  found  to 
be  sound  in  their  essentials,  and  they  have 
served  as  the  foundation  for  the  modern  theory 
of  chemical  action,  though  their  full  develop- 
ment cannot  be  explained  without  the  use  of  the 
differential  calculus.  The  basis  of  the  theory  of 
mass-action,  so  far  as  solutions  are  concerned  at 
all  events,  appears  to  be  substantially  as  fol- 
lows: Two  substances  in  solution  cannot  com- 
bine with  each  other,  except  when  a  molecule, 
or  ion  (sec  Solutions)  of  the  one,  in  its  wan- 
dering through  the  solution,  chances  to  encoun- 
ter a  molecule  or  ion  of  the  other.  Now  while 
we  do  not  know  the  actual  number  of  encoun- 
ters that  take  place  in  a  given  time  between 
molecules  of  different  kinds,  we  do  know  that  in 
a  homeogencous  solution  the  chance  that  any 
one  given  molecule  of  the  first  kind  will  encoun- 
ter some  molecule  of  the  second  land  within 
(say)  the  next  second,  is  strictly  proportional  to 
the  number  of  molecules  of  the  second  kind  that 
are  present  in  the  solution ;  and  conversely,  the 
chance  that  any  given  molecule  of  the  second 
kind  will  encounter  some  molecule  of  the  first 
kind  within  the  next  second  is  strictly  propor- 
tional to  the  number  of  molecules  of  the  first 
kind  that  are  present.  Since  the  number  of 
molecules  of  each  kind  that  are  present  in  an 
actual  solution  is  practically  infinite,  this 
amounts  to  saying  that  the  actual  number  of 
encounters  between  molecules  of  different 
kinds,  in  one  second,  is  proportional  to  the 
product  of  the  number  of  molecules  of  the  first 
and  second  kinds  that  are  present.  As  an  illus- 
tration of  the  usefulness  of  this  principle,  we 
may  consider  the  equilibrium  of  a  mixture  of 
acetic  acid  and  ethyl  alcohol.  Some  of  the  acid 
combines  with  some  of  the  alcohol  to  form 
water  and  ethyl-acetic  ester  (see  Esters),  but 
the  reaction  is  never  complete,  since  a  state  of 
equilibrium  is  attained  after  a  time,  in  which 
the  inverse  combination  takes  place  just  as  fast 
as  the  direct  one.  The  molecular  weight  of 
acetic  acid  (CH.COO.H)  is  60.  that  of  ethyl 
alcohol  (CH.OH)  is  46,  that  of  ethyl-acetic 
ester  or  ethyl  acetate  (CH.COO.GHi)  is  88, 
and  that  of  water  (Ht0)  is  18.  A  mass  of  any 
substance  which  contains  as  many  grams  as 
there  are  units  in  the  molecular  weight  of  the 
substance  is  known  as  a  "gram-molecule*  of 
the  substance.  This  name  is  rather  unhappily 
chosen,  but  the  idea  itself  is  a  useful  one,  and 
is  commonly  employed  in  modern  writings  upon 
theoretical  chemistry.  Let  us  suppose  that  one 
gram-molecule  of  acetic  acid  (60  grams)  is 
originally  mixed  with  M  gram-molcctiles  of 
ethyl  alcohol  (46M  grams),  and  with  N  gram- 
molecules  (18M  grams)  of  water,  and  let  us 
inquire  what  the  composition  of  the  mixture 
will  be  when  the  state  of  final  chemical  equi- 
librium has  been  attained.  The  advantage  of 
taking  the  gram-molecule  as  a  unit  of  mass  is, 
that  when  this  unit  is  used  the  number  of 
grams  of  acetic  acid,  alcohol  and  water  that 
arc  originally  present  will  be  proportional  to  I, 
M  and  N,  and  we  may  speak  of  M  and  N  and 
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write  them  in  our  equations  precisely  as  though 
ihey  were  really  the  number  of  actual  molecules 
present.  The  acetic  acid  and  alcohol  act  upon 
each  other  as  indicated  by  the  equation 
CrLCOO.H+GrLOH  *=  CH.COO  C,H,+H.O. 
Now  let  us  assume  that  when  the  state  of  equi- 
librium has  been  attained,  X  gram-molcculcs  of 
the  alcohol  have  been  decomposed.  This  implies 
that  X  gram-molecules  of  the  acetic  acid  have 
also  been  decomposed,  and  that  X  gram-mole- 
cules,  each  of  water  and  of  ethyl  acetate  have 
been  formed.  The  total  numbers  of  gram-mole- 
cules of  the  various  substances  that  are  present 
when  the  final  state  of  equilibrium  is  attained 
are  therefore  as  follows :  Acetic  acid,  1— X  ; 
alcohol,  M— X;  water,  X;  ethyl  acetate,  N+X. 
The  number  of  molecular  collisions  per  second, 
in  which  a  molecule  of  acetic  acid  encounters  a 
molecule  of  alcohol,  is  therefore  (in  the  final 
state)  proportional  to  (1 — X)  (M— X)  ;  and 
since  the  chemical  action  is  itself  proportional 
to  the  number  of  such  collisions,  we  may 
assume  that  the  number  of  gram-molecules  of 
ethyl  acetate  formed  per  second,  in  the  state  of 
equilibrium,  is  A(l— X)  (M— X),  where  A  is  a 
constant  whose  value  we  do  not  know.  The 
same  line  of  reasoning  shows  that  the  number 
of  gram-molecules  of  ethyl  acetate  that  are 
lost  from  the  solution  in  the  same  time,  through 
combining  with  water  to  reproduce  acetic  acid 
and  alcohol,  is  B(X+X)X,  where  B  is  another 
constant,  whose  value  is  also  unknown.  Since 
the  existence  of  equilibrium  requires  that  the 
quantity  of  ethyl  acetate  present  shall  be  con- 
stant, we  have  A(l— X)  (M-X)=B(N+X)X. 
Now  it  is  known  by  experiment  that  when  the 
original  mixture  is  free  from  water,  and  con- 
tains chemically  equivalent  amounts  of  acetic 
acid  and  alcohol,  so  that  Mal  and  N=0.  the 
state  of  final  equilibrium  is  attained  when 
X— If  these  values  of  M  and  X  are  sub- 
stituted in  the  foregoing  equation,  we  find  that 
A  and  B  are  connected  by  the  necessary  relation 
A«=4B.  If  we  replace  A  by  4B  and  then  divide 
through  by  B,  the  foregoing  equation  reduces  to 
4  (l—X)  (M— X)=(N+X)X,or3X*—  (4+4M 
+  N)  X+4M=0,  a  quadratic  equation  from 
which  the  value  of  X  (that  is,  the  number  of 
gram-molecules  of  acetic  acid  decomposed)  may 
be  inferred,  in  the  final  state  of  equilibrium,  for 
any  desired  initial  mixture  of  acetic  acid,  alco- 
hol and  water.  This  example  has  been  given  at 
some  length,  both  becanse  it  illustrates  clearly 
the  principles  of  chemical  equilibrium  and  the 
law  of  mass-action,  and  because  reactions  of 
this  very  kind,  in  which  esters  are  formed  by 
the  direct  action  of  an  acid  upon  an  alcohol, 
have  a  special  historic  interest,  since  their  study 
has  contributed  in  no  small  measure  toward 

S lacing  the  modern  theory  of  chemical  cqui- 
brium  upon  a  firm  foundation. 
When  it  is  desired  to  determine  the  state  of 
a  chemical  system  after  the  lapse  of  a  definite 
interval  from  an  initial  instant  for  which  its 
state  is  given,  we  must  form  a  differential 
equation  in  which  the  condition  is  expressed 
that  the  chemical  change,  per  unit  of  time,  is 
proportional  (as  above)  to  the  product  of  the 
number  of  gram-molcculcs  of  the  reacting  sub- 
stances that  arc  present  at  the  instant  consid- 
ered; and  having  formed  this  equation  and  inte- 
grated it,  we  obtain  an  expression  in  which  the 
composition  of  the  system  is  expressed  as  a 


function  of  the  time.  When  several  substances 
that  may  react  upon  one  another  arc  present, 
the  differential  equation  is  more  complicated  in 
form,  as  might  be  expected;  but  for  details  of 
this  sort  reference  must  be  made  to  works  on 
theoretical  chemistry.  When  the  system  con- 
tains several  acids  and  one  or  more  bases,  the 
distribution  of  the  bases  among  the  various 
acids  may  be  investigated  in  accordance  with 
similar  principles,  and  by  comparing  the  nu- 
merical results  that  arc  thus  obtained  with  the 
facts  of  observation,  estimates  of  the  true  rela- 
tive "affinities*  of  the  acids  may  be  had. 

When,  as  is  often  the  case,  the  course  of  a 
reaction  depends  upon  the  temperature,  the 
principles  of  mass-action  apply  as  before,  but 
regard  must  also  be  had  for  the  laws  of  ther- 
modynamics (q.v.),  which  usually  impose  cer- 
tain limitations  upon  the  equations.  The  full 
theory  of  chemical  changes  in  which  thcrmody- 
namical  considerations  play  an  important  part 
was  given  by  J.  Willard  Gibbs,  in  a  paper  of 
great  power  and  originality,  entitled  'On  the 
Equilibrium  of  Heterogeneous  Substances,'  pub- 
lished in  the  'Transactions  of  the  Connecticut 
Academy  of  Arts  and  Sciences'  for  1875. 
Gibbs'  basic  phase  law,  or  "phase  rule*  as  it  is 
commonly  called,  is  as  follows: 

n  different  bodies  (chemical  substances, 
either  simple  or  compound)  can  form  n+2 
phases,  and  these  can  co-exist  at  one  single 
point  only;  that  is,  at  a  definite  temperature 
and  pressure. 

The  great  importance  of  a  full  understand- 
ing of  the  laws  of  chemical  equilibrium  rests  in 
the  fact  that  by  far  the  larger  part  of  all  chemi- 
cal processes,  both  in  nature  and  in  the  indus- 
trial arts,  result  not  in  complete  reactions,  but  in 
a  condition  of  chemical  equilibrium,  with  meas- 
urable quantities  present  of  every  possible 
compound. 
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EQUIMULTIPLE.  See  Multiple  Series. 

EQUINE  ANTELOPE.   See  Blaubok. 

EQUINOCTIAL,  in  astronomy,  synony- 
mous with  equator.  When  the  sun  is  on  the 
equator  there  is  equal  length  of  day  and  night 
over  all  the  earth :  hence  the  name  equinoctial. 
See  Equator;  Equinox. 

EQUINOCTIAL  GALE,  a  gale  popularly 
supposed  to  occur  at  the  time  of  the  spring  or 
autumn  equinox.    See  Equinox. 

EQUINOCTIAL  POINTS  are  the  two 

points  wherein  the  equator  and  ecliptic  intersect 
each  other;  the  one,  being  the  first  point  of 
Aries,  is  called  the  vernal  point ;  and  the  other, 
in  the  first  point  of  Libra,  the  autumnal  point. 
See  Ecuitic;  Equinox  ;  Equinoxes,  Preces- 
sion OF  THE. 

EQUINOX,  in  astronomy,  is  that  time  of 
the  year  when  the  day  and  night  are  equal : 
the  length  of  the  day  is  then  12  hours;  the 
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sun  is  ascending  six  hours,  and  descending  the 
same  time.  This  is  the  case  twice  a  year,  in 
spring  and  in  autumn,  when  the  sun  is  on 
the  equator.  When  the  sun  is  in  this  situation 
the  horizon  of  every  place  is  divided  into  two 
equal  parts  by  the  circle  bounding  light  and 
darkness,  generally.  The  vernal  equinox  is  on 
21  March,  and  marks  the  beginning  of  spring; 
the  autumnal  is  generally  on  23  September, 
which  is  considered  the  commencement  of  au- 
tumn ;  at  all  other  times  the  length  of  the  day 
and  of  the  night  arc  unequal,  and  their  differ- 
ence is  the  greater  the  more  we  approach  cither 
pole,  and  in  the  same  latitude  it  is  everywhere 
the  same.  On  the  equator  this  inequality  en- 
tirely vanishes  •  there,  during  the  day,  which  is 
equal  to  the  night,  the  sun  always  ascends  six 
hours  and  descends  six  hours.  In  the  opposite 
hemisphere  of  our  earth  the  inequality  of  the 
days  increases  in  proportion  to  the  latitude :  the 
days  increase  there  while  they  diminish  with 
us,  and  vice  versa.  The  points  where  the 
ecliptic  intersects  the  equator  are  called  equi- 
noctial points.  The  vernal  equinoctial  point 
was  formerly  at  the  entrance  of  the  constella- 
tion of  Aries;  hence  the  next  30  degrees  of 
the  ecliptic,  reckoned  eastward,  have  been 
called  Aries;  but  this  point  long  ago  deserted 
the  constellation  of  Aries,  and  now  stands  in 
Pisces ;  for  it  is  found  by  observation  that  the 
equinoctial  points,  and  all  the  other  points  of 
the  ecliptic,  are  continually  moving  backward 
or  westward;  which  retrograde  motion  of 
the  equinoctial  points  is  what  is  called  the 
precession  of  the  equinoxes.  This  retrograde 
motion  is  quite  analogous  to  the  revolution  of 
a  gyroscope  weighted  at  one  end  and  balanced 
in  the  middle.  It  is  due.  to  the  gravitational 
pull  exerted  by  the  sun  and  moon  on  the  equa- 
torial protuberances  of  the  earth,  which  is  a 
spheroid,  not  a  sphere.  It  appears  from  the 
result  of  calculations  that  the  path  of  the  poles 
of  the  equator  is  nearly  a  circle,  the  poles  of 
which  coincide  with  those  of  the  ecliptic,  and 
that  the  pole  will  move  along  that  circle  so 
slowly  as  to  accomplish  the  whole  revolution 
in  about  25,800  years.  The  diameter  of  this 
circle  is  equal  to  twice  the  inclination  of  the 
ecliptic  to  the  equator,  or  about  47°.  Now,  as 
the  ecliptic  is  a  fixed  circle  in  the  heavens, 
but  the  equator,  which  must  be  equidistant  from 
the  poles,  moves  with  the  poles,  therefore  the 
equator  must  be  constantly  changing  its  inter- 
section with  the  ecliptic.  And  from  the  best 
observations  it  appears  that  the  equator  cuts 
the  ecliptic  every  year  50.25"  more  to  the  west- 
ward than  it  did  the  year  before;  hence  the  sun's 
arrival  at  the  equinoctial  point  precedes  its 
arrival  at  the  same  fixed  point  of  the  heavens 
everj'  year  by  20  minutes  23  seconds  of  time, 
or  by  an  arc  of  50.25".  Thus,  by  little  and  little, 
these  equinoctial  points  will  cut  the  ecliptic  more 
?nd  more  to  the  westward,  till,  after  25,800 
years,  they  return  to  the  same  point.  The  pre- 
cession of  the  equinoxes  is  not  absolutely  uni- 
form, for  the  forces  inducing  the  precession  de- 
pend on  the  position  of  the  sun  and  moon  with 
reference  to  the  earth.  Thus  at  the  vernal  and 
autumnal  equinoxes  the  sun  is  in  the  plane  of 
the  equator,  and  can  cause  no  precession. 
Another  important  factor  in  causing  the  pre- 
cession to  vary  is  the  fact  that  the  plane  of  the 
moon's  orbit  is  somrwhat  inclined  to  the  eclip- 
tic   Besides   causing   the  component  of  the 


moon's  attraction  in  the  plane  of  the  ecliptic 

to  vary,  this  inclination  introduces  a  component 
perpendicular  thereto.  This  is  an  important 
factor  in  causing  the  path  of  the  pole  of  the 
equator  to  be  a  wavy  curve  rather  than  a  pre- 
cise circle.  This  wavy  motion  is  known  as 
nutation.  See  Day;  Ecliptic;  Equator; 
Gyroscope. 

EQUINOXES,  Precesrion  of  the,  the 

motion  of  the  equinoxes  along  the  ecliptic  due 
to  the  change  in  the  direction  of  the  earth's 
axis  of  rotation,  caused  by  the  attraction  of  the 
moon  and  sun  on  the  protuberant  equatorial 
ring  of  the  earth.   See  Equinox. 

EQUISETUM.  See  Equisetales  under 
Ferns  and  Fern  Allies. 

EQUITES,  ek'wl-tez.  See  Equestrian 
Order. 

EQUITY.  The  name  equity  was  given  to 
that  supplemental  law  which  was  formerly 
administered  exclusively  in  the  Chancery 
Courts  of  England,  and  which  was  designed 
to  work  out  substantial  justice  in  cases  where 
that  could  not  be  obtained  normally  in  the 
common  law  courts.  The  common  law  became 
very  strict  and  narrow  at  a  very  early  period, 
and  if  a  suitor  could  not  bring  his  case  in  such 
a  form  as  to  fall  within  one  of  the  recognized 
writs,  he  was  without  a  remedy.  For  example, 
the  common  law  courts  had  no  provision  for 
the  preventing  of  wrongs,  however  imminent 
they  might  be.  Here  the  Chancery  Court 
could  step  in,  and  by  injunction  against  the 
person  threatening  a  wrong,  cover  this  con- 
tingency. A  body  of  law  subsidiary  to  the 
common  law  therefore  arose,  whose  administra- 
tion was  in  the  hands  of  the  Chancellor  (q.v.). 
Hence  arose  the  curiosity  presented  for  an 
extended  period  in  English  legal  history,  in 
which  a  suitor's  chances  of  success  depended 
largely  upon  the  particular  court  in  which  he 
brought  his  action.  The  existence  of  this  body 
of  law  led  ultimately  to  scandals  and  vexatious 
delays;  the  rules  of  equity  varied  at  different 
periods,  depending  a  good  deal  upon  the  per- 
sonal idiosyncrasies  of  the  Lord  Chancellor 
for  the  time  being,  and  justifying  Scldcn's 
sneer,  that  *they  should  make  the  standard  for 
equity  the  Chancellor's  foot."  Between  the  I7th 
century  and  the  beginning  of  the  19th  cen- 
tury, however,  equity  became  almost  as  fixed 
as  the  common  law,  but  the  systems  were 
always  kept  distinct  until  the  passing  of  the 
Judicature  Acts  of  1873  and  1875,  under  which 
they  were  consolidated.  Since  1875  law  and 
equity  have  been  administered  equally  to  all  the 
divisions  of  the  High  Court  of  Justice,  and  if 
there  is  any  conflict  between  the  rules  of  law 
and  equity,  those  of  equity  are  to  prevail. 

After  the  Revolution,  the  States  of  the 
American  Union  continued  the  English  system; 
but  while  some  of  them  have  kept  strictly  to 
that  system  and  have  distinct  courts  of  law  and 
of  equity,  other  States  have  law  and  equity 
administered  by  the  same  judges  and  courts, 
at  one  time  sitting  as  courts  of  law  and  at 
another  time  as  courts  of  equity. 

Some  of  the  rules  and  maxims  of  equity 
are:  "Equity  considers  that  as  done  which 
ought  to  be  done  *  "Equity  acts  in  personam  9 
"He  who  comes  into  equity  must  do  so  w:th 
clean  hands."  "Between  equal  equities  priority 
of  time  will  prevail .»   •Between  equal  equities 
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the  law  will  prevail.*  «No  right  without  a 
remedy.*  "When  a  court  of  equity  has  once 
acquired  jurisdiction  of  a  cause  it  will  continue 
to  act  until  the  matter  is  finally  disposed  of." 

Equity  is  divided  into  three  great  classes  or 
divisions :  Equitable  titles,  equitable  rights 
and  equitable  remedies.  Equitable  titles  are 
those  which  arc  recognized  only  by  a  court  of 
equity,  as  where,  when  a  person  gave  a  value 
for  a  chose  in  action  which  was  assigned  to 
him,  the  assignment  was  not  recognized  at  law, 
as  it  would  violate  the  rules  against  champerty 
and  maintenance,  but  equity  allows  the  assignee 
to  bring  suit  in  the  name  of  the  assignor. 
Equitable  rights  arise  where  a  guardian  enters 
into  a  transaction  with  his  former  ward  a  very 
short  time  after  the  ward  has  obtained  his 
majority.  If  within  a  reasonable  time  the  ward 
returns  what  he  received  from  the  guardian 
the  guardian  will,  in  equity,  be  compelled  to 
return  the  property  to  the  ward.  Equitable 
remedies  arise  in  those  cases  in  which  the  law 
recognizes  a  right  but  cannot  enforce  it,  as 
where  a  contract  is  made  for  the  sale  of  a 
piece  of  property,  if  the  seller  refuses  to  con- 
vey, the  purchaser's  remedy  at  law  is  for 
damages  lor  breach  of  the  contract;  but  in 
equity  the  court  will  decree  specific  perform- 
ance. Generally  this  applies  only  to  real  estate, 
because  if  it  is  personal  property,  after  the 
damages  are  recovered  other  personal  property 
of  the  same  kind  can  he  purchased;  but  if  the 
personal  property  is  of  such  nature  that  it 
cannot  be  duplicated,  such  as  a  painting  by  a 
particular  artist,  equity  will  affirm  relief  in  the 
way  of  specific  performance. 

Suits  in  equity  are  commenced  by  a  bill  or 
petition.  The  bill  may  be  amended,  or,  if  the 
proceeding  have  gone  too  far  for  that,  a  sup- 
plemental bill  may  be  filed.  The  defense  is  by 
demurrer,  plea  or  answer.  The  judgment  of 
the  court  is  called  a  decree,  and  the  relief 
granted  is  such  as  to  affect  all  the  parties,  and 
is  adapted  to  the  facts  and  circumstances  of 
that  particular  case.  The  general  rules  of  evi- 
dence are  the  same  as  in  a  proceeding  at  law, 
but  the  answer  to  the  bill,  if  made  under  oath, 
is  evidence  for  the  defendant  in  so  far  as  it  is 
responsive  to  the  bill. 

Consult  Kcrly,  D.  M.,  'Historical  Sketch 
of  the  Equity  Jurisdiction  of  the  Court  of 
Chancery'  (London  1890)  ;  Pomeroy.  J.  N., 
'Equity  Jurisprudence  as  Administered  in  the 
United  States*  (3d  ed.  San  Francisco  1905)  ; 
Spence,  G.,  'Equity  lurisdiction  of  the  Courts 
of  Chancery'   (2  vols.  London  1846-49). 

EQUITY,  Courts  of.  See  Court 
EQUITY  OF  REDEMPTION.  The  right, 
enforceable  in  equity,  of  a  mortgagor  to  re- 
deem the  mortgaged  property,  even  after  for- 
feiture, bv  paying  the  debt  with  interest  and 
costs.  This  right  is  barred  only  by  strict 
foreclosure  proceedings  or  by  one  of  the  vari- 
ous  statutory  procedures  provided  for  the  pur- 
pose, or  by  the  mortgagee  taking  possession  of 
the  property  after  forfeiture  and  holding  it 
for  the  period  required  by  the  statute  of  limita- 
tions. The  term  is  also  applied  to  the  interest 
or  estate  remaining  in  the  mortgagor  in  prop- 
erty he  has  mortgaged.  Sec  Chancery; 
Equity;  Forfeiture;  Mortgage;  Redemption 
EQUIVALENT,  having  equal  value, 
power,  area  or  volume.      In  chemistry,  (1) 
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atomic  weight.  (2)  The  equivalent  of  a  base 
is  the  number  of  grams  of  it  which  will  neu- 
tralize one  gram-molecule  of  a  monobasic  acid. 
The  equivalent  of  an  acid  is  the  number  of 
grams  of  it  which  will  neutralize  one  gram- 
molecule  of  caustic  potash  or  soda.  See 
Chemistry. 

EQUULEU8,  e-kwoo'le-fis,  in  astronomy 
(•the  Colt»  or  "Little  Horse*),  one  of  the  48 
original  constellation's  of  the  Almagest,  situated 
just  between  the  head  of  Pegasus  and  Del- 
phinus.  It  has  Aquarius  on  its  south  side.  It 
is  a  very  inconspicuous  constellation,  its  bright- 
est star  being  of  the  fourth  magnitude.  Also 
a  name  given  to  the  rack,  or  instrument  of 
torture. 

ERA,  the  largest  unit  of  geologic  time. 
According  to  United  States  Geological  Survey 
usage,  all  geologic  time  is  divided  into  the  fol- 
lowing eras,  beginning  with  the  oldest :  Pro- 
tcrozoic, Palaeozoic,  Mcsozoic,  and  Ccnozoic 
By  some  authorities  one  and  sometimes  two 
other  eras  are  recognized.  The  earlier  part 
of  the  Protcrozoic  is  split  off  under  the  name 
Archeozoic  or  Azoic,  and  to  its  latter  divisions 
is  given  the  name  Protcrozoic  or  Eozoic.  The 
latter  part  of  the  Ccnozoic  is  also  sometimes 
split  off  to  form  the  Psychozoic.  But  these 
names  are  not  generally  recognized,  and  the 
official  classification  is  into  the  four  eras  first 
given.  These  divisions  are  in  part  based  on 
palseontologic  evidence,  that  is  on  changes  in 
fossil  form,  and  in  part  on  structural  con- 
siderations. With  few  exceptions  there  is 
unconformity  (q.v.)  between  the  Protcrozoic 
and  the  Palaeozoic.  The  close  of  the  Palaeozoic 
is  marked  by  the  folding  of  the  Appalachian 
Mountains  and  the  close  of  the  Mesozoic  by 
the  Rocky  Mountain  uplift.  Sec  Chronology; 
Etoch  ;  Proterozoic  ;  Paleozoic,  etc. 

ERA  OF  GOOD  FEELING.  1817-24.  In 
American  political  history,  Monroe's  two  ad- 
ministrations, up  to  the  canvass  for  his  suc- 
cessor. There  were  practically  no  issues,  and 
but  one  party.  The  issue  on  which  the  Fed- 
eralist party  was  founded  had  long  since  been 
appropriated  by  the  Democrats,  and  it  had 
foolishly  taken  theirs  in  exchange.  The  em- 
bargo and  the  war  had  created  a  sectional 
issue ;  but  peace  ended  that  and  left  no  pretext 
for  division.  The  Hartford  Convention  (q.v.) 
had  killed  the  old  leaders  politically;  the  new 
ones  had  joined  the  Democrats,  because  the 
embargo  and  the  war  had  driven  New  England 
capital  from  commerce  into  manufactures, 
and  it  wished  to  demand  tariff  favors  from  the 
administration.  But  it  was  a  decade  before  the 
tariff  and  internal  improvements,  the  next  divi- 
sion lines,  assumed  theoretic  •  consistency. 
Monroe  issued  an  inaugural  in  1817  especially 
to  placate  the  Federalist;  and  followed  it  by 
a  tour  through  New  England  where  he  was 
received  with  immense  ovations  from  both 
parties.  He  was  unanimously  re-elected  in 
1820,  save  for  the  whim  of  one  elector.  The 
personal  factions  which  contested  the  field  in 
1824,  the  coalition  (q.v.)  which  decided  the 
result,  and  the  Jacksonians'  fury  over  it,  ef- 
fectually ended  the  good  feeling. 

ERAGROSTIS,  a  large  genus  of  the 
grasses,  belonging  to  the  fcslucece.  There  arc 
over  100  species  of  the  Eragrostis,  of  which 
there  are  in  America  about  30,  cither  native 
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or  naturalized.  The  species  are  from  a  few 
inches  to  several  feet  in  height,  and  arc  found 
in  nearly  all  parts  of  the  United  States.  None 
are  of  commercial  importance,  and  such  as  arc 
used  for  hay  arc  accidental  growths  among 
cultivated  grasses.  The  strong  scented  Era- 
grostis  (E.  major),  is  an  ill-smelling  grass, 
but  tall,  erect  and  rather  handsome,  owing  to 
the  shape  and  size  of  its  leaves.  It  is  found  in 
almost  every  part  of  the  United  States  and  On- 
tario, naturalized  from  Europe. 

ERAN,  Eranian.   Sec  Iran,  Iranian. 

ERARD,  a-rar,  Sebastien,  French  musical 
instrument  maker:  b.  Strassburg  5  April  1752; 
d.  Passy.  near  Paris,  5  Aug.  1831.  He  went  to 
Paris  at  18,  and  with  his  brother,  Jean  Bap- 
tiste,  produced  pianofortes  so  superior  to  any 
previously  made  in  France  that  his  fame  quickly 
spread,  and  orders  flowed  in  upon  him  from  all 
quarters.  During  the  Revolution  he  went  to 
England  and  established  a  manufactory  in  Lon- 
don, and  when  peace  was  restored  his  life  was 
passed  between  that  city  and  Paris.  His  im- 
provements upon  the  harp,  more  especially  that 
of  the  douhlc  movement,  the  principle  of  which 
he  afterwards  communicated  to  the  piano,  en- 
titled him  to  high  merit  as  an  inventor. 

ERAS,  a'ras,  Wolfgang,  German  econo- 
mist: b.  Schonfeld,  1843;  d.  1892.  He  received 
his  education  at  the  universities  of  Leipzig, 
Jena  and  Berlin.  In  1866-70  he  served  as  secre- 
tary to  the  Rhenish-Westphalian  Industrial  As- 
sociation and  from  1871  to  1886  was  recorder 
of  the  Chamber  of  Commerce  at  Breslau.  After 
1886  he  was  secretary  of  records  of  the  Silesian 
Textile  Manufacturers'  Association.  He  pub- 
lished 'Der  Wahrungsstreit*  (1883);  'Einrich- 
tungen  fur  die  Binncnschiffahrt  an  deutschen 
und  hollandischcn  Handclsplatzen'  (1885); 
'Unser  Handel  mit  den  Balkanlandern>  (1891). 
He  edited  the  Jahrbuch  fiir  Volkswirtsckaft  in 
1868-69. 

ERASISTRATUS,  er-a-sTs'tra-tiis,  Greek 
physician.  He  lived  in  the  3d  century  before 
the  Christian  era,  was  the  court  physician  to 
Seleucus  Nicator,  king  of  Syria,  and  rendered 
himself  famous  by  the  sagacity  with  which  he 
discovered  the  malady  of  Antiochus,  the  king's 
son.  He  subsequently  went  to  Alexandria, 
where  he  devoted  himself  to  the  study  of  anat- 
omy. He  was  the  first  who  systematically  dis- 
sected the  human  body,  and  his  description  of 
the  brain  and  nerves  is  much  more  exact  than 
any  given  by  his  predecessors.  He  classified 
the  nerves  into  nerves  of  sensation  and  of 
locomotion,  and  it  is  said  had  almost  stumbled 
upon  the  discovery  of  the  circulation  of  the 
blood,  for  he  explained  that  the  veins  and  the 
arteries  had  their  origin  in  the  motion  of  the 
heart.  He  was  remarkably  adverse  to  blood- 
letting and  the  giving  of  purgatives,  relying 
chiefly  upon  dirt  and  regimen,  bathing,  exercise, 
friction  and  the  mo«t  simple  articles  of  the 
vegetable  kingdom,  for  the  restoration  and 
preservation  of  health.  His  professional  fol- 
lowers, a  body  of  physicians  of  note,  were 
known  as  Ernsistratcaris.  He  wrote  several 
works  on  anatomy,  practical  medicine  and 
pharmacy,  of  which  only  the  titles  remain,  to- 
gether with  a  great  number  of  short  fragments 
preserved  bv  Galen  and  other  ancient  medical 
writers.    Consult  Fuchs,  <  Dc  Erasistrato  Capila 


Selecta»  (in  'Hermes^  Vol.  XXIX,  Berlin 
1894)  ;  Hicronymus,  'Erasistrati  et  Erastitrat- 
corum  Historia'  (Jena  1790)  ;  Suscmihl,  <Gc- 
schichte  der  gricchischen  Litteratur'  (Vol.  I, 
Leipzig  1892). 

ERASMUS,  c-raz'mus,  Saint,  Syrian  bishop 
•and  martyr.  He  is  said  to  have  been  put  to 
death  under  Diocletian  by  disemboweling,  and 
his  martyrdom  is  frequently  represented  in  art. 
As  he  was  counted  as  one  of  the  14  Succorers 
of  the  Distressed,  so  was  his  aid  especially  in- 
voked in  affections  of  the  stomach.  The  re- 
maining 13  Succorers  are  Saints  Acasius, 
Blasius,  Christopher,  Cyriacus,  Dionysius  the 
Areopagite,  Egidius,  Eustathius,  George  the 
Martyr,  Pantaleon,  Vitus,  Barbara,  Catharine 
and  Margaret.  June  2  is  the  saint's  day  of 
Erasmus.  On  the  capture  of  Formiae  (the 
reputed  scene  of  the  martyrdom  of  Erasmus 
in  the  3d  century),  by  the  Saracens  in  842,  the 
body  of  the  saint,  or  what  was  popularly  be- 
lieved to  be  his,  was  removed  to  Cajcta. 

ERASMUS,  Desiderata,  Dutch  scholar:  b. 
Rotterdam,  probably  28  Oct.  1467;  d.  Basel, 
Switzerland,  12  July  1536.  He  was  the  illegiti- 
mate son  of  one  Gerhard  of  Gouda.  The  name 
by  which  he  is  known  is  merely  the  Latin  and 
Greek  rendering  of  Gerhard,  Desiderius,  the 
Latin,  and  Erasmus,  or,  more  correctly,  Eras- 
mius,  the  Greek  equivalent  He  was  a  singing- 
boy  in  the  cathedral  of  Utrecht  till  his  ninth 
year,  then  entered  the  school  at  Deventer, 
where  he  displayed  such  brilliant  powers  that 
it  was  predicted  that  he  would  be  the  most 
learned  man  of  his  time.  At  the  age  of  17 
he  assumed  the  monastic  habit  near  Gouda,  but 
the  bishop  of  Cambrai  delivered  him  from  this 
constraint  by  taking  him  as  a  Latin  secretary. 
In  1492  he  was  ordained,  and  went  to  Paris  to 
perfect  himself  in  theology  and  polite  literature, 
and  there  became  the  instructor  of  several  rich 
Englishmen,  from  one  of  whom  —  Lord  Mont- 
joy —  he  received  a  pension  for  life.  He  ac- 
companied them  to  England  in  1497,  where  he 
was  graciously  received  by  the  king.  He  re- 
turned soon  after  to  Paris,  and  then  traveled 
into  Italy  to  increase  his  stock  of  knowledge. 
He  now  asked  a  dispensation  from  the  vows  of 
his  order,  which  the  Pope  granted  him.  He 
visited  Venice,  Padua  and  Rome;  taught  at 
Louvain  1502-04;  but  brilliant  as  were  the 
offers  here  made  him,  he  preferred  the  in- 
vitation of  his  friends  in  England.  When  he 
visited  the  lord-chancellor.  Sir  Thomas  More 
(1506),  without  making  himself  known  to  him, 
the  chancellor  was  so  delighted  with  his  con- 
versation that  he  exclaimed,  "You  are  either 
Erasmus  or  the  devil."  He  made  his  third  visit 
to  England  in  1509.  He  was  offered  a  benefice, 
but  was  unwilling  to  fetter  himself  by  an  office 
of  this  kind.  He  was  for  a  short  time  pro- 
fessor of  divinity  and  Greek  at  Oxford.  He 
afterward  traveled  through  Germany  and  the 
Netherlands,  and  went  to  Basel,  where  he  had 
his  works  printed  by  Frobcn  and  acted  as  gen- 
eral adviser  of  Frobcn's  presses,  which  he 
raised  to  be  the  most  important  in  Europe. 

To  profound  and  extensive  learning  Erasmus 
joined  a  refined  taste  and  a  delicate  wit. 
Naturally  fond  of  tranquillity  and  independence, 
he  preferred  the  pleasure  of  literary  case  and 
retirement  to  the  pomp  of  high  life  All 
through  life  he  suffered  from  a  bad  stomach; 
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he  could  not  eat  nor  bear  the  smell  of  fish ; 
as  he  humorously  put  it,  "his  heart  was  Catho- 
lic, but  his  stomach  was  Lutheran."  For  a 
man  of  a  detached  and  inquiring  mind  like  his, 
partisanship  was  impossible;  but  he  wished  to 
see  the  power  of  the  clergy  broken  as  the  main 
obstacle  to  the  spread  of  liberal  ideas.  But  he 
recoiled  from  the  fanaticism  which  accompa- 
nied the  Reformation,  and  had  no  sympathy 
with  the  evangelicism  to  which  it  gave  birth. 
Indeed  theological  disputation  had  no  attrac- 
tions for  him,  although  it  has  been  said  of  him 
that  he  laid  the  egg  which  Luther  hatched. 
Luther  spoke  for  the  low-born ;  Erasmus  for 
the  more  cultured  class.  He  implies  that  the 
revelation  of  religion  has  added  nothing  to  life 
that  makes  it  worth  living.  The  incisive  way 
in  which  he  handled  the  religious  abuses  of 
his  time  prepared  men's  minds  for  Luther's 
work,  and  he  was  also  free  and  outspoken  in 
his  criticism  of  the  treatment  meted  out  by 
kings  to  their  subjects.  The  great  service  he 
rendered  was  in  fighting  the  battle  of  sound 
learning  and  plain  common  sense  against  ob- 
scurantism,  and   in   emphasizing   the  sover- 

T place  of  reason  as  the  ultimate  guide  in 
questions,  religious  and  political  not  ex- 
cepted. Besides  his  editions  of  various  classics, 
the  first  edition  of  the  Greek  Testament  from 
MSS.  (with  Latin  translation),  and  his  other 
philological  and  theological  writings,  may  be 
only  mentioned  his  well-known  book  in  praise 
of  folly,  'Encomium  Moriae,'  and  his  'Collo- 
quies' (1519).  His  letters  are  very  valuable  in 
reference  to  the  history  of  that  period.  (See 
Colloquies  of  Erasmus;  Praise  of  Folly, 
The).  Consult  'Lives'  by  Knight  (1726); 
Jortin  (1748);  Burigny  (1752);  Durand  de 
Laur  (1874);  Feugere  (1874);  Drummond 
(1873) ;  Froude  (1894). 

ERASMUS  MONTANUS,  comedy  in  five 
acts  by  Holberg;  translated  by  O.  I.  Campbell 
and  F.  Schcnck.  It  was  written  before  1723 
but  not  produced  till  1747.  It  did  not  at  once 
score  such  a  success  as  many  of  his  other 
comedies.  Now,  however,  it  is  considered  not 
only  to  be  an  excellent  picture  of  the  times, 
but  it  has  its  value  for  all  times  as  showing 
the  contrast  in  life  between  appearance  and 
reality  and  also  the  demand,  strong  then  as  now, 
that  the  individual  seek  the  truth  for  its  own 
sake. 

Erasmus,  the  son  of  a  well-to-do  peasant, 
has  studied  at  the  university  and  now  is  on  a 
visit  to  his  parents  in  the  village,  called  'The 
Hill."  As  he  has  tasted  of  the  tree  of  knowl- 
edge, he  wants  to  show  off  his  great  learning, 
claiming  to  be  able  to  "prove*  in  a  logical  way 
any  assertion,  however  foolish,  he  makes.  His 
arrogant  ways  and  hair-splitting  methods 
arouse  the  antagonism  of  all.  Through  the 
•Lieutenant,*  who  is  Holberg's  mouthpiece  in 
the  comedy,  Erasmus  is  properly  punished,  and 
he  is  finally  compelled  to  renounce  the  only 
true  assertion  he  has  made,  viz.,  that  the  earth 
is  round. 

In  the  leading  character,  Erasmus  Montanus, 
with  his  insufferable  intellectual  conceit,  ac- 
quired at  the  university,  Holberg  attacks  the 
methods  and  aims  of  this  seat  of  learning, 
ridicules  the  academic  pedantry,  the  formalism 
of  logic  and  the  Latin  disputations  as  prac- 
tised at  the  time.    Holberg  knew  that  among 


the  peasants,  ignorant  though  they  were  and 
often  so  sadly  neglected,  'there  was  a  good 
deal  of  common  sense.  In  Jacob,  Erasmus' 
brother,  Holberg  has  presented,  in  a  most 
humorous  manner,  the  contrast  to  the  vain  and 
empty  "learning"  of  the  hero.  In  Peter  the 
deacon,  Jcspcr  the  bailiff,  Jeronimus  whose  con- 
servatism shrinks  in  terror  from  anything  that 
is  new,  Holberg  shows  his  mastery  in  drawing 
character,  and  in  the  scenes  in  which  they 
figure,  the  author's  humor  is  at  its  best.  Many 
sayings  in  this  comedy  are  common  property 
in  the  current  speech  of  the  Scandinavian 
countries  even  to-day.  Consult  Campbell,  'The 
Comedies  of  Holberg.' 

Gisle  Bothne. 

BRASTIANS,  in  England,  a  name  applied 
to  a  party  that  arose  in  the  17th  century,  deny- 
ing the  right  of  autonomy  to  the  church  —  a 
right  neither  maintained  nor  denied  by  Erastus 
(q.v.).  The  Erastian  controversy  broke  out  at 
the  time  of  the  Westminster  Assembly.  The 
leading  Erastians  in  that  assembly  were  Light- 
foot  and  Coleman,  who  were  supported  by 
Selden,  Saint  John  and  Whitelocke.  three  noted 
lawyers,  in  the  House  of  Commons.  The  Eras- 
tians in  England  would  subordinate  the  govern- 
ment of  the  Church  to  the  authority  of  the 
State,  both  as  regards  doctrine  and  discipline. 
Since  the  time  of  the  Reformation  the  con- 
troversy has  been  confined  chiefly  to  the 
Church  in  Scotland  where  the  term  Erastinian 
has  been  applied  to  those  denying  the  power 
of  the  Church  to  nullify  the  operation  of  lay 
patronage.  Consult  Cunningham,  'Historical 
Theology'  (Vol.  II,  Edinburgh  1862)  ;  Henson, 
•English  Religion  in  the  Seventeenth  Century' 
(London  1903). 

ERASTUS,  Thomas  (a  Latin  translation  of 
his  name  Liebler  or  Lieber),  German  theolo- 
gian and  physician :  b.  Auggen,  near  Muhlheim, 
1524;  d.  Basel,  Switzerland,  1583.  He  studied 
theology  at  Basel  (where  he  Grecized  his 
name),  and  philosophy  and  medicine  at  Bologna 
and  Padua.  After  nine  years  in  Italy,  he  was 
appointed  physician  to  the  counts  of  Hcnncbcrg. 
In  1558  he  received  an  invitation  to  go  to  the 
court  of  the  Elector  Palatine,  and  accepted 
it.  There  he  became  first  physician  and  Privy 
Councilor  and  professor  of  medicine  at  Heidel- 
berg. He  removed  from  Heidelberg  to  fill  the 
chair  of  medicine  at  Basel  in  1580.  Shortly 
before  his  death  he  had  been  appointed  profes- 
sor of  ethics.  Erastus  was  a  skilful  physician 
and  a  man  of  upright  character,  an  equally 
vigorous  writer  against  "the  new  medicine  of 
Philip  Paracelsus*  (1572)  holding  that  the  only 
true  road  to  knowledge  is  to  be  found  in  ex- 
perimental investigation,  and  not  in  astrology, 
magic  and  other  obsolete  practices.  In  theology 
he  was  a  follower  of  Zwingli,  and  his  fame  now 
rests  on  his  strenuous  opposition  to  Calvinist 
discipline  and  Presbyterian  order.  In  1564  he 
maintained  the  Zwinglian  doctrine  of  the  Lord's 
Supper  at  the  conference  of  Maulbronn,  and 
it  was  in  defense  of  it  that  he  wrote  'Vom 
Verstand  der  Wort  Christi  "Das  ist  Mein 
Leib"  »  (1565).  Erastus  was  excommunicated 
on  a  false  suspicion  of  heresy,  founded  on  a 
correspondence  with  Unitarians  of  Transyl- 
vania, but  was  restored  in  1575.  His  chief  work 
is  a  treatise  on  excommunication  entitled  'Ex- 
plicatio  gravissimae  quxstionis  utrura  Excom- 
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municatio  mandato  nitatur  divino,  an  excogitata 
sit  ab  hominibus.'  This  was  answered  by  Bcza 
in  his  'De  vera  Excommunicatione  ct  Christi- 
ano  Presbyterio'  (1590).  Erastus  maintained 
that  no  member  ot*  the  church  should  be  ex- 
cluded from  her  communion  as  a  punishment 
for  sin.  Punishment  is  "the  special  duty  and 
office"  of  the  civil  magistrate.  Consult  Bon- 
nard,  'Thomas  Enistc  et  la  discipline  ecclesi- 
astique'  (1894)  ;  Lee,  'The  Theses  of  Erastus 
Touching  Excommunication*  (Edinburgh  1844). 
Sec  Erastians. 

ERATO,  erVto  (Gr.  era&,  I  love),  one  of 
the  nine  Muses,  whose  name  signifies  loving,  or 
lovely.  She  presides  over  lyric  and  especially 
amatory  poetry,  the  songs  of  lovers,  and 
touches,  as  Ovid,  in  his  "Art  of  Love.'  informs 
us,  the  hearts  of  the  coldest  maidens  by  her 
tender  lays.  She  is  represented  as  crowned 
with  roses  and  myrtle,  in  the  act  of  playing, 
the  plectrum  in  her  right  hand  and  the  lyre  in 
her  left. 

In  zoology  crato  is  a  genus  of  cowries  be- 
longing to  the  family  of  cypraudx.  (Sec 
Musks.)  Erato  is  also  the  name  of  one  of  the 
planetoids. 

ERATOSTHENES,  er-a-tos'the-nez,  Greek 
astronomer,  geographer  and  philosopher:  b. 
Cyrene,  Africa,  276  b.c.  ;  d.  about  196  b.c.  He 
studied  in  his  native  town  and  Alexandria  and 
then  went  to  Athens.  He  became  librarian  at 
Alexandria,  and  improved  the  science  of  mathe- 
matical geography,  which  he  reduced  to  sys- 
tem; but  he  gained  his  greatest  renown  by  his 
investigations  oi  the  size  of  the  earth,  his  esti- 
mate of  the  circumference  of  which  was  sur- 
prisingly near  the  truth.  He  wrote  also  on 
chronology,  grammar,  philosophy,  literature, 
history  and  the  drama,  and  was  considered  no 
mean  poet.  He  rendered  much  service  to  as- 
tronomy and  first  observed  the  obliquity  of  the 
ecliptic.  He  is  said  to  have  starved  himself  to 
death  after  becoming  blind.  The  extant  frag- 
ments of  his  writings  were  collected  by  Bern- 
hardt- in  his  <  Eratosthcnica'  (1822);  his  geo- 
graphical fragments  were  published  by  Bergcr 
in  1880. 

His  commentary  on  'Timxus*  (of  Plato) 
seems  to  have  been  highly  valued  in  his  day, 
and  his  philosophical  dialogues  became,  as  they 
were  intended,  popular.  His  'On  the  Old 
Comedy,'  which  treated  of  the  foremost  comic 
poets  in  12  or  more  books,  was  looked  upon  as 
a  really  great  work.  In  it  he  dealt  with  the 
works  of  the  poets  and  the  general  life  and 
management  of  the  theatre.  He  may  be  said 
to  have  been  the  father  of  exact "  chronology 
since  he  endeavored  to  ascertain  the  dates  of 
the  principal  events  in  history,  politics  and  lit- 
erature from  the  fall  of  Troy  to  his  own  day. 
In  his  'Katasterismoi'  he  deals,  in  an  interest- 
ing manner,  with  the  relation  existing  between 
the  popular  Greek  mythology  and  the  constella- 
tions. In  his  'Geography,'  issued  in  three 
books,  he  made  the  first  known  attempt  to  treat 
the  subject  scientifically,  historically  and  ex- 
perimentallv.  He  wrote  two  books  on  mathe- 
matics, which  have  not  survived  him,  and  he 
worked  out  a  "sieve"  to  discover  all  prime 
numbers. 

Bibliography.— Bcrger,  'Die  gcographischen 
Fragmente  ties  Eratosthenis'  (Leipzig  1870); 
Bcrnhardy.    1  Eiatosthenica'     (Berlin  1822); 
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Christ-Schmidt,  'Geschichte  der  griechischen 
Litteratur'  (Munich  1911);  Hillier,  'Eratosthe- 
nis Carminum  Rcliqux*  (Leipzig  1872)  ;  Maass, 
'Eratosthenica'  (Berlin  1883);  Olivicri, 
'Pseudo-Eratosthenis  Catastcrismi'  (in  Mytho- 
graphi  Grxci'  III,  Leipzig  1897)  ;  Robert, 
'Eratosthenis  Casasterismorum  Reliquiae  (Ber- 
lin 1878);  Schaubach,  'Katasterismoi'  (1/95); 
Scidel,  'Geographical  Fragments  of  Eratos- 
thenes' (1799);  Stiehlc,  'Zu  den  Fragmenten 
des  Eratosthenes'  (in  t'hilologux,  supplement- 
ary, Vol.  2,  Gottingcn  1863)  ;  Suscmihl,  'Ges- 
chichte der  griechischen  Litteratur  an  der 
Alcxandrinerzcit'  (Leipzig  1892). 

ERANZO,  a-row'thd.  Catalina  de,  Spanish- 
American  heroine:  b.  San  Sebastian,  Viscaya, 
10  Feb.  1585;  d.  Cuitaxtla,  near  Orizaba, 
Mexico,  1650.  The  daughter  of  a  good  family 
of  Biscay,  she  was  placed  at  an  early  age  in 
a  Dominican  convent  of  her  native  city  with  a 
view  to  entering  on  a  religious  state.  Soon 
she  attracted  attention  by  her  originality  of 
character  and  her  passionate  love  of  liberty.  In 
consequence  of  a  dispute  with  one  of  her 
superiors,  Catalina,  on  18  May  1607,  being  then 
a  novice,  she  scaled  the  walls  and  escaped  to 
the  woods,  where,  subsisting  on  herbs  and  roots, 
she  remained  three  days  and  in  that  time  trans- 
formed her  garb  into  that  of  a  man.  Pro- 
ceeding to  Vittoria  she  found  employment  as  an 
amanuensis.  Thereafter  she  wandered  over  a 
great  part  of  Spain,  being  employed  many  times 
in  divers  occupations  usually  reserved  to  the 
male  sex.  After  some  years  she  embarked  on 
a  Spanish  vessel  bound  for  America  as  a  mem- 
ber of  the  crew.  On  arrival  in  the  New  World 
she  deserted  and  secured  employment  with  a 
rich  merchant,  who  later  made  her  administrator 
of  his  affairs.  After  many  adventures  in  which 
she  managed  successfully  to  conceal  her  sex  she 
enlisted  as  a  soldier  and  won  distinction  fight- 
ing against  the  natives,  winning  the  grade  of 
ensign.  Her  disposition  led  her  into  many 
scrapes,  principally  duels,  in  which  she  was  not 
always  victorious.  More  than  once  she  slew  her 
opponents  in  duels  and  in  quarrels  and  twice 
she  was  reprieved  after  sentence  of  death  had 
been  imposed  on  her.  Being  gravely  wounded 
in  a  quarrel  at  Cuzco,  Catalina  believed  herself 
lo  be  dying  and  longed  to  reveal  her  sex. 
She  revealed  the  secret  to  the  priest  who  visited 
her.  She  afterward  met  Bishop  Augustin  de 
Carvajal  to  whom  she  related  the  story  of  her 
life,  telling  him  she  was  willing  to  submit  to 
examination  by  a  committee  of  matrons,  adding 
that  she  still  preserved  her  purity.  It  was 
proved  by  the  matrons  that  she  had  spoken  the 
truth.  Catalina  lived  in  a  convent  in  1620-22, 
then  traveled  to  New  Granada,  and  sailed  for 
Spain,  arriving  in  Cadiz,  1  Nov.  1624.  Her 
fame  had  preceded  her  and  she  was  enthusi- 
astically received.  In  Madrid  she  was  received 
by  Philip  IV.  who  granted  her  a  life  pension 
of  800  crowns.  She  journeyed  to  Rome,  where 
she  narrated  her  eventful  history  to  Pope  Urban 
VIII,  who  gave  her  permission  to  dress  in  male 
attire  for  the  rest  of  her  life.  Returning  to 
Spain  she  resided  in  Seville  until  1630,  when 
she  set  out  for  Mexico,  where  she  served  in  the 
army  for  some  years  and  afterward  with  a 
string  of  pack-mules  began  trade  between 
Mexico  City  and  Vera  Cruz.  She  was  buried  at 
Orizaba.  In  1653  the  history  of  her  life,  written 
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by  herself,  was  published  in  Mexico.  This 
autobiography  under  the  editorship  of  Joaquin 
Maria  Ferrer  was  issued  at  Paris  in  1829  under 
the  title  'Historia  de  la  Monja  Alferez,  etc., 
escrita  por  ella  misma  con  notas  y  piezas  justi- 
ficativas.  > 

ERB,  Wilhelm  Heinrich,  German  neuro- 
pathologist: b.  Winnweiler,  Bavaria,  1840.  He 
received  his  education  at  the  universities  of 
Heidetberg,  Erlangcn  and  Munich.  From  1880 
to  1883  he  was  professor  of  special  pathology 
and  therapy  at  Leipzig,  thereafter  removing  in 
the  same  capacity  to  the  University  of  Heidel- 
berg, where  he  was  appointed  clinical  director. 
He  has  made  extended  investigations  on  electro- 
therapy and  neuropathology.  Hi*  published 
works  include  'Handbuch  der  Krankheiten  dcr 
pcriphcren  ccrebro-spinalen  Ncrven*  (2d  ed., 
1876)  ;  'Handbuch  dcr  Krankheiten  des  Riicken- 
marks  und  des  vcrlangcrtcn  Marks'  (2d  ed., 
1878);  'Handbuch  der  Elcktrotherapic'  (Eng- 
lish trans,  by  Putzcl,  1883)  ;  'Ueber  die  neucrc 
Entwicklung  der  Ncrvenpathologic'  (1880); 
'Dystrophia  Muscularis  Progressiva'  (1891)  ; 
'Gesammtltc  Abhandlungen'  (1910). 

ERBEN,  Henry,  American  naval  officer: 
b.  New  York,  September  1832 ;  d.  1909.  He  was 
graduated  at  the  United  States  Naval  Academy 
in  1854,  became  commander  in  1868,  rear- 
admiral  in  1894,  and  was  retired  in  the  latter 
year.  During  the  Civil  War  he  served  with 
Admiral  Farragut  in  the  Gulf  of  Mexico  and 
on  the  Mississippi  River  with  Admiral  Dupont. 
etc.  In  1866-69  he  was  on  duty  in  South 
America;  later,  in  command  of  the  Tuscarora, 
he  made  deep-sea  soundings  in  the  Pacific; 
afterward  commanded  the  Pensatola  in  a  trip 
round  the  world,  and  in  1891-92  was  command- 
ant of  the  New  York  Navy  Yard  and  of  the 
European  squadron  in  1893-94.  He  voluntarily  . 
returned  to  service  in  the  Spanish- American 
War. 

ERBEN,  Karl  Jaromir,  Czech  poet:  b. 
Milctin  1811;  d.  1870.  He  received  his  educa- 
tion at  the  University  of  Prague,  was  a  leading 
figure  in  the  Czech  troubles  of  1848  and  two 
years  later  was  appointed  secretary  of  the 
Museum  at  Prague  and  archivist  of  the  town  in 
1851.  In  1855  he  published  the  important  his- 
torical work  'Regesta  Diplomatica  nec  non 
Epistolaria  Bohemia?  et  Moravian.'  His  fame 
spread  through  his  volume  of  ballads,  'Kytice,' 
and  his  collections  of  folksongs  and  popular 
melodies.  In  1863-65  his  100  Slavic  folk  tales 
earned  him  a  reputation  similar  to  that  of  the 
Grimm  Brothers.  He  also  edited  the  vernacular 
works  of  John  Huss.  Consult  Novak. 
'Cechischc  Lfttcratur  'dcr  Gegcnwart>  (Leipzig 
1907). 

ERBIUM,  a  rare  metallic  clement,  occurring 
in  the  form  of  a  tantalate  or  silicate  in  the 
minerals  gadolinite,  fergusonite  and  cuxenite, 
and  as  a  phosphate  in  the  mineral  xenotime. 
It  has  the  chemical  symbol  Er.  or  E,  and  an 
atomic  weight  of  about  167.7.  The  oxide  of 
erbium,  ErjOj,  has  a  pale  rose  color,  is  infusible, 
and  when  strongly  heated  glows  with  a  bril- 
liant green  light.  It  is  not  affected  by  water, 
but  dissolves  slowly  in  hot  acids  with  the  for- 
mation of  the  corresponding  erbium  salts.  Most 
of  the  salts  are  rose-colored  and  the  haloid 
compounds  arc  also  deliquescent.    The  name 
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erbium  is  derived  from  Yttcrby,  Sweden,  where 
the  mineral  gadolinite  is  found.  The  recog- 
nition of  erbium  as  a  new  element  is  attributed 
to  Mosander  (1843),  but  the  metal  itself  has 
not  yet  been  isolated. 

ERBT,  Wilhelm,  German  biblical  scholar: 
b.  Berlin  1876.  He  was  educated  at  Halle, 
Greifswald.  Leipzig  and  Wittenberg.  He  has 
held  several  pastorates  and  taught  in  various 
seminaries.  His  works  on  Hebrew  religion  and 
history  has  brought  him  an  international  repu- 
tation. Thcv  include  'Die  Purimsage  in  dcr 
Bibcl'     (1900);    Jeremia    und    seine  Zeit' 

(1902)  ;    'Sicherstellung    des  Monotheismus' 

(1903)  ;  'Israel  und  Juda'  (1903);  'Die  Ur- 
geschichte  dcr  BibcP  (1904);  'Die  Hcbraer* 
(1906);  'Elia.  Elisa,  Jona»  (1907);  'Hand- 
buch zum  Alten  Testament'  (1909);  'Kirchen- 
geschichtc'  (5th  ed.,  1913);  'Das  Marcusevan- 
gclium'  (1911);  'Von  Jerusalem  nach  Rom' 
(1912)  ;  Geschichte  der  Religion  in  dcr  Alten 
Welt'  (1913). 

ERCILDOUNE,  Thomas  of.  Sec  Rhymek, 
Thomas. 

ERCILLA  Y  ZUNIGA,  ar-thel'ya  e  thoo- 
nye'ga,  Alonzo  de,  Spanish  soldier  and 
epic  poet:  b.  Madrid,  7  Aug.  15*33;  d.  there. 
29  Nov.  1594.  He  was  of  noble  family  and 
was  a  close  friend  of  the  prince  who  afterward 
became  Philip  XI  of  Spain.  His  father  died 
w-hen  the  boy  was  less  than  a  year  old,  and 
his  mother,  who  had  charge  of  the  family  es- 
tates and  who  was  related  to  the  royal  families 
of  several  of  the  European  countries,  made 
visits  to  Germany,  Austria,  Hungary  and  other 
European  courts,  taking  Alonzo  with  her.  She 
also  succeeded  in  getting  him  appointed  page 
at  the  court  of  Spain.  Before  he  had  reached 
man's  estate  he  had  seen  much  of  the  court 
and  was  one  of  the  most  traveled  persons  in 
Spain.  At  the  age  of  22  Ercilla  sailed  for 
South  America  on  the  Spanish  squadron  sent 
out  at  the  king's  command.  In  1557  he  ac- 
companied the  new  governor  of  Chile,  Garcia 
Hurtado  c  Mendoza,  from  Panama  to  Lima. 
An  insurrection  breaking  out  among  the  Arau- 
canian  Indians  of  Chile,  Ercilla  joined  an  expe- 
dition sent  against  them.  The  difficulties  the 
Spaniards  had  to  encounter,  the  heroic  resist- 
ance of  the  natives,  and  the  multitude  of  gallant 
deeds  by  which  the  war  was  signalized,  inspired 
the  young  and  brave  Ercilla  with  the  idea  of 
making  it  the  subject  of  an  epic  poem,  to  which 
he  gave  the  name  'La  Araucana.'  While 
on  this  campaign  Ercilla  and  a  fellow  officer, 
Pineda,  were  arrested  by  the  commanding  officer 
and  condemned  to  death.  They  spent  the  night 
in  the  death  chapel ;  and  in  the  morning  their 
sentence  was  commuted  to  imprisonment  while 
the  expedition  lasted  and  final  banishment  from 
the  country.  Ercilla  recovered  his  liberty  after 
a  short  time  and  frequently  distinguished  him- 
self for  bravery  in  the  remaining  part  of  the 
campaign.  Returning  to  Spain  in  1562,  during 
a  two  years'  journey,  he  visited  Germany  for 
the  third  time,  Hungary,  France  and  Austria. 
He  was  knighted  and  made  Duke  of  Lcrnia  on 
his  return  to  Spain.  In  1575  he  went  to  Italy 
and  was  received  by  the  Pope.  Later  he  again 
visited  Germany,  became  a  friend  of  the  Em- 
peror Maximilian  and  attended  his  coronation 
as  King  of  Bavaria.  Later  he  was  sent  on  diplo-. 
matic  missions  by  the  King  of  Spain.   He  seems 
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to  have  lost  many  of  his  friends  and  much  of 
his  property  in  his  old  age.  He  returned  to 
Spain  after  having  finished  the  first  part  of  his 
epic.  In  1570  he  had  married  Maria  Bazan  at 
Madrid,  whose  charms  and  virtues  arc  cele- 
brated by  him  in  various  passages  of  his  poem. 
In  1569  the  first  15  cantos  of  his  poem  appeared ; 
in  1578  a  second  part,  and  in  1590  a  third  part 
were  added,  making  in  all  37  cantos.  The  'Arau- 
cana'  is  an  historical  epic  in  the  octave  measure 
in  which  the  author  confines  himself,  with  the 
exception  of  some  episodes  and  a  few  fictions, 
to  the  exact  historical  course  of  events.  Hence 
the  poem  often  assumes  almost  the  character 
of  a  chronicle.  In  addition  to  its  poetic  merits, 
which  arc  not  few,  'La  Araucana'  is  very  valu- 
able for  the  information  it  gives  of  the  condi- 
tions in  the  Spanish  colonies  of  America.  F.rcilla 
is  impartial  even  to  his  Indian  enemies  whom  he 
admires.  His  literary  work  is  good  and  his 
descriptions  of  times,  manners  and  personages 
are  vivid  and  bear  the  stamp  of  truth.  His 
battle  pictures  are  especially  vivid.  Consult 
Barros  Arana,  'Historia  General  de  Chili' 
(Santiago  1884).  Lope  de  Vega  has  taken  from 
the  epic  of  Ercilla  the  materials  for  his  piece 
'Araucana  Conquered.'  The  best  editions  arc 
those  published  at  Madrid  in  1776  and  1876  and 
1828.  It  has  been  translated  into  Italian,  and 
twice  into  French.   See  Araucana,  La  ;  Arau- 

CANIANS. 

ERCKMANN-CHATRIAN,  erk'man-sha- 
tre-aii',  the  combined  surnames  of  two  French- 
men, natives  of  Alsace,  who  collaborated  in 
writing  romances.  Emile  Erckmann  :  b.  Phals- 
bourg,  20  May  1822;  d.  Luneville,  14  March 
1899.  Having  completed  his  studies  in  the  com- 
munal college  of  his  native  town,  he  went  to 
Paris  in  1842  to  study  law.  Returning  to  Phals- 
bourg  in  1847  because  of  a  serious  illness,  he 
began  to  turn  his  attention  to  romance  writing 
during  his  convalescence.  It  was  about  this 
time  (1848)  that  he  met  his  collaborateur,  Louts 
Gratien  Charles  Alexandre  Chatrian,  b. 
Soldatenthal,  18  Dec.  1826;  d.  Raincy,  3  Sept. 
1890.  Chatrian  was  a  member  of  an  old  family 
of  glass-work  owners,  and  it  was  intended  that 
he  should  follow  the  same  craft.  Instead  of 
doing  so,  however,  he  left  his  native  village 
and  became  a  teacher  in  Phalsbourg,  where  he 
made  the  acquaintance  of  Erckmann.  For  sev- 
eral years  the  stories  produced  by  this  copart- 
nership were  published  in  obscure  newspapers, 
both  in  Strassburg  and  Paris,  but  about  1860 
their  graphic  romances  of  Alsace  in  the  time 
of  Napoleon  I  gained  a  rapid  popularity.  Their 
stories,  though  not  possessing  any  particularly 
high  literary  value,  were  distinguished  especially 
for  their  sincerity,  their  striking  descriptions 
and  their  clever  characterizations.  Their  pul>- 
lished  works  include  'L'lllustre  Dr.  Mathcus' 
(1859)  ;  'Contes  de  la  Montague'  (1860)  ;  'Con- 
tes  Fantastiques'  (1860)  ;  'Maitrc  Daniel  Rock' 

(1861)  ;   'Les  Contes  des  Bords  du  Rhin' 

(1862)  ;  'L'Invasion,  ou  le  Fou  YeRof '  (1862)  ; 
'Joueur  de  Clarinette'  (1863);  'L'Ami  Fritz' 
(1864);    'Histoire    d'un    Conscrit    de  1813' 

(1864)  ;  'Madame  Therese'  (1864);  'Waterloo' 

(1865)  ;  'Histoirc  d'un  Homme  du  Peuple' 
(1865);  <La  Guerre'  (1866);  'La  Maison 
Forcstiere'  (1866);  »Le  Bloats*  (1867);  'His- 
toirc d'un  Pavsan'  (4  vols..  1868-70)  ;  <Le  Juif 
Polonais'  (1869);  'Histoirc  d'un  Sous-Maitrc> 


(1869);  'Histoire  du  Plebiscite'  (1872)  ;  'Les 
Deux  Freres'  (1873)  ;  'Une  Campagne  en  Kaby- 
lie»  (1874);  'Le  Brigadier  Frederic'  (1874); 
'Hugues  le  Loup'  (1876);  'Maitre  Gaspard 
Fix'  (1876);  'Souvenirs  d'un  Ancicn  Chef  de 
Chanticr'  (1876);  'Contes  Vosgiens'  (1877); 
«Le  Grand-Pere  Lebigre'  (1880)  ;  'Quelques 
Mots  sur  L'Espril  Humain'  (1880)  ;  'Les  Vieux 
de  la  Vieille'  (1881);  «Le  Banni'  (1882). 
Some  of  these  have  been  collected  into  groups, 
in  accordance  with  their  contents:  'Romans 
Nationaux'  (1867)  ;  'Contes  et  Romans  Popu- 
lates' (1867);  'Contes  et  Romans  Alsaciens' 
(1876).  They  also  dramatised  successfully  some 
of  their  novels:  'L'Ami  Fritz'  (1867);  'Le 
Juif  Polonais'  (1869,  known  in  its  English  adap- 
tation by  L.  Lewis  as  'The  Bells'  and  pro- 
duced with  considerable  success  bv  Sir  Henry 
Irving);  'Madame  Therese'  (1882);  'Les  Deux 
Freres'  (1884,  known  in  its  dramatised  form  as 
'Les  Rantzau').  English  translations  are  avail- 
able of  practically  all  these  publications.  There 
arc  also  German  translations  of  many  of  them 
and  of  some  of  these  a  collection  was  made 
(12  vols.,  Stuttgart  1882).  After  Chatrian's 
death  Erckmann  wrote  a  few  books  alone,  none 
of  which,  however,  achieved  much  success.  In 
regard  to  their  methods  of  collaboration  it  be- 
came known  that  when  the  two  friends  met  they 
elaborated  the  scheme  of  a  work;  then  Erck- 
mann wrote  it.  Chatrian  corrected  it,  and  some- 
times put  it  in  the  fire.  Sometimes  Erckmann 
would  even  be  required  by  his  friend  to  write 
his  story  over  three  times.  Chatrian  also  acted 
as  business  manager,  made  all  contracts  and 
collected  all  royalties.  Shortly  before  his  death 
a  break  occurred  between  the  two  old  friends 
which  led  to  a  law  suit,  but  was  finally  com- 
promised. (See  L'Ami  Fritz).  Consult  Acker, 
P.,  'Erckmann-Chatrian'  (in  La  Revue  de  Paris, 
Vol.  XIX.  No.  6,  p.  347,  Paris  1912)  ;  Anon.. 
'Erckmann-Chatrian'  (in  The  Bookman ,  Vol. 
XL,  p.  494,  New  York  1915)  ;  Claretie.  J.,  'Erck- 
mann-Chatrian' (in  'Celcbrites  Contcmporaincs,' 
Paris  1883)  ;  Hinzclin,  E.,  'La  Vcrit6  sur  Erck- 
mann-Chatrian' (in  La  Revue,  Scr.  VI,  Vol. 
LXXXIX,  p.  310,  Paris  1911);  Velde.  M.  S. 
van  de,  'French  Fiction  of  To-day'  (2  vols., 
London  1891). 

ERD6LYI,  er'dal-ye,  J&nos,  Hungarian 
poet :  b.  Kapos  1814 ;  d.  1868.  In  1848  he  be- 
came director  of  the  national  theatre  at  Pest 
and  in  the  following  year  was  appointed  to  the 
chair  of  philosophy  at  Sarospatak.  He  published 
a  collection  of  popular  songs  of  Hungary  to- 
gether with  the  principal  legends  entitled 
'Xepdalok  es  mondak'  (3  vols.,  1848).  In  1851 
he  published  a  collection  of  Hungarian  proverbs. 
His  smaller  works  have*  been  issued  in  Ger- 
man under  the  titles  'Bahnen  und  Palmen' 
(1886)  and  'Studicn'  (1890). 

ERDMAN  ACT.  See  Arbitration',  In- 
dustrial. 

ERDMANN,  David,  German  theologian:  b. 
Giistebicse,  Brandenburg,  1821 ;  d.  1905.  He 
received  his  education  at  the  University  of  Ber- 
lin and  in  1850  was  appointed  assistant  preacher 
at  the  cailicdral  there.  Six  years  later  he  was 
appointed  to  the  chair  of  theology  at  Konigsberg. 
In  1864  he  was  made  superintendent-general  of 
Silesia,  and  25  years  later  he  became  superior 
consistorial  counselor.  In  1900  he  retired.  His 
published  works  include  'Lieben  und  Leiden 
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dcr  crsten  Christen'  (1854);  'Die  Reformation 
und  ihre  Martyrer  in  Italicn'  (1855);  'Luther 
und  die  Hohenzollern*  (2d  ed.,  1884);  and  a 
commentary  on  'Samuel'  in  Lange,  'Bibelwerk' 
(1873).  Consult  Ebcrlcin,  'Aus  cincm  reichen 
Lebcn:  Blatter  dcr  Erinncrung  an  David  Erd- 
mann>  (Berlin  1907). 

ERDMANN,  Johann  Eduard,  German  phi- 
losopher: b.  Wolmar,  in  Livonia,  13  June  1805; 
d.  Halle.  12  June  1892.  He  studied  theology 
at  the  universities  of  Dorpat  and  Berlin,  com- 
ing there  under  the  influence  of  Hegel  (q.v.). 
In  1829  he  became  a  clergyman  in  his  native 
town.  In  1832  be  returned  to  Berlin,  became  a 
member  of  the  philosophic  faculty  of  the  uni- 
versity in  1832,  and  in  1836  prof essor  extraordi- 
nary of  philosophy  at  the  University  of  Halle, 
being  appointed  ordinary  professor  in  1839.  He 
was  one  of  its  best-known  and  most  successful 
teachers  and  lecturers.  His  numerous  philosophi- 
cal writings,  characterized  for  the  most  part 
by  their  Hegelian  tendencies,  were  widely  read, 
chiefly  because  he  was  brilliantly  successful  in 
some  of  them  in  his  attempt  to  combine  a 
strictly  scientific  attitude  toward  his  subject 
with  easy  style  and  clear  presentation.  His 
writings  include  'Versuch  einer  Wissenschaft- 
lichcn  Darstcllung  dcr  Gcschichtc  der  Ncuercri 
Philosophic'  (3  vols.,  Leipzig  1834-51)  ;  'Vorlc- 
sungen  iiber  Glauben  und  Wisscn,  etc.'  (Berlin 
1837);  <Leib  und  Seele'  (Halle  1837);  'Natur 
und  Schopfung'  (Leipzig  1840)  ;  'Grundriss  der 
Psychologic*  (Leipzig  1840);  'Grundriss  dcr 
Loaik  und  Mctaphysik'  (Halle  1841);  'Vcr- 
mischte  Aufsatzc'  (Halle  1846);  'Philoso- 
phische  Vorlesungen  iiber  den  Staat'  (Halle 
1851)  ;  'Psychologische  Briefe'  (Leipzig  1851)  ; 
'Vorlesungen  iiber  Akademisches  Lebcn  und 
Studium'  (Leipzig  1858)  ;  'Grundriss  der  Gc- 
schicht*  der  Philosophic'  (2  vols.,  Berlin  1865- 
67).  The  last  has  been  translated  as  'A  History 
of  Philosophy'  (\V.  S.  Hough,  ed.,  3  vols.,  Lon- 
don 1890).  There  is  also  a  translation  of  an- 
other one  of  his  works  by  B.  C.  Burt.  'Outlines 
of  Logic  and  Metaphysics'  (London  1S%). 
Erdmann  also  edited  the  works  of  G.  \V.  von 
Leibniz  (2  vols.,  Berlin  1840).  Some  of  his 
lectures  have  been  collected  under  the  title 
'F.rnstc  Spielc'  (Berlin  1855);  many  others 
have  been  printed  separately  as  pamphlets.  His 
sermons,  given  between  1846-67,  were  collected 
in  two  volumes  (Halle  1850  and  1867),  while 
others  were  published  separately. 

ERDMANN,  Otto  Linn£,  German  chemist : 
b.  Dresden,  11  April  1804;  d.  Leipzig,  9  Oct. 
1869.  He  studied  at  the  universities  of  Dresden 
and  Leipzig,  first  medicine  and  then  chemistry, 
and  was  graduated  from  the  latter  institution 
in  1824.  In  1825  he  began  the  teaching  of 
chemistry  at  his  alma  mater,  a  profession  to 
which  he  devoted  his  entire  life  and  in  which 
he  was  highly  successful,  being  one  of  the  most 
brilliant  lecturers  of  his  day.  In  1827  he  be- 
came an  extraordinary  professor  and  in  1830 
was  given  the  chair  of  technical  chemistry 
which  he  occupied  until  his  death.  He  also 
acted  as  rector  of  the  university  at  various 
times,  notably  so  in  1848-49  when  he  managed 
by  his  great  tact  to  steer  the  university  un- 
harmed through  the  troublous  times  of  the 
German  revolution.  With  the  exception  of 
a  few  years  devoted  to  travel  he  spent  practi- 
cally his  entire  life  in  Leipzig,  taking  a  deep 
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interest  in  art  and  its  public  affairs.  As  early 
as  1835  he  was  elected  a  director  of  the  Leip- 
zig-Dresden Railway,  the  first  important  Ger- 
man railway,  for  the  development  of  which  he 
did  much  and  in  whose  affairs  he  was  actively 
interested  throughout  his  life.  His  chief  claim 
to  fame,  however,  rests  on  his  chemical  re- 
searches which  embraced  a  wide  range  of  sub- 
jects. He  examined  minutely  the  technology  of 
nickel,  and  described  some  of  its  compounds ; 
analyzed  a  number  of  minerals  and  slags,  and 
experimented  on  several  other  points  of  inor- 
ganic chemistry.  In  inorganic  chemistry'  his 
chief  research  is  upon  indigo,  in  the  course  of 
which  he  discovered  isatin.  His  work  in  this 
direction  formed  the  principal  foundation  of 
most  of  the  wonderful  later  discoveries  in  con- 
nection with  indigo.  The  most  important  work 
in  which  he  engaged  was  the  exact  determina- 
tion of  atomic  weights.  In  company  with 
Marchand  (q.v.)  he  made  determinations  of 
oxygen,  carbon,  hydrogen,  sulphur,  calcium, 
copper,  mercury  and  some  others,  and  his  num- 
bers have  been  fully  confirmed  bv  subsequent 
experimenters.  In  1828  he  founded  and  from 
then  on  conducted  the  Journal  fur  Teehnische 
und  Okonnmische  Chetnie,  of  which  18  volumes 
were  published.  In  1833  its  title  was  changed 
to  Journal  fiir  Praktische  Chetnie.  After 
his  death  it  was  continued  by  others  and  is 
still  one  of  the  most  important  scientific  pub- 
lications of  its  kind;  the  name  Erdmann  con- 
tinues to  be  used  in  connection  with  the  pub- 
lication to  this  day.  He  also  published  in  1828 
'Lehrbuch  der  Chernie'  which  has  since  then 
gone  through  a  number  of  editions.  Of  his 
'Grundriss  dcr  Allgcmeinen  Waarenkunde, 
etc.,'  the  15th  revised  edition  was  edited  by 
E.  Rcrncnovsky  (Leipzig  1915).  Of  note  is 
also  'Uber  das  Studium  der  Chemic'  (Leipzig 
1861).  Consult  fierichte  dcr  Deutschen  Chem- 
ise hrn  Gesetlschaft  (Vol.  Ill,  p.  374.  Berlin 
1870)  ;  Journal  of  the  Chemical  Society  of  Lon- 
don (Vol.  XXIII,  p.  306.  London  1870). 

EREBUS,  in  Greek  mythology,  the  son  of 
Chaos  and  Darkness.  He  married  his  sister, 
Night,  and  was  the  father  of  the  Light  and  Day. 
The  Moirs,  or  Fates,  by  some  are  called  his 
daughters.  He  was  transformed  into  a  river, 
and  plunged  into  Tartarus,  because  he  aided 
the  Titans.  From  him  the  name  Erebus  was 
given  to  the  infernal  regions,  particularly  that 
part  of  it  designated  as  the  abode  of  virtuous 
shades,  whence  they  pass  over  immediately  to 
the  Elysian  fields.  Consult  Hesiod,  'Theogony' 
(Schoemann  ed.,  Berlin  I808). 

EREBUS,  Mount,  an  active  volcano  on  the 
cast  coast  of  South  Victoria  Land,  in  lat.  78* 
10*  S.,  rising  over  13.000  feet  above  the  sea.  It 
was  discovered  in  1841  by  Ross,  who  named  it 
after  one  of  his  vessels.  His  progress  further 
south  was  barred  by  a  wall  of  ice.  In  more 
recent  times  its  vicinity  has  served  as  winter 
quarters  to  the  Antarctic  expeditions  of  Capt. 
R.  F.  Scott  (1901-04)  and  of  Sir  E.  H.  Shackle- 
ton  (1907-09)  and  as  a  result  it  has  become 
one  of  the  best-known  and  most  thoroughly 
investigated  regions  of  the  Antarctic.  During 
Shackleton's  expedition  an  ascent  was  made  in 
March  1908.  Consult  Scott.  R.  F.t  'The  Voyage 
of  the  Discovery*  (2  vols.  London  1905)  ; 
Shackleton,  E.  H,  'The  Heart  of  the  Ant- 
arctic'  (2  vols.  London  1909) ;  Zimmermann, 
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in 


M.,  'La  Terre  Antarctiquc  dc  Victoria' 
Annales  de  Geographic,  Vol.  XVIII,  No. 
p  97,  Paris  1909). 

EREC  AND  ENID,  a  metrical  romance 
dealing  with  the  adventures  and  love  of  one 
of  the  knights  of  King  Arthur.  The  author 
is  Chrcstien  dc  Troyes. 

ERECH,  e'rek,  an  ancient  city  of  Baby- 
lonia, on  the  site  of  the  modern  Warka.  It 
was  of  great  extent  and  of  high  commercial 
importance  in  the  Parthian  period.  Recent  ex- 
cavations have  brought  much  to  light  regarding 
its  shrines  and  ruling  dynasties.  It  appears  to 
have  been  the  seat  of  at  least  two  principal 
dynasties.  Marduk  is  said  to  have  been  its 
founder  according  to  Assyrian  and  Babylonian 
records  where  the  city  is  often  mentioned. 
Documents  dating  from  the  period  721-710  b.c. 
have  recently  been  discovered.  The  city  con- 
tained a  famous  temple  of  Nana.  (See 
Babylonia).  Consult  Loftus,  'Travels  and 
Researches  in  Chaldea  and  Susiana,  with  an 
Account  of  the  Excavations  at  Warka*  (Lon- 
don 1857),  and  Meyer,  E.,  'Geschichte  des 
Altcrtums'  (3d  ed.,  Berlin  1913). 

ERECHTHEUM,  c-rek-the'um,  the  temple 
of  Erechtheus  (q.v.)  on  the  north  side  of  the 
Acropolis  (q.v.)  at  Athens.  It  was  built  in 
honor  of  Athena,  Poseidon  and  Zeus.  The 
name  of  Erechtheus  is  associated,  as  a  local 
hero  or  demigod,  with  that  of  Athena.  In  this 
temple  was  preserved  the  oldest  existing  statue 
of  Athena,  which  was  supposed  to  have  fallen 
from  heaven  and  the  sacred  olive-tree  created 
by  Athena  as  a  gift  to  the  city,  of  which  she 
is  worshipped  at  Athena  Polias.  the  protector 
of  the  town  and  state.  The  building  is  one  of 
the  finest  remaining  examples  of  Greek  archi- 
tecture, having  been  rebuilt  after  the  Pelopon- 
nesian  War  in  pure  Ionic  style  after  the  original 
building  had  been  destroyed.  Its  ground  plan 
is  unusual,  resulting  from  the  union  under  one 
roof  of  three  separate  chapels,  or  halls  of  wor- 
ship. The  porch  of  the  caryatides  is  one  of  its 
distinguishing  features.  In  this  porch  the  place 
of  columns  is  taken  by  colossal  figures  of 
women  whose  heads  support  the  capitals  on 
which  the  entablature  rests.  The  Erechtheum 
was  described  in  considerable  detail  by 
Pausanias.  It  is  one  of  the  best  preserved  build- 
ings on  the  Acropolis,  in  spite  of  the  hard  usage 
to  which  it  was  put  by  the  Turks  and  other 
invaders.  In  comparatively  recent  times  it  has 
been  restored  to  some  extent,  not  entirely  with 
pleasing  results.  Consult  Carroll,  M..  ed.,  "The 
Attica  of  Pausanias'  (New  York  1907)  ;  Fer- 
gusson,  J.,  'The  Erechtheum'  (in  Transactions 
of  the  Royal  Institute  of  British  Architects, 
London  1875-76)  ;  Fowler,  H.  X.,  'The 
Erechtheion  at  Athens'  (in  Papers,  Archae- 
ological Institute  of  America,  American  School 
of  Classical  Studies  at  Athens,  Vol.  I,  1882-83, 
p.  213,  Boston  1885)  ;  Frazcr,  J  G.,  trans., 
'Pausanias's  Description  of  Greece'  (6  vols., 
London  1898)  ;  Frickenhaus,  A.,  and  Washburn, 
O.  M,  'The  Building  Inscriptions  of  the 
F.rcchthcum'  (in  American  Journal  of 
Archaoloq\,  Str.  II,  Vol.  X,  p.  1,  Norwood 
1906);  Cafe,  E.,  'The  Erechtheum'  (in  Archi- 
tectural Record.  Vol.  XII,  p.  498,  New  York 
1902)  ;  Gardner,  E.  A.,  '  Ancient  Athens'  (New 
York  1°07);  Inwood.  II  W  ,  'The  Erechtheion 
at  Athens'   (London  1827);  Kolbc,  \V.,  'Die 


Bauurkundc  des  Erechtheion  vom  Jahre  408' 
(in  Kaiserlich-Deutschcs  Arch&ologisches  Insti- 
tut.  Mittheilunqen,  Athenische  Ahtheilunq,  Vol. 
XXVI.  p.  223,  Athens  1901)  ;  Leopold,  J.,  'Cber 
das  Erechtheion'  (Munich  1878) ;  Quaest.  A.  F. 
von,  *Das  Erechtheion  zu  Athen'  (1840); 
Schultz,  A.  W.,  and  Gardner,  E.  A.,  'The  North 
Doorway  of  the  Erechtheum'  (in  Journal  of 
Hellenic  Studies,  Vol.  XII,  p.  1,  London  1891); 
Stevens,  G.  P..  'The  Restoration  of  the 
Erechtheum'  (in  Putnam's  Monthly,  Vol.  I,  p.  66, 
New  York  1906)  ;  Stuart,  J.,  and  Revctt,  N., 
'The  Antiquities  of  Athens'  (London  1837); 
Thiersch,  F.,  'Uber  das  Erechtheum,  etc.'  (in 
Kdniglich-Baverische  Akademie  der  Wissen- 
schaften,  Abhandlungen,  Philosophisch-Phi- 
lologische  Klasse,  Vols.  V-VI.  Munich  1849-52)  ; 
Weller,  C  H.,  'Athens  and  its  Monuments' 
(New  York  1913). 

ERECHTHEUS,  e-rek'thus,  or  ERICH- 
THONIUS,  Attic  hero  or  demigod,  worshipped 
in  the  earliest  period  of  Athenian  history.  He 
was  brought  up  by  Athena,  who  placed  him 
while  yet  a  babe  in  a  chest,  which  was  en- 
trusted to  Agraulo.,  Pandrosos  and  Hersc.  the 
daughters  of  Cecrops,  with  the  strict  charge 
that  it  \  as  not  to  be  opened.  Unable  to 
restrain  their  curiosity,  they  opened  the  chest 
and  discovering  a  child  entwined  with  serpents, 
were  punished  with  frenzy  and  threw  them- 
selves down  the  most  precipitous  part  of  the 
Acropolis.  Afterward  Erechtheus  was  the  chief 
means  of  establishing  the  worship  of  Athena  in 
Attica,  where  he  instituted  the  Panathenaea  in 
her  honor.  He  was  a  god  of  agriculture  and 
had  a  joint  temple  with  Athena  on  the 
Acropolis.  His  connection  with  the  serpent  is 
probably  that  common  to  the  culture  gods. 
Consult  Farnell.  "Cults  of  the  Greek  States' 
(Oxford  1896);  Frazer,  'Pausanias'  (London 
1913).   Sec  Erechtheum. 

EREGLI,  a-ra'gle,  Turkey  (the  ancient 
Heracleia  Pontica),  a  seaport  town  of  the 
Kastamuni  vilayet,  125  miles  east  of  Constan- 
tinople, on  the  Black  Sea.  Coal  is  mined  in 
the  neighborhood  and  shipped  at  this  point, 
about  750,000  tons  being  the  annual  output. 
The  harbor  is  known  as  Zoungundalk.  Pre- 
vious to  the  war  of  1914  French  capitalists 
held  a  controlling  interest  in  the  coal  mines  of 
the  district.    Pop.  6,500. 

EREMACAUSIS,  erc-ma-ka'sis,  slow  com- 
bustion (from  Greek  er?mo,  gently,  and  kausis, 
burning),  a  term  employed  by  Licbig  to  denote 
the  gradual  combination  of  the  constituents  of 
a  combustible  substance  with  the  oxygen  of  the 
air. 

EREMIT  VON  GAUTING,  a're-met  fon 
gow'ting.  See  Hallberg-Bhdich,  Theodor 
M.  H. 

EREMITA,  Johannes.   See  Cassianus. 

EREMITES  (er'e-mlts)  OF  SAINT 
FRANCIS,  and  EREMITES  OF  SAINT 
JEROME,  two  religious  orders  of  the  Roman 
Catholic  Church.  "The  order  of  the  Eremites  of 
Saint  Francis  de  Paula  was  founded  by  Francis, 
a  native  of  Paula,  in  Calabria,  1436,  and  had 
there  its  first  house.  It  received  the  approval  of 
the  Holy  See  1474;  it  is  properly  styled  Order 
of  Minim  Hermits  of  Saint  Francis  dc  Paula 
(Ordo  Minimorum  Ervmitarum  Sancti  Francisci 
dc   Paula)    Their   founder  chose   the  name 
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'Minims»  (minimi,  least,  smallest  to  keep  the 
brethren  ever  in  mind  of  the  Christian  humility 
to  which  they  were  vowed.  The  order  of 
Eremites  of  Saint  Jerome,  styled  also  Hierony- 
mites,  con  Isted  originally  of  hermits,  but  they 
adopted  the  cenobite  rule  of  Saint  Austin  with 
the  approval  of  Gregory  XI,  1373.  This  order 
was  confined  to  the  Spanish  Peninsula. 

ERETRIA,  Greece,  an  ancient  Ionic  trading 
and  colonizing  town  on  the  southwest  coast  of 
Eubcea,  which  was  destroyed  by  the  Persians 
in  490  b.c,  and  rebuilt  by  the  Athenians.  The 
recent  excavations  and  explorations  made  by 
the  American  School  at  Athens  (1890-95)  and 
the  Greek  Archaeological  Society  have  resulted 
in  finding  the  theatre  and  old  temple  and  many 
other  buildings,  together  with  remains  of  pre- 
Persian  times.  Erctria  was  the  home  of  the 
Mcncdeum  philosophy.  Consult  any  good  his- 
tory of  ancient  Greece;  'Papers  of  the 
American  School  at  Athens.' 

ERFURT,  er'foort,  Germany,  (1)  town  in 
the  Prussian  province  of  Saxony,  formerly  the 
capital  of  Thuringia,  and  a  fortress  till  1873, 
situated  on  the  river  Gera,  about  13  miles 
west  of  Weimar.  In  the  15th  and  16th  cen- 
turies Erfurt  was  a  flourishing  commerical  and 
manufacturing  place,  but  its  university  made  it 
one  of  the  most  famous  of  German  cities.  The 
university,  established  in  1378,  was  suppressed 
in  1816.  Its  trade  and  manufactures  have 
rapidly  increased  in  recent  times  along  with 
its  population.  The  most  characteristic  industry 
is  that  of  flower-growing,  plants  and  seed  being 
exported  in  enormous  quantities  to  almost  all 
parts  of  the  world.  The  most  important  edifice 
is  the  cathedral.  The  large  bell  called  Maria 
gloriosa,  made  of  the  finest  bell-metal  and 
weighing  275  hundredweight,  hangs  in  one  of 
the  towers.  The  cell  in  which  Luther  lived 
while  an  Augustinian  monk,  from  1505  to  1512, 
containing  his  Bible,  portrait,  etc.,  was  in  the 
Martinsstift  or  orphan-house  into  which  the  old 
Augustinian  convent  had  been  converted,  but 
was  destroyed  by  fire,  along  with  the  relics  of 
Luther,  in  1872.  According  to  tradition  Erfurt 
was  founded  as  early  as  the  6th  century,  by  a 
certain  Erpes.  It  was  not  a  free  Imperial  city, 
but  always  maintained  a  sort  of  independence. 
Saint  Boniface  established  here  an  episcopal  see. 
In  1483  it  concluded  a  treaty  with  Saxony,  by 
which  it  agreed  to  pay  an  annual  sum  for  pro- 
tection. In  the  17th  century  the  Elector  of 
Mainz  obtained  possession  of  it.  The  Congress 
of  Erfurt  (September-October  1808)  was  at- 
tended bv  Napoleon.  Alexander  of  Russia,  and 
many  German  sovereigns.  In  1813  the  town  was 
taken  by  the  Prussians,  after  a  severe  bom- 
bardment. In  1814  it  was  granted  to  Prussia  by 
the  Congress  of  Vienna.  Pop.  111.463.  (2)  The 
government  of  Erfurt  of  which  it  is  the  capital 
has  an  area  of  1,364  square  miles.  Pop. 
530.775. 

ERG  (Gr.  •'work'),  in  physics,  the  unit  of 
work  in  t  e  centimeter-gram-second  system.  It 
is  the  work  done  in  overcoming  a  force  of  one 
dyne,  through  a  distance  of  one  centimeter.  See 
Units  of  Measurement. 

ERGASTERIA.   See  Laurion. 

ERGOGRAPH,  The,  a  machine  for  testing 
a  child's  capacity  for  study  and  which  shows  the 
degree  of  fatigue  that  is  experienced  by  pupils. 


Its  operation  is  based  on  the  fac.  that  the 
fatigue  of  a  set  of  muscles,  if  accurately  meas- 
ured, will  show  the  extent  of  the  general 
weariness.  The  physical  deterioration  of  many 
school  children  has  been  a  source  of  anxiety  to 
both  physicians  and  instructors;  if  by  means  of 
this  instrument  the  exact  power  oi  endurance 
of  each  pupil  can  be  demonstrated,  the  course 
of  study  can  be  so  arranged  as  to  suit  different 
temperaments  and  so  lessen  the  mental  strain. 
Also  a  machine  for  registering  the  exact  effort 
made  in  any  feat  of  strength,  testing  the  com- 
parative and  relative  strength  of  various  sets 
of  muscles. 

ERGOT,  er'got.  according  to  the  United 
States  Pharmacopoeia,  "is  the  sclerotium  of  the 
fungus  Claviccps  purpurea  replacing  the  seed  of 
the  rye.*  Thus  the  Pharmacopoeia  calls  for  a 
certain  definite  kind  of  ergot  for  medicinal  use ; 
but  there  arc  a  number  of  allied  species  of  para- 
sitic fungi  that  infest  not  only  the  rye,  but  a 
number  of  other  grasses ;  other  species  of  the 
same  genus  (Clai-iceps),  and  other  genera. 
Both  the  botanical  and  physiological  relation- 
ships of  these  forms  are  close.  The  ordinary 
ergot  of  commerce  consists  of  purplish  grain- 
like  masses,  one-half  to  three-quarters  of  an 
inch  long  and  one-eighth  to  one-quarter  of  an 
inch  wide,  and  somewhat  resembling  large  grains 
of  rye.  Microscopically  the  ergot  is  made  up 
of  the  closely  matted  mycelium  of  the  fungus, 
which  has  entirely  replaced  the  cells  of  the 
seed. 

The  fungus  is  propagated  by  means  of  mi- 
nute spores.  These  are  blown  about  by  the 
wind,  or  carried  about  by  insects  and  lodge 
upon  rye  or  other  grasses.  They  there  ger- 
minate and  form  a  more  or  less  viscid  yellowish 
mass  filled  with  spores  of  another  type,  the 
conidia.  These  in  turn  may  be  carried  by  in- 
sects to  other  grasses.  As  the  fungus  grows 
and,  little  by  little,  replaces  the  tissue  in  the 
grain,  there  results  a  brownish  to  blackish 
mass  which  in  different  species  assumes  differ- 
ent shapes.  These  arc  collected  with  the  differ- 
ent grasses  and  may  be  the  cause  of  various 
types  of  poisoning  in  cattle.  The  fungus  grow- 
ing on  rye  constitutes  the  ergot  of  commerce, 
which  has  been  used  in  medicine  for  many 
years.  The  principal  sources  of  ergot  at  the 
present  time  are  Spain  and  Russia. 

Chemically  considered,  ergot  is  an  extremely 
complex  body  and  it  cannot  be  said  that  even 
at  the  present  time  a  full  knowledge  of  its  com- 
position has  been  gained.  It  contains  large 
quantities  of  an  inert  fixed  oil,  a  resin  and 
one  or  two  active  principles  which,  from  the 
earliest  chemical  investigation  to  the  present, 
have  been  called  by  no  less  than  50  or  60  differ- 
ent names,  among  these  being  ergotine,  ecboline, 
ergotin,  cornutinc,  sphacelic  acid,  ergotic  acid, 
etc.  The  unsatisfactory  condition  of  organic 
drug  analysis  accounts  for  these  varying  re- 
sults and  confusions.  The  investigations  of 
Kobert  (1890)  and  his  students  are  the  first 
of  real  merit,  and  Kobert  isolated  a  body  cor- 
nutine  to  which  he  ascribed  the  chief  activity 
of  ergot.  More  recently,  however,  Jacobi.  a 
student  of  Schmiedebcrg.  has  isolated  two 
bodies,  sphacclotoxin  and  chrystoxin  which  are, 
he  claims,  the  active  principles. 

Taken  internally,  ergot  has  the  singular 
power  of  stimulating  an  involuntary  muscle, 
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causing  it  to  contract.  In  this  manner  it  pro- 
duces a  number  of  reactions  on  those  organs 
which  are  rich  in  this  type  of  muscular  hbre. 
Acting  on  the  heart  and  blood  vessels,  it  con- 
tracts the  cardiac  muscle  and  the  arterial  walls, 
causing  an  increase  in  the  force  of  the  heart's 
contraction  and  a  marked  rise  in  the  blood- 
pressure.  It  also  stimulates  the  unstriped  mus- 
cular tissue  of  the  stomach  and  intestines,  oc- 
casionally causing  purging  with  violent  peristal- 
sis. The  organ  in  the  body  containing  the 
greatest  amount  of  unstriped  muscular  tissue  is 
the  uterus  and  naturally  the  action  of  ergot 
would  be  most  forcibly  manifested  in  this  organ. 
It  here  causes  contractions,  the  uterus  becoming 
hard  and  pale  and  forces  the  blood  out  of  the 
uterine  blood  vessels.  During  pregnancy  the 
action  is  much  more  pronounced,  since  the 
uterus  is  so  much  more  dilated.  Ergot  has 
many  applications  in  medicine,  but  its  chief 
uses  arc  to  control  blood-pressure  and  to  treat 
uterine  disorders.  Ergot  is  usually  given  as  a 
fluid  extract  of  ergotin,  prepared  in  several 
ways,  as  wine  of  ergot,  etc. 

ERGOTISM.  In  the  article  on  ergot  it  has 
been  shown  that  there  are  a  great  many  closely 
related  parasitic  fungi,  growing  on  different 
varieties  of  grasses.  A  number  of  these  in- 
fected grasses  belonging  to  the  ergot  family 
produce,  when  eaten  by  cattle,  forms  of  acute 
and  chronic  poisoning.  These  are  character- 
ized by  changes,  particularly  in  the  blood  ves- 
sels, causing  swellings  below  the  knees  or  ankles, 
with  gangrene  of  the  skin  and  at  times  symp- 
toms of  paralysis  of  the  extremities.  In  years 
in  which  unusual  humid  conditions  have  per- 
mitted the  wide  and  abundant  growth  of  these 
parasitic  fungi,  large  areas  of  pasture  land  have 
become  infected,  resulting  in  widespread  poison- 
ing of  cattle,  almost  resembling  epidemics. 

In  Europe,  where  the  eating  of  rye  bread  is 
much  more  common  than  in  this  country,  par- 
ticularly in  Russia  and  Italy,  cases  of  chronic 
poisoning  by  ergot  occur  in  man  from  eating 
the  bread  made  from  infected  grain.  The  chief 
symptoms  here  arc  those  referable  to  changes 
in  the  blood  vessels  of  different  parts  of  the 
body,  with  secondary  consequences.  Thus,  in 
some,  there  is  a  loss  of  touch-sensation  in  the 
hands  and  feet,  a  condition  which  may  go  on  to 
the  formation  of  ulcers  and  gangrene.  This 
is  the  result  of  the  cutting  off  of  the  blood  sup- 
ply to  the  periphery  of  the  body  by  the  con- 
tracting influence  of  the  poison  on  the  walls  of 
the  blood  vessels.  In  some  cases  disease  of  the 
spinal  cord  results.  This  is  thought  to  be  due  to 
the  artificially  induced  anaemia  with  secondary 
degenerations  in  the  columns  of  the  cord.  This 
disease,  called  pellagra,  closely  resembles  a  toxic 
neuritis  or  locomotor  ataxia.  Treatment  con- 
sists usually  in  a  change  of  food,  local  anti- 
septics, tannin  used  internally  to  neutralize  the 
alkaloids  of  the  ergot  and  castor  oil.  Hot 
water  is  often  applied  locally  to  dilate  the  blood 
vessels  and  chloral  hydrate  has  been  found 
serviceable  when  taken  internally.  See  Ergot; 
Pki.lagra. 

ERIC,  e'rik  or  a'rik,  the  name  of  several 
Danish  and  Swedish  kings.  Eric  VII.  king  of 
Denmark:  b.  1382;  d.  Riigcnwald  1459;  the 
son  of  Duke  Wratislaw  of  Pomerania,  he  was 
selected  as  her  successor  by  Queen  Margaret 
of  Denmark,  and  in  1412  mounted  the  throne  of 


Denmark,  Norway  and  Sweden,  united  by  the 
Treaty  of  Calmar.  Cruel  and  cowardly  in  char- 
acter, he  lost  Sweden  in  1437  through  a  revolt 
of  the  peasants  of  Dalecarlia,  and  in  1439  was 
deposed  also  in  Denmark.  Eric  VIII,  "The 
Saint,"  became  king  of  Sweden  in  1155,  did 
much  to  extend  Christianity  in  his  dominions 
and  to  improve  the  laws,  and  fell  in  battle  with 
the  Danes  in  1160.  Eric  XIV,  the  last  of  the 
name  who  reigned  in  Sweden,  succeeded  in  1560 
to  the  throne  of  his  father,  the  great  Gustavus 
Vasa,  and  at  once  began  to  exhibit  the  folly  that 
disgraced  his  reign.  He  married  a  Swedish 
peasant  girl,  who  acquired  an  influence  over  him 
which  was  ascribed  by  the  superstitious  to 
witchcraft;  she  alone  was  able  to  control  him 
in  the  violent  paraxysms  of  blind  fury  to  which 
he  was  subject.  His  capricious  cruelties  and 
the  disastrous  wars  that  followed  on  his  follies 
at  length  alienated  his  subjects,  who  threw  off 
their  allegiance  in  1568  and  elected  his  brother 
John  to  the  throne.  In  1577  he  ended  his  mis- 
erable life  half  voluntarily  by  a  cup  of  poison 
He  had  a  genuine  love  of  letters,  and  solaced 
his  captivity  with  music  and  the  composition 
of  psalms.  His  story  has  been  worked  into  dra- 
matic form  by  Swedish  poets ;  in  German  bv 
Kruse  in  his  tragedy,  <King  Erich'  (1871). 

ERIC  THE  RED,  the  colonizer  of  Green- 
land: b.  Norway  about  950.  After  committing 
homicide  he  fled  to  Iceland  and  in  984,  again 
seeking  asylum  as  a  murderer,  he  reached  Green- 
land (which  from  the  11th  century  belonged  to 
Norway).  Here  he  built  a  chief  town,  called 
Gardart  which  he  settled  with  Norwegians.  His 
son,  Lcif  Ericson  (q.v.),  introduced  Christianity, 
but  after  flourishing  for  about  four  centuries 
the  colony  was  wiped  out.  probably  by  some  such 
plague  as  black  death,  although  recent  authori- 
ties attribute  its  disappearance  to  famine.  Con- 
sult Nanscn's,  <In  Northern  Mists:  Arctic  Ex- 
plorers in  Early  Times'  (New  York  1911). 

ERICACE-ffi,  er-i-ka'sc-e,  the  heaths,  a 
family  of  dicotyledonous,  sympetalous  shrubs  or 
under-shrubs  with  small  leaves,  evergreen  in 
some  of  the  genera,  rigid  whorled  or  opposite 
and  without  stipules.  The  flowers  are  arranged 
in  various  styles  of  inflorescence,  and  are  gen- 
erally very  beautiful,  the  heath  probably  ex- 
celling all  other  families  in  the  universal  beauty 
of  its  blossoms.  Different  writers  number  the 
genera  from  40  to  70,  and  the  species  from  1,000 
to  upward  of  1,300.  They  are  of  very  wide  dis- 
tribution. In  North  American  flora,  at  least  20 
genera  are  represented,  among  them  such  plants 
as  the  azaleas,  rhododendrons,  kalmias,  trailing 
arbutus  and  the  heaths,  and  they  are  specially- 
abundant  in  western  Europe.  They  love  the 
temperate  and  cold  countries,  and  wherever  they 
are  found  in  the  tropics  they  are  generally 
confined  to  the  mountainous,  upland  regions 
where  the  climate  resembles  that  of  the  temper- 
ate zones. 

ERICHSEN.  StE  John  Eric,  English  sur- 
geon: b.  Copenhagen.  Denmark,  19  July  1818; 
d.  Folkestone,  England,  23  Sept.  1896.  He  be- 
came a  member  of  the  Royal  College  of  Sur- 
geons in  1839  and  in  1850  professor  of  surgery 
at  University  College.  In  1866  he  succeeded 
Quain  as  professor  of  clinical  surgery  in  the 
same  college,  a  post  which  he  held  till  his  retire- 
ment in  1875.  He  was  appointed  president  of 
University  College  in  1887,  and  held  that  post 
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till  his  death ;  in  1880  was  president  of  the  Royal 
College  of  Surgeons,  and  was  created  a  baronet 
in  1895.  His  most  important  work  was  his 
'Science  and  Art  of  Surgery*  (1853),  a  stand- 
ard publication  which  has  gone  through  many 
editions,  and  has  been  translated  into  several 
languages  and  a  pirated  copy  of  which  was  pre- 
sented to  every  medical  officer  in  the  Federal 
army  during  the  American  Civil  War.  He 
also  published  a  volume  on  ' Concussion  of  the 
Spine'  (1875). 

ERICHT,  er'im,  Loch,  a  lake  in  the  Gram- 
pian Mountains,  in  Scotland,  on  the  boundary 
between  the  counties  of  Perth  and  Inverness; 
it  is  60  miles  northwest  of  Perth.  It  is  14^ 
miles  long,  from  one-quarter  to  one  and  one- 
eighth  miles  wide,  with  a  maximum  depth  of 
512  feet,  and  1,153  feet  above  sea-level  (the 
loftiest  of  large  size  in  Great  Britain).  It  has 
two  outlets,  one  flows  into  Loch  Lydoch  and 
one  into  Loch  Rannoch.  A  cave  at  the  south 
end  near  the  mouth  of  the  Alder,  afforded  re- 
fuge to  Prince  Charlie  after  the  battle  of 
Culloden. 

ERICHTHONIUS,  in  Greek  mythology, 
the  son  of  Dardanus  and  Batea,  and  grandson 
of  Zeus.  He  obtained  the  kingdom  of  Troy  by 
the  death  of  his  brother  Ilus  without  children. 
He  married  Astyoche,  the  daughter  of  Simos, 
by  whom  (or  according  to  some  by  Callirrhoe, 
the  daughter  of  Scamander)  he  became  the 
father  of  Tros.  The  myth  or  tradition  of  Erich- 
thonius  is  sometimes  blent  or  confused  with 
that  of  Erectheus. 

ERICSON,  Leif,  Hf  er'ik-son,  Icelandic  dis- 
coverer. According  to  Sagas  he  was  the  son 
of  Eric  the  Red  (q.v.)  and  at  the  beginning  of 
the  11th  century  discovered  a  transatlantic  coun- 
try, which  he  called  Vinland,  from  the  vines 
which  abounded  there.  Here  an  Icelandic  set- 
tlement was  established,  but  whether  the  coast 
was  Labrador,  Newfoundland  or  some  region 
farther  south  has  not  been  decided.  A  much 
idealized  statue  of  Leif  Ericson  adorns  Com- 
monwealth Avenue,  Boston,  the  work  of  Miss 
Anne  Whitney,  the  sculptor.  Consult  "The  Eng- 
lish Rediscovery  and  Colonization  of  America' 
(London  1891). 

ERICSSON,  John,  American  engineer  and 
inventor:  b.  Wcrmland,  Sweden,  31  July  1803; 
d.  New  York,  8  March  1889.  He  entered  the 
Swedish  army  in  1820,  but  resigned  in  1826  and 
soon  became  known  as  an  inventor.  In  1828 
he  made  the  first  application  to  navigation  of 
the  principle  of  condensing  steam  and  returning 
the  water  to  the  boiler;  later  he  brought  out  a 
self-acting  gunlock  by  means  of  which  naval 
cannon  could  be  automatically  discharged  at 
any  elevation  without  regard  to  the  rolling  of 
the  ship.  In  1833  he  designed  a  caloric  engine; 
and  in  1836  invented  the  screw  propellor.  He 
was  unable  to  prove  the  priority  of  this  in- 
vention, however,  and  received  but  one-fifth 
of  the  $100,000  which  the  British  Admiralty  paid 
for  it.  In  1839  he  supplied  engines  and  screw 
tc  the  first  steam  vessel  that  crossed  the 
Atlantic.  The  British  Admiralty  did  not  be- 
come interested  in  his  inventions,  and  he  came 
to  the  United  States  in  1839  and  two  years 
later  built  the  screw-propelling  warship  Prince- 
ton for  the  government,  the  first  ship  to  have 
her  engines  and  boilers  below  waterline.  This 
was  the  pioneer  of  modern  naval  construction. 


and  the  foundation  of  the  steam  marine  of 
the  world.  The  achievement,  however,  which 
made  him  most  famous  in  the  United  States  was 
the  construction  in  1861  of  the  ironclad  Monitor, 
which  was  built  under  a  patent  granted  by  the 
United  States  government  to  Theodore  Rugglcs 
Timby  (q.v.),  the  inventor  of  the  revolving  tur- 
ret, etc;  it  was  launched  100  days  after  its  keel 
was  laid,  and  arrived  in  Hampton  Roads  just 
in  time  to  defeat,  on  9  March  1862,  the  Confed- 
erate ironclad  Merrimac,  which  had  destroyed 
several  wooden  warships.  A  fleet  of  monitors 
was  soon  built  and  did  important  service 
during  the  remainder  of  the  war.  In  his 
later  life  Ericsson  became  interested  in  tor- 
pedoes and  in  the  development  of  an  engine 
to  be  worked  by  solar  heat.  His  remains  were 
taken  to  Sweden  on  the  cruiser  Baltimore,  and 
interred  with  imposing  ceremonies.  The  centen- 
ary of  his  birth,  31  July  1903,  was  observed  in 
New  York  by  the  unveiling  of  a  bronze  statue 
of  the  inventor  in  Battery  Park  and  in  Worces- 
ter, Mass.  A  magnificent  memorial  was  erected 
also  by  his  countrymen  in  Stockholm.  Con- 
sult his  'Life'  by  William  Conant  Church  (New 
York  1890). 

ERICSSON,  Nils,  Swedish  engineer:  b. 
Stockholm,  31  Jan.  1802;  d.  there,  8  Sept.  1870. 
He  was  a  brother  of  John  Ericsson  (q.v.).  He 
received  the  appointment  as  colonel  of  the  Naval 
Engineering  Corps  1850,  becoming  director  of 
government  railroad  construction  1858.  Among 
his  engineering  achievements  were  the  construc- 
tion of  the  Stockholm  docks,  the  canal  between 
Lake  Saima  and  the  Gulf  of  Finland  and  the 
Trollhattan  Canal  sluices. 

ERIDANUS,  e-rid'a-nus,  a  river  famous  in 
mythology^  mentioned  in  the  return  of  the  Arpo- 
nauts.  It  is  located  in  northern  Europe  and  by 
some  said  to  mean  the  Rhone,  by  others  the 
Rhine,  but  generally  thought  to  refer  to  the 
Po,  in  Italy.  When  Phsethon  was  struck  by  the 
thunderbolts  of  Zeus  he  fell  into  this  river  — 
and  his  three  sisters,  the  Hcliades,  lamented 
him  until  they  were  changed  into  poplars.  They 
did  not  cease  to  weep  for  him  even  in  this  con- 
dition;  and  their  tears  falling  into  the  water 
of  the  river  became  transparent  amber.  The 
ancient  southern  constellation  of  the  "River," 
situated  south  of  Taurus,  was  also  called 
"Eridanus.* 

ERIE  (Ind.,  wild  cat),  an  American  Indian 
tribe  which  formerly  held  the  east  and  southeast 
shores  of  the  lake  ktiown  by  their  name,  and 
now  included  in  the  States  of  New  York,  Penn- 
sylvania and  Ohio.  They  were  of  Iroquoian 
stock,  but  in  1656  were  nearly  annihilated  by 
their  fierce  kinsmen.  The  survivors  were  there- 
after incorporated  with  the  Scnecas. 

ERIE,  Kan.,  city,  county-seat  of  Neosho 
County,  120  miles  east  by  south  of  Wichita, 
on  the  Atchison,  Topcka  and  Santa  Fc  and  the 
Missouri,  Kansas  and  Texas  railroads.  It  is 
surrounded  by  a  good  farming  count  ry ;  and  con- 
tains a  large  oil  refinery,  an  ice  factory,  a  min- 
eral-water plant,  flour-mills,  grain  elevators  and 
lumber  yards.  There  are  oil  and  natural  gas 
fields  nearby.  The  water  works  and  electric- 
light  plant  are  owned  by  the  city.    Pop.  1,300. 

ERIE,  Pa.,  city,  port  of  entry,  county-scat 
of  Erie  County,  on  Lake  Erie,  and  on  the 
Lake  Shore,  the  Pennsylvania,  the  Erie  and 
several  other  railroads  85  miles  southwest  of 
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Buffalo,  100  miles  northeast  of  Cleveland.  Erie 
is  on  a  bluff  having  a  good  view  of  the  lake,  is 
laid  out  with  broad  streets  at  right  angles  with 
one  another,  and  has  several  large  and  attractive 
parks.  It  is  lighted  with  electricity,  and  has  a 
bountiful  supply  of  water  from  the  lake.  The 
peculiarly  advantageous  location  of  Erie  has 
given  it  high  rank  as  a  shipping  and  manufac- 
turing point.  It  has  the  largest  land-locked 
harbor  on  Lake  Erie.  The  harbor  has  been 
greatly  improved,  and  is  now  five  miles  long  by 
one  mile  wide,  depth  9  to  25  feet.  Presque 
Isle,  lying  directly  in  front  of  the  city,  furnishes 
ample  protection ;  three  lighthouses  stand  at  the 
entrance  to  the  harbor,  and  substantial  wharves, 
where  merchandise  is  transferred  directly  from 
vessels  to  cars,  extend  along  the  entire  front. 
The  principal  industries  are  manufactures  of 
iron,  steam  engines,  machinery,  car-wheels,  car- 
work  and  stoves;  flour  and  grist  mill  products, 
brick,  leather,  organ,  pump,  furniture  and  vari- 
ous kinds  of  woodwork  factories,  petroleum  re- 
fineries, breweries  and  malthouscs.  All  told, 
there  are  464  manufacturing  plants,  representing 
in  the  aggregate  over  $40,000,000  capital,  employ- 
ing over  16,000  people  who  receive  upwards  of 
$6,500,000  annually  in  wages,  and  producing  an 
annual  output  valued  at  $30,000,000;  the  value 
added  by  manufacture  being  about  $13,000,000. 
The  leading  articles  of  shipment  are  lumber, 
bituminous  and  semi-bituminous  coal,  iron  ore, 
petroleum  and  manufacturing  products  and 
these  are  conveyed  by  railroads,  steamboats  and 
sailing  vessels  that  ply  regularly  between  Erie 
and  other  ports  on  the  Great  Lakes.  Over  1,400 
vessels  enter  and  clear  annually.  Erie  ships 
more  than  1,500,000  tons  of  coal  and  receives 
over  1,000,000  tons  of  ore  every  year.  Among 
the  notable  buildings  arc  the  city  hall,  union 
depot,  government  building  (including  post- 
ofhee,  custom-house  and  other  departments), 
State  Soldiers'  and  Sailors'  Home  on  Garrison 
Hill,  Hamot  Hospital,  Saint  Vincent  Hospital, 
Protestant  Home  for  the  Friendless,  United 
States  Marine  Hospital  and  Academy  High 
School.  Near  the  city  is  a  memorial  in  the 
form  of  a  blockhouse,  erected  by  the  State,  in 
honor  of  Anthony  Wayne.  The  city  is  said  to 
ship  more  freshwater  fish  than  any  other  port 
in  the  world,  and  to  be  the  leading  city  in  the 
United  States  in  the  output  of  engines  and 
boilers,  has  excellent  public  and  private  schools, 
a  public  library,  daily  and  weekly  newspapers, 
three  national  and  several  savings  banks.  Six 
banking  institutions  have  a  total  capital  and 
surplus  of  $3,700,000  and  deposits  aggregating 
over  $16,400,000.  Erie  occupies  the  site  of  the 
old  French  fort,  Prcsque  Isle,  built  in  1749;  was 
laid  out  as  a  town  in  17°5;  had  a  portion  incor- 
porated as  a  borough  in  1805;  and  the  whole 
was  given  a  city  charter  in  1851.  It  was  the 
headquarters  of  Commodore  Perry  in  the  War 
of  1812;  the  fleet  with  which  he  defeated  the 
British  in  the  battle  of  Put-in-Bay  (10  Sept. 
1813)  was  built  and  equipped  here.  Natural  gas 
was  discovered  in  1889.  Pop.  (1910  )  66,525; 
(1917)  80,000. 

ERIE,  Fort.   Sec  Fort  Erie. 

ERIE,  Lake,  the  most  southern  of  the  Great 
Lakes  of  North  America;  situated  between  lat. 
4r  30-  and  42s  52'  N,  and  long.  78°  53'  and 
83°  25/  W.  It  lies  between  lakes  Huron  and 
Ontario  and  is  bordered  on  the  north  by  Can- 


ada, on  the  east  and  south  by  New  York,  Penn- 
sylvania and  Ohio,  on  the  west  by  Ohio  and 
Michigan.  Its  greatest  extent  is  northeast  and 
southwest ;  it  is  about  245  miles  long,  50  miles 
wide  (from  28  to  58)  and  has  an  area  of  about 
9,600  square  miles;  is  573  feet  above  sea-lcveL 
8  feet  below  Lake  Huron ;  has  a  maximum  of 
210  feet  and  an  average  depth  of  100  feet.  It 
receives,  through  the  strait,  Detroit  River,  the 
waters  from  all  the  other  Great  Lakes  except 
Ontario;  and  the  chief  streams  exclusive  of 
the  waters  from  the  Great  Lakes  which  flow 
into  it  arc  the  Grand  from  the  north,  the 
Maumce  from  the  west,  Sandusky,  Huron  and 
Cuyahoga  from  the  south.  Its  outlet  is  Niagara 
River,  which  flows  into  Lake  Ontario  at  an 
elevation  326  feet  lower  than  that  of  Lake 
Eric.  Some  of  the  indentations  arc  the  bays 
of  Sandusky  and  Maumee,  on  the  south  coast, 
and  Long  Point  Bay  on  the  north.  In  the  west- 
ern part  is  a  group  of  islands,  some  of  which 
are  Point  Pelee,  Kelly's,  North,  Middle  and 
South  Bass.  Lake  Eric  is  the  shallowest  of  all 
the  Great  Lakes  and  dangers  to  navigation  are 
increased  by  the  heavy  ground-swell.  The  de- 
struction of  lakes  is  largely  due  to  filling  from 
deposits  brought  by  inlets  or  tributaries;  every 
particle  of  sediment  brought  into  a  lake  tends 
toward  its  destruction.  Another  danger  is  in 
changes  in  outlets.  Where  the  Niagara  River 
emerges  from  Lake  Eric  there  has  been  but 
little  change  for  centuries.  It  flows  through  a 
plain,  and  the  channel  is  to-day  apparently 
what  it  was  hundreds  of  years  ago;  but 
"Niagara  is  wearing  back  its  falls  toward  Lake 
Eric ;  and  in  given  time,  as  a  result  of  this  work, 
it  will  so  lower  the  outlet  as  to  completely  drain 
Lake  Eric."  The  importance  of  Lake  Eric  for 
commercial  purpose  has  been  greatly  enhanced 
by  its  canal  connections  which  are  important 
links  in  the  waterway  from  East  to  West.  The 
Wclland  Canal  around  Niagara  Falls  removes 
obstacles  to  direct  navigation  from  the  Atlantic; 
the  Erie  Canal  connects  the  lake  by  a  short 
route  with  the  Hudson  River;  canals  crossing 
Ohio  connect  the  lake  with  the  Ohio  River. 
There  are  many  excellent  harbors,  not  all  of 
them  in  use  by  the  large  steamship  lines.  Some 
of  the  principal  ports  are  Buffalo,  Erie,  Cleve- 
land, Sandusky  and  Toledo.  At  Put-in-Bay 
near  Sandusky  on  10  Sept.  1813  took  place  the 
Battle  of  Lake  Eric  (q.v.).  The  Americans 
were  successful  and  the  result  was  most  im- 
portant to  the  United  States;  it  had  much  to 
do  with  the  regaining  of  the  territory  of  Michi- 
gan, which  at  the  time  was  in  possession  of  the 
British.  Consult  Russell,  'Lakes  of  North 
America';  Smithsonian  Annual  Report, 
'Modification  of  Great  Lakes  by  Earth  Move- 
ment»  (1898).   See  Great  Lakes. 

ERIE,  Lake,  Battle  of,  10  Sept.  1813:  a 
naval  battle  which  annihilated  the  British  fleet 
on  that  lake  and  gave  the  Americans  their 
northwest  at  the  Treaty  of  Ghent.  In  1813  it 
had  become  evident  that  the  reconquest  of  the 
northwest  from  the  British,  who  had  captured 
Detroit  and  were  building  a  fleet  at  Maiden, 
nearby,  to  control  the  lake,  depended  on  wrest- 
ing the  control  from  them;  and  Oliver  Hazard 
Perry  spent  from  27  March  till  September  build- 
ing a  rival  fleet  at  Presque  Isle,  now  Erie.  Pa. 
It  had  nine  vessels :  the  Lawrence,  flagship,  20 
guns;  the  Xiagara,  Capt.  J.  D.  Elliott,  20  guns; 
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the  Caledonia,  three-gun  brig;  five  two-gun 
schooners  and  a  onc-gun  sloop;  in  all  54  guns 
with  714  pounds  metal  at  a  broadside.  The 
British  had  six  vessels  averaging  much  heavier, 
with  63  guns  averaging  much  lighter  —  about 
430  pounds  to  a  broadside-  but  most  of  them 
were  far  longer  range  than  the  American, 
whose  policy  therefore  was  close  action.  The 
crews  were  about  equal,  some  500  each.  The 
British  commandant  was  Capt.  Robert  H.  Bar- 
clay, a  veteran  of  Nelson's;  two  of  the  cap- 
tains were  veterans  also.  The  fleets  engaged  off 
the  islands  north  of  Sandusky  Bay,  near  noon 
of  10  September.  Perry  in  the  Lawrence,  with 
two  gunboats,  came  to  close  quarters  shortly 
after,  and  if  the  whole  fleet  had  followed,  the 
British  would  soon  have  been  overwhelmed; 
but  for  some  reason  (hotly  disputed  and  a  sore 
point  for  many  years)  the  other  vessels  kept  off 
and  played  away  at  long  range,  while  for  two 
hours  the  British  vessels  concentrated  their  fire 
on  the  Lawrence.  Such  carnage  was  scarcely 
ever  known  on  the  ocean;  of  103  officers  and 
men,  but  20  were  unhurt ;  the  vessel  was  literally 
shot  to  pieces,  and  the  very  wounded  were 
killed  on  the  surgeon's  board  by  the  crashing 
balls.  Seeing  that  no  more  could  be  done  with 
it,  Perry  turned  over  the  command  to  a  lieu- 
tenant, transferred  himself  in  a  small  boat  to 
the  Niagara,  now  tardily  drawn  nearer,  brought 
that  and  the  rest  into  close  action,  and  in  15 
minutes  (about  3  p.m.)  forced  the  entire  British 
fleet  to  surrender.  The  latter  was  in  a  dreadful 
condition,  too ;  the  English  had  fought  with 
heroism  and  skill,  but  a  third  of  its  force  was 
disabled  or  dead.  The  losses  were:  Americans, 
27  killed  and  96  wounded;  British,  41  killed 
and  94  wounded.  The  battle  raised  Perry  to 
the  summit  of  naval  fame,  justly,  for  no  victory 
was  ever  more  due  to  the  genius  and  energy 
of  one  man,  and  few  naval  battles  have  had 
such  momentous  results.  The  remains  of  the 
slain  officers  were  buried  at  Put-in-Bay  Island 
in  1858.  Maclay's  'History  of  the  Navy'  (Vol. 
II,  1894);  Spears'  'History  of  Our  Navy' 
(1899)  ;  Roosevelt's  'History  of  the  Naval  War 
of  1812'  (1882);  Adams,  Henry,  'History  of 
the  United  States'  (Vol.  VII,  1891). 

ERIE  CANAL.   See  Canals. 

ERIE  RAILROAD.  Chartered  24  April 
1832,  by  the  New  York  State  legislature  to 
construct  a  railroad  from  Lake  Erie  to  the 
Hudson  River,  the  New  York  and  Lake  Erie 
Railway  Company  was  organized  with  a  capital 
of  $3,000,000,  the  credit  of  the  State  beinK  ex- 
tended to  a  like  amount.  The  charter  provided 
that  the  road  should  make  no  connection  with 
any  railroad  in  New  Jersey  or  Pennsylvania 
without  special  legislative  consent  and  also  pro- 
vided that  it  should  run  through  the  southern 
tier  counties  of  New  York  This  plan  was  in 
accordance  with  the  idea  advanced  by  W.  C. 
Rcdfield  in  1830  when  he  proposed  a  railroad 
from  the  Atlantic  to  the  Mississippi  River.  His 
plan  was  that  it  should  be  a  great  national  road 
to  follow  the  so-called  "Appian  Way"  advocated 
by  Generals  Clinton  and  Sullivan  in  1780  to 
further  the  development  of  what  then  consti- 
tuted the  United  States. 

In  1841,  the  railroad  was  opened  from  Pier- 
mount,  at  the  extreme  southern  point  of  New 
York  State  on  the  Hudson  River,  inland  to 
Goshen,  Orange  County,  a  distance  of  46  miles. 


Opposed  as  it  was  by  the  canal  counties  and 
their  representatives  in  both  the  State  and  na- 
tional legislatures,  the  Eric  had  to  fight  for  its 
existence  from  its  birth  through  a  scries  of 
legislative  obstructions  and  financial  manipula- 
tions that  developed  even  in  its  early  days.  Be- 
fore its  completion  to  Dunkirk,  which  was  the 
objective  point  on  Lake  Erie,  and  as  a  conse- 
quence of  these  obstacles  to  progress,  the  road 
had  to  be  placed  in  the  hands  of  a  receiver.  In 
1845,  the  State  released  its  claim  for  the  money 
advanced  for  construction  and  through  the  ener- 
getic efforts  of  the  Erie's  friends,  it  was  finally 
opened  by  President  Fillmore,  Daniel  Webster, 
his  Secretary  of  State,  and  other  government 
and  State  officials,  from  Piermont  to  Dunkirk, 
on  22  April  1851,  a  distance  of  463  miles. 
From  Piermont,  passengers  were  conveyed 
to  New  York  by  steamer.  This  operated 
so  much  to  the  disadvantage  of  the  road  that 
its  charter  was  amended  in  1852  permitting  it 
to  pass  through  New  Jersey  to  its  present  termi- 
nal in  Jersey  City,  and  Piermont  was  abandoned 
as  a  terminal  in  May  1861.  Previous  to  that 
abandonment,  the  road  was  again  —  in  1859  — 
in  the  hands  of  a  receiver  and  was  sold  to  the 
Erie  Railway  Company  in  1861.  This  new  com- 
pany also  bought  the  Buffalo  and  New  York 
City  Railroad  and  so  secured  independent  en- 
trance into  Buffalo,  which  was  made  its  prin- 
cipal lake  terminal  in  place  of  Dunkirk.  It  has 
so  remained  up  to  this  time. 

In  accordance  with  English  ideas,  the  road 
was  built  with  a  six-foot  gauge,  a  mistake  in 
construction  that  for  years  acted  as  a  deterrent 
to  its  successful  operation,  owing  to  the  fact 
that  contents  of  cars  had  to  be  transferred  at 
■connecting  points.  Another  mistake  of  its 
early  managers  was  a  refusal  of  the  Erie  to  ac- 
cept entrance  into  New  York  city  over  the  New 
York  and  Harlem  lines,  then  being  constructed 
and  which  later  passed  to  the  control  of  the 
New  York  Central.  But  this  management  did 
see  the  value  of  the  coal  traffic  and  in  1861  it 
entered  the  anthracite  coal  fields  of  Pennsyl- 
vania and  later  through  its  Bradford  branch 
reached  the  bituminous  fields.  But  in  the  mean- 
time, it  had  become  a  financial  foot-ball  in  Wall 
street,  partly  through  a  desire  to  combine  with 
the  Atlantic  and  Great  Western,  then  building, 
through  Ohio,  for  the  purpose  of  making  a 
route  to  Saint  Louis  on  the  Mississippi  River. 
A  connection  to  the  Ohio  River  at  Cincinnati 
was  ultimately  effected  through  a  combination 
with  the  Atlantic  and  Great  Western  and  an 
operating  connection  with  the  C,  H.  and  D. 
completed  33  years  after  the  first  work  on  the 
Erie  was  begun. 

In  1867,  Jay  Gould  and  Col.  lames  Fisk 
came  into  possession  of  the  Erie  and  from  1868 
to  1872  a  fight  ensued  between  Gould,  Vander- 
bilt,  Fisk,  James  McHcnry  and  Daniel  Drew 
for  the  possession  of  the  property,  resulting  in 
its  spectacular  wreckage  after  one  of  the  bit- 
terest and  most  vindictive  railway  wars  in  his- 
tory. The  contest  for  the  possession  of  the 
property  and  the  financial  manipulations  in- 
dulged in  enriched  all  who  were  interested  ex- 
cepting the  actual  owners  of  the  road  and  these 
it  impoverished  as  it  did  the  road  itself.  At  the 
conclusion  of  this  historic  fight,  Hugh  J.  Jewett 
came  in  as  president  in  1874  and  a  year  later  was 
made  receiver,  the  property  having  been  pur- 
chased by  the  security  holders  to  prevent  its 
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complete  wreckage.  It  was  reorganized  in  1878 
as  the  New  York,  Lake  Eric  and  Western.  It 
then  owned  525  miles  of  road  and  leased  400 
more.  The  road  was  converted  into  a  standard 
uge  road  at  a  cost  of  $25,000,000  and  was 
uble  tracked  from  Jersey  City  to  Buffalo. 
Attempts  to  enter  Chicago,  first  over  what 
is  now  known  as  the  "Pandhandle  Route,"  and 
later  over  the  Pittsburgh,  Fort  Wayne  and  Chi- 
cago were  successfully  blocked  by  rivals  and  it 
was  not  until  1883  that  it  secured  an  entrance 
into  the  western  metropolis  over  the  Chicago 
and  Atlantic  Railway.  Under  succeeding  man- 
agements, the  road,  in  spite  of  the  enormous 
financial  obligations  which  hampered  it,  was 
operated  as  a  paying  and  successful  property 
until  the  panic  of  1883-84.  The  obligations  ac- 
cruing because  of  its  purchase  of  the  Chicago 
and  Atlantic  and  Pennsylvania  coal  properties 
led  the  road  to  still  further  embarrassment  and 
finally  to  another  receivership  in  1893.  Two 
years  later,  the  company  was  reorganized  as  the 
Erie  Railroad  Company  and  assumed  possession 
of  the  property  on  1  Dec.  1895,  which  it  has 
since  operated. 

The  Erie  Railroad  is  to-day  a  great  modern 
highway,  its  main  line  extending  from  Jersey 
City,  N.  J.,  to  Chicago,  III.,  a  distance  of  999 
miles.  Within  the  last  few  years  this  main  line 
has  been  double-tracked  and  it  is  now  known  as 
a  "low-grade  line,"  for  example,  l)etween  Jersey 
City  and  Salamanca,  N.  Y.,  a  distance  of  414 
miles,  the  ruling  grade  has  been  brought  down 
from  0.65  to  0.2  per  cent.  The  present  ruling 
grade  is  said  to  be  lower  than  that  of  any  other 
railroad  running  from  Pittsburgh,  Buffalo  or 
the  Ohio  State  line  to  New  York  city.  Between 
Marion,  Ohio,  and  Hammond,  Ind.,  the  ruling 
grade  of  the  Chicago  and  Erie  has  been  re- 
duced from  0.55  per  cent  west  bound  and  0.5 
east  bound  to  0.2  per  cent  in  each  direction. 

The  following  is  the  official  statement  of 
gross  operating  revenues  and  operating  expenses 
and  taxes  for  the  past  five  years  —  operating 
revenues  1911,  $56,649,908;  1912,  $56,492,369; 
1913,  $62,647,359;  1914.  $60,983,574;  1915,  $66.- 
436,719;  the  operating  expenses  for  the  same 
period  were  1911,  $40,245,301;  1912.  $42,508,253; 

670  748* 146,760 1  19H'  $48,224,007:  191 S'  $45'" 
A  pioneer  as  a  trunk  line,  it  was  also  the 
first  railroad  to  adopt  what  are  now  universal 
methods  —  among  these  the  running  of  trains 
by  telegraph,  the  use  of  a  printed  time  table, 
the  running  of  Sunday  trains,  emigrant  trains, 
and  special  service  for  suburban  passengers,  the 
use  of  parlor  cars,  the  establishment  of  dining 
rooms  along  the  line,  the  establishment  of  spe- 
cial milk  trains,  the  running  of  a  newspaper 
special  train  (this  being  done  in  1842).  It  was 
also  the  first  road  to  run  an  excursion  train  of 
the  modern  type  with  a  brass  band  and  a  re- 
duced round  trip  fare,  the  first  road  to  use  a 
bell  cord  to  signal  from  the  conductor  to  the 
engineer,  the  first  to  build  up  local  industries 
by  furnishing  to  manufacturing  companies  the 
use  of  switcbing  and  terminal  tracks,  a  custom 
now  so  universal,  and  in  more  modern  days,  the 
first  road  to  adopt  all-steel  baggage,  express  and 
postal  cars,  and  is  the  only  railroad  in  the  world 
operating  a  triplex  or  "centipede*  locomotive. 

ERIGENA.    e-rij'e-na.    Johannes.  See 

Scotus,  Johannes  Erigena. 


ERIGERON,  a  genus  of  plants  of  the  fam- 
ily Composite,  having  a  strong  odor.  Terpene 
is  the  name  of  the  oil  distilled  from  E. 
canadensis,  a  widely  diffused  species,  and  used 
as  an  irritant  and  stimulant  in  medicine. 

ERIN,  an  old  name  for  Ireland.  It  is  now 
used  only  in  poetry. 

ERINITE,  a  basic  copper  arsenate  having 
the  formula  Cu,(OH)»As.O.  occurring  as  a  dark 
green  cry  stalline  coating  of  fibrous  structure  in 
Cornwall.  England,  and  the  Tintic  district, 
Utah.  The  name  is  also  applied  to  an  aluminum 
silicate  from  the  Giant's  Causeway,  Ireland. 

ERINNA,  Greek  poetess:  b.  Rhodes  or 
Tcos.  about  600  b  c. ;  d.  at  age  of  19.  Accord- 
ing to  some  she  was  a  Lesbian  and  the  intimate 
friend  of  Sappho.  Others  aver  that  she  was 
born  at  Teos,  Rhodes  or  Telos,  and  that  she 
lived  in  the  age  of  Demosthenes;  while  others 
again  assert  that  there  were  two  poetesses  of 
the  same  name.  She  left  behind  her  a  few 
poems  which  were  thought  equal  to  those  of 
Homer  in  point  of  merit.  The  chief  of  them 
was  a  work  of  about  300  lines,  called  <Elakate> 
(The  Distaff),  of  which  nothing  has  come  down 
to  us. 

ERINYES.  e-rm'i-cz,  The  Furies  (q.v.). 

ERIOCAULON,  er-i-o-ka'lon,  the  typical 
genus  of  the  pipewort  family  (Eriocaulonacett). 
See  Pipewort. 

ERIODENDRON,  a  genus  of  tropical  trees 
of  the  natural  order  Malvacta.  There  are 
about  a  dozen  species,  which  are  characterized 
by  digitate  leaves,  medium  to  large,  white  or 
reddish,  solitary  or  clustered  flowers,  and  thick, 
woody  seed-capsules  containing  a  cotton-like 
fibre  which  suggested  the  name  silk  cotton-tree. 
Some  of  the  species  exceed  100  feet  in  height, 
and  furnish  wood  used  in  making  boats.  The 
seeds  of  several  species  are  used  for  food  to 
some  extent.  But  the  principal  economic  value 
for  which  these  trees  are  noted  is  in  the  fibre 
which  surrounds  the  seeds.  This  is  too  short 
to  be  successfully  woven  like  cotton,  but  is 
highly  valued  in  upholstery  for  stuffing  cushions, 
lounges,  etc.,  for  making  floss  and,  it  is  said, 
as  a  substitute  for  animal  hair  in  making  felt 
for  hats.  The  chief  source  of  supply  is  Java. 
It  is  known  in  various  countries  as  kapok,  rimi, 
bentang.  etc.  Various  South  American  species 
of  Bombax,  a  related  genus,  also  furnish  a 
similar  fibre.  Like  many  other  species  of  the 
natural  order  Malvaceer.  the  species  of  these 
two  genera  also  furnish  a  valuable  bast  fibre 
which  is  used  for  rone  and  cordage-making. 
One  species,  E.  occideulale,  is  grown  in  Califor- 
nia to  a  small  extent  as  an  ornamental  tree  un- 
der the  name  Criba  occidentalis. 

ERIOMETER,  an  optical  instrument  for 
measuring  the  diameters  of  minute  particles  and 
fibres  from  the  size  of  the  colored  rings  pro- 
duced by  the  diffraction  of  the  light  in  which 
the  objects  are  viewed. 

ERIOPHORUM.  See  Cotton  Grass. 

ERIPHYLE,  in  the  Greek  mythology,  the 
daughter  of  Talaus,  and  wife  of  Ampharaus, 
whom  <he  betrayed  for  a  necklace  presented  to 
hor  by  Polynires.  The  necklace  was  made  by 
Heph.-estus  (Vulcan),  and  had  the  power  of 
rendering  whoever  wore  it  unlucky. 
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ERIS,  e'ris  or  erls,  in  Greek  mythology  the 
goddess  of  discord,  daughter  of  Night,  and 
sister  of  Nemesis,  and  the  Pares  or  Fates.  Not 
being  invited  to  the  marriage  of  Peletis,  she  re- 
venged herself  by  means  of  the  apple  of  discord. 
See  Paris. 

ERITH,  England,  town  in  Kent,  on  the 
Thames,  about  14  miles  east  of  London,  con- 
tains the  Maxim-Nordcnfcldt  gun-factory,  engi- 
neering works  and  other  manufactories.  Sev- 
eral yacht  clubs  have  their  headquarters  here. 
Pop.  27.750. 

ERITREA,  a-re-tra'a,  or  ERYTH'R-ffiA 
(from  Greek  erythros,  red,  referring  to  the 
Red  Sea),  the  official  name  of  an  Italian  colo- 
nial possession  stretching  along  the  African 
shore  of  the  Red  Sea  from  Cape  Kasar  in  lat. 
18°  Z  N.  to  the  sultanate  of  Raheita  on 
Bab-cl-Mandeb  in  lat.  12°  3C  N.  The 
coast-line  is  between  500  and  600  miles  in 
length,  and  the  area  of  the  colony  is  about  94,- 
800  square  miles.  The  chief  town  is  Massowah. 
Population  of  the  colony  is  about  400,000,  the 
majority  of  whom  are  Arabs. 

ERIVAN,  er-I-van',  Russia,  (1)  a  fortified 
city,  capital  of  the  government  of  the  same 
name  in  Transcaucasia,  on  the  Sanga  River  at 
an  elevation  of  3,000  feet,  33  miles  northeast 
from  Mount  Ararat.  The  manufactures  consist 
of  cottons,  earthenware  and  leather;  and  the 
situation  of  the  town,  on  the  caravan  route  be- 
tween Russia  and  Persia,  gives  it  a  considerable 
transit  trade.  Pop.  32.505.  (2)  The  govern- 
ment of  Erivan  has  an  area  of  10,745  square 
miles,  and  a  diversified  population  totaling 
(1912)  971,290.  of  which  Armenians  and  Tartars 
are  the  chief  components,  but  including  also 
Kurds,  Greeks,  Russians  and  Jews. 

ERJISH  DAGH,  er'jish'  dag  (the  ancient 
Arga?us),  an  extinct  volcano  in  the  vilayet  of 
Angora.  Asia  Minor.  It  has  an  elevation  of 
13,000  feet.  The  last  eruption  occurred  in  the 
4th  century  of  the  Christian  era. 

ERK,  Ludwig  Christian,  German  musician : 
b.  Wctzlar  1807  d.  1883.  He  studied  at  Offen- 
bach under  A.  Andre,  became  conductor  in  the 
Domkirche  at  Berlin,  founded  the  Erk  Manncr- 
gesangverein  in  1843  and  nine  years  later  the 
Erk  Gcsangverein.  He  was  eminently  success- 
ful as  a  conductor  and  trained  many  fine  sing- 
ers. His  library  including  many  unpublished 
manuscripts  after  his  death  was  acquired  by 
the  Koniglichc  Hochschule  fur  Musik.  Berlin. 
His  published  songbooks  include  'Singvoge- 
lein>  (1896);  <Liederkranz>  (1839  et  scq  )  ; 
'Deutschcr  Liedcrschatz>  (5th  ed.,  1893)  ; 
'Turncrliederbuch.' 

ERLACH,  an  ancient  family  of  Bern, 
Switzerland,  several  of  whose  members  earned 
distinction  in  various  fields.  The  first  was 
Walter  von  Erlach,  who  lived  in  the  12th  cen- 
tury and  took  his  name  from  Erlach.  a  village 
near  the  lake  of  Brienz.  Ri;polf  vov  Eri.ach 
(d.  1360)  fought  at  Laupen.  There  is  an 
equestrian  statue  to  his  memory  in  Bern.  John 
Lunwir,  (b.  1595;  d.  1650)  commanded  on  the 
Reformers'  side  in  the  Thirty  Years'  War. 
Later  he  entered  the  French  service  and  be- 
came a  marshal  of  France. 

ERLANGEN,  Bavaria,  town  on  the  Regnitz, 
12  miles  north  of  Nuremberg.    As  old  as  the 


10th  century,  it  owes  its  prosperity  to  the  set- 
tlement here  of  French  Huguenots  after  the 
revocation  of  the  Edict  of  Nantes  (1685)  and  to 
its  university.  The  chief  manufactures  arc  arti- 
cles made  from  wood,  ivory  and  horn,  electric 
instruments  and  some  cotton  goods.  It  has 
large  breweries.    Pop.  24,874. 

ERLANGEN,  University  of,  a  Lutheran 
institution  founded  in  1742  in  Baireuth,  but  the 
following  year  moved  to  Erlangen  (q.v.^.  In 
1769  Alexander,  the  then  Margrave  of  Baireuth, 
gave  valuable  assistance  to  the  university  and 
the  name  was  changed  to  its  present  legal  title, 
••Fricdrich- Alexander  University."  Owing  to 
the  changes  of  government  of  the  country  the 
growth  of  the  institution  was  retarded  until 
1880.  Since  that  time  new  buildings  have  been 
added,  and  the  institution  has  increased  in  at- 
tendance and  influence.  In  1913  the  number  of 
students  enrolled  was  about  1,350.  Its  library 
contains  about  260,000  volumes,  some  300,000 
pamphlets  and  a  considerable  number  of 
manuscripts. 

ERL ANGER,  Camille,  French  composer: 
b.  Paris  1863.  At  the  age  of  17  he  entered  the 
Paris  Conservatoire  and  studied  piano  there 
under  Mathias,  and  composition  under  Bazille 
and  Delibes.  His  cantata  'Velleda*  secured  him 
the  Roman  prize  in  1888.  A  dramatic  legend, 
'Saint  Julicn  l'Hospitalicr,'  was  very  successful 
in  1894.  Erlanger's  first  opera  'Kermavia'  ap- 
peared in  1897  and  scored  a  great  success,  it 
was  surpassed  three  years  later  by  'Le  juif 
polonais.'  Others  from  his  hand  arc  <Lc  fils 
de  l'etoile>  (1904);  'Aphrodite'  (1906);  <Han- 
nelc>  (1908);  <Noel>  (1911;  produced  at  Chi- 
cago in  1913);  <La  Sorciere»  (1912);  <Gio- 
conda'  (1914). 

ERLANGER,  Joseph,  American  physiol- 
ogist :  b.  San  Francisco,  Cal.,  5  Jan.  1874.  He 
was  graduated  at  the  University  of  California 
in  1895  and  from  Johns  Hopkins  as  M.D  in 
1899.  Later  he  was  house  officer  at  the  Johns 
Hopkins  Hospital  and  from  1900  to  1906  was 
successively  fellow  in  pathology,  assistant,  in- 
structor, associate  and  associate  professor  of 
physiology  at  Johns  Hopkins.  In  1906-10  he 
held  the  chair  of  physiology  at  the  University  of 
Wisconsin  and  since  the  latter  year  has  held  a 
similar  chair  at  Washington  University. 

ERLAU,  er'low,  or  EGER,  a'ger,  Hungary, 
town,  capital  of  the  county  Heves.  on  the  Egcr, 
75  miles  east-northcast  of  Budapest.  The  man- 
ufactures consist  chiefly  of  woolen  and  linen 
cloth,  hats,  combs,  leather,  shoes  and  harness. 
The  finest  red  wines  of  Hungary  are  made  from 
grapes  grown  in  the  neighborhood.  There  are 
two  thermal  springs,  one  on  each  side  of  the 
river.  F.rlau  was  in  possession  of  the  Turks 
from  15%  to  1687.    Pop.  28.052. 

ERLKING  (Ger.  Erlkonig).  a  mythical 
personage  first  introduced  into  German  poetry, 
through  Herder's  translation  of  a  Danish  bal- 
lad, 'The  Erlking's  Daughtcr,>  and  made  famil- 
iar to  all  readers  bv  Goethe's  ballad,  'Per  Erl- 
konig, >  or  translations  of  it.  This  goblin  is 
represented  as  exercising  a  malignant  and  fatal 
influence  upon  men,  and  especially  children,  by 
alluring  promises  or  visions  which  lead  to  their 
destruction.  The  word  is  of  Danish  origin 
(Ellerkonge,  or  Elverkonge,  king  of  the  elves). 
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ERLON,  Jean  Baptiste  Drouet,  Comte  de. 

See  Drouet. 

ERMAN,  (Johann  Peter)  Adolf,  German 
Egyptologist:  b.  Berlin,  31  Oct.  1854.  He  re- 
ceived his  education  at  the  universities  of  Leip- 
zig and  Berlin.  In  1883  he  was  made  associate 
professor  of  Egyptology  at  the  last  named  in- 
stitution, where  his  father  and  grandfather  had 
both  held  the  chair  of  physics.  Two  years  later 
he  was  appointed  director  of  the  Egyptian  de- 
partment of  the  Berlin  Royal  Museum.  In 
1892  he  became  full  professor  of  Egyptology. 
His  work  on  Egyptian  grammar  has  been  of 
inestimable  value  to  students  and  he  may  be 
said  to  be  the  first  to  put  this  branch  on  a 
really  scientific  basis.  His  published  works  in- 
clude 'Die  Pluralbi Idling  des  Aegyptischcn, 
(1878);  'Neuagyptische  Grammatik>  (1880); 
'Die  Sprache  des  Papyrus  Wcstcar»  (1889)  ; 
•Die  Marchen  des  Papyrus  Westcar>  (1890); 
'Altagyptische  Grammatik»  (1894;  Eng.  trans, 
by  Breasted,  London  1894) ;  'Gesprach  eines 
Lebensmudcn  mit  seiner  Seelc*  (1896);  'Die 
Flexion  des  Agyptischen  Verbums*  (1900) ; 
'Zaubcrsprtiche  fitr  Mutter  und  Kind*  ( 1 901 )  ; 
'Aegyptische  Religion*  (1909);  'Aegyptische 
Grammatik'  (1911);  'Aegypten  und  Acgyp- 
tisches  Leben  im  Altertum'  (1885;  Eng.  trans., 
'Life  in  Ancient  Egypt>  1896),  the  best  work 
on  the  subject. 

ERMINE,  any  weasel  (q.v.)  which  turns 
white  in  winter,  as  is  the  habit  of  all  those  liv- 
ing in  snowy  regions;  or  has  its  pelt  made  up  as 
a  fur.  The  animal's  coat  becomes  completely 
yellowish  white,  except  the  tip  of  the  tail,  which 
remains  black.  When  this  fur  is  made  up  into 
tippets,  coat  trimmings  or  garments,  the  black 
tails  are  attached  as  ornaments  in  rows,  which 
gives  the  regularly  spotted  effect  characteristic 
of  ermine  furs,  and  imitated  in  heraldry,  under 
the  terms  'ermine*  and  "crminois,*  expressive 
of  furs  as  a  bearing.  In  mediaeval  times  the 
use  of  this  kind  of  fur  was  restricted  to  roy- 
alty, and  later  it  became  a  part  of  the  insignia 
of  judges  in  high  courts,  perhaps  as  a  symbol 
of  the  majesty  of  the  law;  whence  the  expres- 
sion "the  ermine"  as  a  mctonym  for  the  judi- 
ciary office.  Ermine  is  mainly  derived  from 
northern  Russia  and  Siberia,  where  it  is  the  fur 
of  the  stoat  (Putorius  erminea)  ;  but  a  great 
amount  is  supplied  by  northern  Canada,  from 
two  or  three  American  species  of  weasels. 

ERMINE  MOTH,  any  of  several  white 
moths  marked  with  black  spots  as  in  ermine 
furs.  The  name  is  given  in  America  to  various 
bombycids,  but  was  originally  applied  to  a  Eu- 
ropean zygxnid  (Ypomoneula  pellida). 

ERMINE,  or  ERMYNE,  STREET,  one 

of  the  four  great  roads  constructed  in  England 
by  the  Romans.  It  led  from  Bishopsgate, 
London,  by  way  of  Durolipons  (Godmanches- 
ter),  Lindum  (Lincoln),  Danim  (Doncaster)  te 
Eboracum  (York),  whence  it  continued  north- 
ward past  Hadrian's  wall  into  Scotland.  At 
Lincoln  it  formed  a  junction  with  the  Foss 
Way,  leading  to  Bath  and  Exeter.  The  Vicinal 
Way,  a  branch  from  London,  led  through 
Essex,  Suffolk  and  Norfolk  to  Venta  Icenorum 
(Caistor  near  Norwich)  and  connected  with  the 
main  road  at  Durolipons  by  a  branch  from 
Camulo-dunum  (Colchester). 


ERMINIE,  a  comic  opera  in  two  acts  by 
Edward  Jakobowslri,  first  produced  at  the 
Comedy  Theatre,  London,  9  Nov.  1885,  and  in 
New  York  at  the  Casino  10  March  1886.  Based 
upon  the  well-known  melodrama  'Robert  Ma- 
caire,'  the  plot  is  lightened  by  the  substitution 
of  the  vagabonds  Ravennes  and  Cadeaux  for 
the  two  murderers  of  the  original  play.  Er- 
minie  was  one  of  the  most  conspicuous  suc- 
cesses in  the  realm  of  light  opera  and  to  Amer- 
ican audiences  it  is  associated  with  the  names 
of  Francis  Wilson  and  Pauline  Hall,  who  took 
part  in  the  first  New  York  production.  The 
music  is  light  and  graceful,  if  not  strikingly 
original.  The  principal  numbers  are  Erminie  s 
song  "Ah,  when  love  is  young,*  "Dull  is  the  life 
of  the  soldier  in  peace,*  the  fetching  lullaby, 
•Dear  mother  in  dreams  I  see  her,*  the  whist- 
ling chorus,  *What  does  the  Dicky  Bird  say,* 
the  gavotte.  'Join  in  pleasure,  dance  a  measure* 
and  the  "Goodnight*  chorus  at  the  close. 

Lewis  M.  Isaacs. 

ERMLAND,  or  ERMELAND,  a  diocese  of 
East  Prussia,  situated  in  the  District  of  Konigs- 
berg.  It  was  erected  as  a  see  in  1230  under  the 
Teutonic  Knights  and  within  50  years  became 
practically  independent  of  the  metropolitan  of 
Riga.  This  independence  was  acknowledged 
when  in  1742  the  pallium  was  conferred  on  its 
prelate  by  Benedict  XIV.  Many  of  the  earlier 
bishops  were  also  temporal  sovereigns  of  this 
district  and  as  such  after  1354  were  acknowl- 
edged princes  of  the  Empire.  In  1466  they 
came  under  the  king  of  Poland  and  with  diffi- 
culty prevented  the  Polish  sovereigns  from  in- 
vading their  right  of  free  election.  Pope  Pius 
II  as  Aeneas  Sylvius  Piccolomini  was  once 
bishop  of  Ermland.  At  the  period  of  the  Ref- 
ormation the  diocese  was  ruled  by  Stanislaus 
Hosias,  who  held  his  subjects  in  their  allegiance 
to  the  older  faith.  In  1772,  on  the  partition  of 
Poland  Ermland  passed  to  Prussia.  It  is  still 
a  bishop's  see,  with  the  cathedral  at  Braunsbcrg. 
Consult  Hipler,  'Analecta  Warmiensia 
(Braunsbcrg  1872)  and  Zeitschrift  fur  Ge- 
schichte  und  Alterthumskunde  ErmlandV  (ib., 
1858  et  seq.). 

ERN,  or  ERNE,  earn,  a  name,  in  poetic 
rather  than  common  or  scientific  use  for  any 
of  the  sea-eagles ;  specifically  the  European 
white-tailed  eagle  of  which  the  American  bald- 
eagle  (Haliteclus  Uucoccphalus)  is  a  near  rel- 
ative. It  is  the  original  English  name  for  the 
eagle,  the  modern  term  coming  from  the 
French.   See  Eagle 

ERNANI,  an  opera  in  four  acts  bv  Giuseppe 
Verdi  (libretto  by  F.  M.  Piave.  founded  on 
Victor  Hugo's  drama),  first  produced  at  Venice. 
9  March  1844.  Its  success  was  immediate  and 
prolonged  and  was  probably  contributed  to  not 
a  little  by  the  interference  of  the  police,  who 
objected  in  particular  to  the  conspiracy  scene 
in  the  third  act.  The  chorus  «Si  ridesti  i1  Leon 
di  Castiglia ,»  which  ends  this  scene,  aroused  the. 
Venetians  to  such  a  pitch  of  political  enthu- 
siasm that  at  one  time  the  theatre  was  closed. 
The  opera  abounds  in  strenuous,  hot-blooded 
music  that  found  its  way  easily  into  the  hearts 
of  Verdi's  countrymen.  But  its  popularity  was 
not  confined  to  Italy.  With  'Ernam1  Verdi  be- 
came an  important  European  figure.  When  the 
opera  reached  Paris,  Victor  Hugo  objected  so 
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strenuously  to  the  utilization  of  his  drama  as  an 
operatic  libretto  that  the  book  was  altered,  the 
characters  changed  to  Italians  and  the  new  title 
of  'II  Proscritto'  given  to  it  Verdi  traveled 
a  long  distance  in  his  artistic  growth  and 
'Ernani'  now  seems  very  old-fashioned. 
Nevertheless  the  dramatic  power  of  some  of 
the  concerted  numbers  is  undeniable  and  it 
contains  melodies  that  still  live,  notably  Elvira's 
aria  in  the  first  act  "Ernani,  involami.* 

Lewis  M.  Isaacs. 

ERNE,  the  name  of  a  lake  and  a  river  of 
Ireland.  The  river  Erne  takes  its  rise  in  Lough 
Gowna,  flows  north  into  Lough  Oughter,  thence 
through  Upper  Lough  Erne  to  the  Lower 
Lough  Erne,  from  which  it  flows  into  Donegal 
Bay.  The  river  has  a  total  length  of  about  60 
miles  and  is  navigable  for  light-draught  vessels 
for  about  two-thirds  of  that  distance.  Lough 
Erne,  including  Upper  and  Lower,  has  a  length 
of  about  40  miles  and  has  a  width  varying 
from  4  to  12  miles.  Many  islets  dot  its  surface 
which  is  150  feet  above  sea-level.  The  lake  is 
the  paradise  of  the  angler;  salmon,  trout, 
bream,  perch,  pike,  abounding  in  its  waters. 
The  lake  possesses  remarkable  scenic  beauty 
and  the  archaeological  remains  on  some  of  the 
islets  and  on  its  shores  form  an  added  attrac- 
tion to  the  tourist.  Consult  Devenish,  'Lough 
Erne:  Its  Histories,  Antiquities  and  Traditions* 
(Dublin  1897). 

ERNEST  MALTRAVERS.  a  novel  by  Bul- 
wer-Lytton,  published  1837.  Its  sequel  is  entitled 
'Alice,  or  The  Mysteries'  (1838).  In  the  pref- 
ace to  the  first-named  novel,  the  author  states 
that  he  is  indebted  for  the  leading  idea  of  the 
work  —  that  of  a  moral  education  or  apprentice- 
ship—  to  Goethe's  'Wilhelm  Mcistcr.'  The 
apprenticeship  of  Ernest  Maltravers  is,  how- 
ever, less  to  art  than  to  life.  'Ernest  Maltra- 
vers' is  written  in  the  Byronic  strain,  and  is  a 
fair  example  of  the  English  romantic  and  senti- 
mental novel  of  the  thirties- 

ERNESTI,  er-neVte,  Tohann  August,  Ger- 
man scholar :  1>.  Tcnnstadt,  Thuringia,  4  Aug. 
1707;  d.  Leipzig,  11  Sept.  1781.  He  studied  at 
Wittenberg  and  Leipzig,  and,  devoting  himself 
to  classical  studies,  became  rector  of  the 
Thomas  School  at  Leipzig  in  1734,  a  post  which 
he  held  till  175°.  He  became  professor  of  the- 
ology in  the  University  in  1759.  He  prepared 
editions  of  Homer,  Callimachus,  Polybius, 
Suetonius  and  Tacitus,  and  of  Xenophon's 
'Memorabilia'  and  Aristophanes'  'Clouds,'  and 
an  excellent  edition  of  Cicero  (3d  ed.  1776-77), 
to  which  he  added  a  valuable  'Key  to  Cicero,' 
often  re-edited.  Regarded  as  the  first  Latinist 
of  his  age,  he  gave  a  great  impetus  to  classical 
and  biblical  studv  and  was  the  founder  of  a 
true  exegesis  of  Scripture  by  the  laws  of  gram- 
mar and  history,  independent  of  dogmatic  pre- 
possessions. His  'Latin  Speeches'  gained  him 
the  name  of  the  "German  Cicero." 

ERNST,  arnst.  I  (surnamcd  "The  Pious9), 
Duke  of  Saxe-Gotha  and  AltenburR.  and 
founder  of  the  house  of  Gotha:  b  Castle  of 
Altenburg,  24  Dec.  1601  ;  d.  1675.  He  was  the 
son  of  John,  Duke  of  Weimar,  and  brother  of 
the  famous  Bernard  of  Saxe-Weimar.  He 
fought  with  distinction  as  colonel  of  horse 
under  Gustavns  Adolphu*.  at  the  battles  of 
Nuremberg.  Liitzen  and  Nordlingen  during  the 
vol.  t  —  31 


Thirty  Years'  War,  and  was  one  of  the  sig- 
natories to  the  Peace  of  Prague  in  1635.  He 
afterward  became  famous  for  the  wisdom  and 
frugality  of  his  administration,  for  the  reforms 
that  he  instituted  and  for  the  progress  his  prin- 
cipality made  during  his  reign.  He  was  the 
founder  of  the  Gotha  line  which  became  ex- 
tinct by  the  death  of  Frederick  IV  in  1825. 
His  son  Bernard  founded  the  house  of  Mcintn- 
gen;  Ernst  that  of  Hildburghausen,  and  Johan 
Ernst  that  of  Saalfcld.  Consult  Beck's  'Ernst 
der  Fromme'  (1865). 

ERNST  II,  Duke  of  Saxe-Gotha  and  Alten- 
burg:  b.  1745;  d.  1804.  On  succeeding  his 
father  in  the  dukedom  he  set  about  to  reform 
the  government  and  ameliorate  the  condition  of 
his  people.  He  refused  to  allow  his  army  to 
send  levies  to  join  the  forces  of  his  near  rela- 
tive George  III  in  fighting  against  the  American 
colonies,  although  large  sums  were  offered  as  an 
inducement.  He  was  a  patron  of  science ;  insti- 
tuted for  the  first  time  a  measurement  of  an 
arc  of  the  meridian  in  Germany  and  established 
an  observatory  near  Gotha.  He  wrote  on 
astronomy,  and  among  his  works  are  'Astro- 
nomische  Tafcln'  (1799).  A  biography  by 
Beck  was  published  at  Gotha  in  1854. 

ERNST  II,  Augustus  Charles  John  Leo- 
pold Alexander  Edward,  Duke  of  Saxe-Co- 
burg-Gotha:  b.  Coburg,  1818;  d.  1893.  He  was 
brother  of  Prince  Albert,  consort  of  Queen 
Victoria  of  England,  and  seems  to  have  re- 
sembled him  in  tastes  and  character.  He  was 
instrumental  in  winning  the  battle  of  Eckern- 
fordc  in  the  war  against  Denmark  in  1849, 
fought  on  the  side  of  Prussia  in  the  Austro- 
Prussian  and  Franco-Prussian  wars.  Alone 
among  the  German  princes  he  was  liberal  and 
worked  for  the  reform  of  the  constitution  as 
well  as  for  the  unification  of  Germany.  His 
liberalism  caused  his  little  duchy  to  become  an 
asylum  for  political  refugees  from  the  other 


states.    He   was   succeeded   by  his  nephew, 
Alfred,  duke  of  Edinburgh.  He 
successful  operas. 


wrote  some 


ERNST,  August,  King  of  Hanover  and 
Duke  of  Cumberland:  b.  Kcw,  5  June  1771;  d. 
18  Nov.  1851.  He  was  the  fifth  son  of  George 
III  of  England.  He  lost  an  eye  at  Tournai  in 
1794,  held  a  command  in  the  campaign  in  Han- 
over in  1813-14  and  was  present  at  the  battle  of 
Leipzig.  He  took  up  his  abode  at  Berlin  but 
returned  to  England  while  the  discussions  on 
Catholic  emancipation  were  going  on.  and  en- 
deavored by  every'  means  in  his  power  to  pre- 
vent the  passing  of  that  measure.  He  as  a 
reactionary  also  opposed  the  Reform  Bill  of 
1832  On  the  accession  of  Queen  Victoria  in 
1837  he  ascended  the  throne  of  Hanover,  in 
consequence  of  the  succession  to  the  sover- 
eignty of  that  country'  being  limited  to  male 
heirs.  After  150  years  of  absentee  rulers,  Han- 
over again  had  a  resident  sovereign.  His  arbi- 
trary and  tyrannical  disposition,  which  had 
hitherto  shown  itself  in  opposing  every  step  in 
the  way  of  political  reform  and  progress,  was 
now  manifested  by  his  abrogating  the  consti- 
tution which  had  been  granted  m  1833.  In 
1848,  however,  he  was  compelled  to  accede  to 
popular  demands  and  accord  the  nation  a  more 
liberal  form  of  government.  He  was  succeeded 
by  his  ion.  George  V,  the  last  of  the  Hanover- 
ian kings.    The  unpopularity  of  the  Duke  of 
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Cumberland  in  Britain  was  extreme  and  the 
contingency  of  his  succeeding  to  the  throne 
was  regarded  as  one  of  the  greatest  misfor- 
tunes that  could  befall  the  nation.  Thus  was 
the  Duke's  ambition,  balked  by  the  marriage  of 
Queen  Victoria,  against  which  he  loudly  pro- 
tested, and  refused  to  attend  the  ceremony. 
Consult  Wilkinson,  'Reminiscences  of  King 
Ernst  of  Hanover'  (1880). 

ERNST,  Harold  Clarence,  American  bac- 
teriologist :  b.  Cincinnati,  Ohio,  31  July  1856. 
He  was  graduated  at  Harvard  University  in 
1876  and  at  its  medical  school  in  1880,  and  be- 
came professor  of  bacteriology  there.  From 
1898  to  1908  he  served  as  president  of  the  Bos- 
ton Society  of  Medical  Sciences,  and  in  1909 
was  president  of  the  American  Bacteriologists' 
and  Pathologists'  Association.  He  was  editor 
of  the  Journal  of  Medical  Research  after  1896, 
and  contributes  to  scientific,  medical  and  other 
periodicals.  His  published  works  include  'In- 
fectiousness of  Milk*  (1896);  'Infection  and 
Immunity'  (1898);  'Prophylactic  Hygiene'; 
'Animal  Experimentation'  (1902);  'Modern 
Theories  of  Bacterial  Immunity*  (1902). 

ERNST,  Oswald  Herbert,  American 
military  officer :  h.  near  Cincinnati,  Ohio,  27 
June  1842.  He  was  graduated  at  the  United 
States  Military  Academy  and  was  commissioned 
a  brigadier- general  of  volunteers  1898.  He  was 
engineer  in  charge  of  western  river  improve- 
ments in  1878-.%;  had  charge  of  harbor  im- 
provements in  Texas  in  1886-89;  and  while  on 
the  latter  service  began  the  great  work  which 
resulted  in  the  deepening  of  the  channel  at  the 
entrance  of  Galveston  harbor  from  12  to  35 
feet.  In  1893-98  he  was  superintendent  of  the 
United  States  Military  Academy.  In  the  war 
with  Spain  he  went  with  General  Miles  to  Porto 
Rico  in  July  1898,  and  on  9  August  led  the 
troops  in  the  action  at  Coamo.  He  was  a  mem- 
ber of  the  Isthmian  Canal  Commission  1899- 
1901,  which  selected  the  Panama  route,  and  of 
the  Commission  of  1905-06  which  determined 
the  type  of  canal  should  be  with  locks.  He 
was  president  of  the  Mississippi  River  Commis- 
sion 1903-06  and  chairman  of  the  American 
section  of  the  International  Waterways  Com- 
mission 1905-15.  He  has  been  a  director  of 
the  Panama  Railroad  since  1905.  He  retired 
from  the  army  27  Tunc  1906.  He  has  published 
'Manual  of  Practical  Military  Engineering' 
(1873)  and  a  'Report'  (1904)  on  the  tunnels 
under  the  Chicago  River. 

ERNST  LUDWIG.  Grand  Duke  of  Hesse: 
b.  Darmstadt,  25  Nov.  1868.  He  succeeded  to 
the  throne  in  1892.  In  1896  he  was  made  lieu- 
tenant-general. In  1894  he  married  Princess 
Victoria  Melita  of  Saxc-Coburg-Gotha.  He 
divorced  her  in  1901  and  in  1905  he  married 
Princess  Eleonorc  of  Solms-Hobensohms-Lich. 
In  1909  the  Duke's  play  'Bonifatius'  was  pro- 
duced at  Darmstadt  in  the  Court  Theatre. 

ERNULF,  er'imlf.  or  ARNULF,  English 
prelate:  b.  France,  1040;  d.  15  March  1124.  He 
was  appointed  prior  of  Canterbury  by  Ansclm 
and  was  subsequently  abbot  of  Peterborough 
(1107)  and  bishop  of  Rochester  (1114).  He 
was  equally  remarkable  fur  >kill  in  canon  law 
and  personal  saintliness,  and  compiled  a  great 
collection  of  documents  about  his  own  Church, 
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laws,  papal  degrees,  etc.  He  is  alluded  to  in 
Sterne's  'Tristram  Shandy.' 

EROICA  SYMPHONY,  The,  a  famous 
svmphonv  bv  Beethoven,  first  given  at  Vienna 
in  1805,  under  the  title  of  'Bonaparte.'  It  was 
afterward  renamed  Sinfonia  eroica.    See  Bee- 

THOVEV. 

EROS,  the  Greek  god  of  love,  from  which 
the  Romans  derive  their  Cupid  (cupido,  de- 
sire). In  this  sense  Eros  is  a  fiction  of  later- 
day  poets.  Hesiod  is  the  first  to  mention  Eros, 
whom  he  asserts  to  be  the  fairest  of  the  gods 
who  rules  over  the  minds  and  the  councils  of 
gods  and  men.  It  was  he  who  brought  order 
and  harmony  out  of  chaos.  In  this  cosmogonic 
sense  he  is  used  by  many  of  the  early  writers 
In  Orphic  poetry  and  in  Plato  he  is  conceived 
of  as  the  oldest  and  most  powerful  of  all  the 
gods.  In  some  instances  he  is  described  as  the 
son  of  Kronos  and  Ge,  and  in  others  he  is  of 
independent  origin.  The  Eros  of  the  later 
poets,  which  is  familiar  to  us,  is  conceived  as 
a  son  of  Aphrodite  (Venus)  and  Hermes;  or 
of  Venus  and  Zeus;  or  of  Zcphyrus  and  Iris; 
or  of  Aphrodite  and  Ares  (Mars).  He  is  de- 
picted as  a  wanton  mischievous  boy,  no  longer 
the  god  of  harmony,  but  of  sensual  love.  He  is 
represented  with  wings,  bows  and  arrows,  etc. 
See  Cupid. 

A  creature  called  Antebos  was  generally 
connected  with  Eros,  first  as  opposed  to  Eros 
and  fighting  against  him,  and  later  as  the  aveng- 
ing Eros  who  punished  those  who  did  not  re- 
turn the  love  of  others. 

Among  the  places  distinguished  for  the  wor- 
ship of  Eros,  Thcsp'ue  in  Bceotia  stands  fort- 
most,  where  his  worship  was  very  ancient. 
Here  a  festival  was  celebrated  in  honor  of  the 
god.  At  Sparta,  Samos,  Parion  and  at  Athens, 
where  he  had  an  altar  at  the  entrance  of  the 
Academy,  the  god  was  also  worshipped.  At 
Mczora  he  stood  with  Himeros  and  Pothos  in 
the  temple  of  Aphrodite.  His  statue  was  rep- 
resented at  first  by  a  crude  stone,  which  de- 
veloped into  the  perfect  beauty  of  the  boy-figure 
by  Praxiteles,  now  in  the  Capitoline  Museum, 
and  undoubtedly  the  source  of  all  the  later  rep- 
resentation of  Eros  as  a  chubby  boy.  Among 
the  things  sacred  to  Eros  and  accompanying 
him  are  the  rose,  wild  beasts,  the  hare,  the 
cork  and  the  ram.    See  Psyche. 

EROS,  in  astronomy,  one  of  the  minor 
planets,  discovered  photographically  by  Witt  in 
1898,  at  the  Urania  Observatory,  Berlin.  The 
orbits  of  most  of  the  other  known  asteroids  lie 
wholly  heyond  that  of  Mars ;  but  Eros  ap- 
proaches much  nearer  to  the  sun,  and  at  times 
it  may  be  within  13,500,000  miles  of  the  earth. 
It  is  this  fact  which  gives  the  planetoid  its 
great  astronomical  interest.  The  relative  dimen- 
sions of  the  solar  system  are  known  with  high 
precision,  and  if  any  dimension  can  be  accu- 
rately measured  in  miles,  all  the  other  dimen- 
sions become  known  at  once,  in  terms  of  the 
same  unit.  It  is  apparently  possible  to  determine 
the  parallax  of  Eros  (and  hence  its  distance 
from  the  earth  in  miles)  with  relatively  hi^jh 
precision  and  a  correspondingly  accurate  deter- 
mination of  the  absolute  dimensions  of  the  solar 
system  in  general  will  result.  As  Eros  ap- 
proaches the  earth  more  closely  than  any  other 
heavenly  body  except  the  moon,  its  paral'ax  is 
relatively  large;  and  the  fact  that  its  diameter 
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does  not  exceed  20  miles,  so  that  it  appears  in 
the  telescope  as  a  mere  point  of  light  without  a 
sensible  disk,  indicates  that  extremely  precise 
micrometric  measures  of  its  position  on  the 
heavens  may  be  had.  Astronomers  are  keenly 
alive  to  the  possibilities  offered  by  this  seem- 
ingly insignificant  little  planet,  and  at  evcrv 
favorable  opposition  Eros  will  be  studied  with 
exceeding  care. 

The  planet  itself  is  known  to  be  a  little 
world,  nearly  round,  which  revolves  about  the 
sun  in  a  period  of  643  days.  _  A  very  remark- 
able fact  about  it  is  that  it  is  found  to  vary 
periodically  in  brightness;  when  brightest  it  is 
more  than  three  times  as  bright  as  when  faint- 
est, the  period  of  a  complete  variation  being 
somewhat  more  than  five  hours.  It  was  sug- 
gested that  the  apparently  single  planet  is,  in 
fact,  two  planets,  so  close  together  that  they  ap- 
pear to  us  as  one,  the  time  of  their  revolution 
about  their  common  centre  of  gravity  being 
twice  the  period  of  the  apparent  variation  in 
brightness.  More  careful  photometric  study, 
however,  renders  it  certain  that  the  planet  is 
single,  having  one  side  much  brighter  than  the 
other,  and  that  its  variation  in  brightness  is  due 
to  its  axial  rotation. 

An  asteroid  very  similar  to  Eros  was  dis- 
covered by  Wolf  on  4  Feb.  1918,  and  although 
the  orbit  of  this  new  body  is  far  larger  than 
that  of  Eros,  the  eccentricity  is  so  great  (0.553), 
that  when  nearest  to  the  earth  it  is  but  little 
more  than  17  millions  of  miles  from  us.  Thus 
this  asteroid  and  Eros  come  nearer  to  us  than 
any  other  planets  of  the  solar  system.  It  hap- 
pens that  the  time  of  nearest  approach  for  both 
of  these  bodies  is  toward  the  beginning  of  the 
year  1931.  It  is  probable  that  from  observa- 
tions made  at  this  time  the  distance  of  the  sun 
will  be  ascertained  with  an  accuracy  far  trans- 
cending that  available  at  present. 

EROSION,  or  DENUDATION,  the  proc- 
ess of  slow  removal  in  air  or  water  of  the 
products  of  rock  decay  whereby  the  surface 
features  of  the  earth  are  obliterated.  It  in- 
cludes the  destructive  work  of  winds,  of 
streams,  of  glaciers  and  of  the  ocean.  Its 
various  aspects  may  be  considered  under  two 
heads:  (1)  subaerial;  (2)  marine. 

1.  Under  subaerial  erosion  comes  the  action 
of  air  and  water  on  all  land  surfaces  above 
sea-level,  first  in  making  rock  material  fine, 
weathering,  and  second,  in  its  removal,  trans- 
portation. Chemical  processes,  due  to  moisture 
and  CO«  in  the  air,  break  up  the  rock-minerals. 
Changes  of  temperature  crack  off  flakes  from 
rock-ledges  and  reduce  them  to  smaller  flakes. 
Water,  freezing  in  cracks,  forces  apart  large 
blocks  of  rock.  In  a  climate  with  dry  seasons 
the  dust  may  be  swept  away  by  the  winds  (de- 
flation), leaving  the  larger  pebbles.  Stony  des- 
erts have  thus  been  formed  in  Arizona  and 
other  parts  of  the  world.  The  dust-charged 
winds  can  carve  and  wear  down  rock  surfaces. 
Instances  are  common  in  the  arid  regions  of  the 
West  and  in  the  desert  of  Sahara.  Glaciers 
scour  out  their  valleys  powerfully  and  carry 
away  much  material. 

The  erosive  action  of  water  begins  with  the 
raindrop.  If  a  piece  of  soft  ground  with  small 
stones  lying  about  be  examined  closely  after  a 
shower,  it  will  be  found  that  soil  has 
beaten  down  and  washed  away  from  the 


not  protected  by  stones.  This  action  sometimes 
takes  place  on  a  larger  scale  in  semi-arid  cli- 
mates when  rock-decay  is  slow  and  curious 
pillars  of  earth  or  soft  rock  capped  by  pro- 
tecting boulders  are  formed.  Examples  may 
be  found  in  the  Garden  of  the  Gods.  Colorado. 
When  the  raindrops  unite  to  form  tiny  rivulets 
the  process  of  river-erosion  has  begun.  In  fact, 
a  patch  of  soft  ground  on  a  hillside  during  a 
shower  shows  many  of  the  phenomena  of 
stream-formation,  as  likewise  docs  even  a  dust- 
covered  street.  The  work  of  surface  water 
is  continuous.  Some  rock-constituents  are  dis- 
solved and  borne  away  in  solution ;  other 
particles  are  carried  away  in  suspension  and,  by 
abrasion  on  rocks  below,  help  the  stream  carve 
its  channel  deeper.  When  the  current  slackens 
some  of  the  waste  from  the  higher  lands  may 
be  deposited,  the  coarser  materials  first.  Thus 
mountains  are  worn  down  and  plains  formed. 
The  higher  the  mountains,  the  deeper  the  valleys 
can  be  carved;  but  even  the  highest  mountains 
arc  ultimately  deeply  dissected,  and  finally  worn 
down  so  that  the  current  of  the  river  may  not 
be  strong  enough  to  transport  the  detritus.  The 
carving  of  the  Grand  Canyon  of  the  Colorado, 
a  stupendous  piece  of  work  as  it  is,  is  but  a  bo- 
ning in  the  complete  leveling  of  the  region.  A 
country  thus  worn  down  is  said  to  have  reached 
a  base-level  of  erosion,  and  its  nearly  level 
surface  forms  a  peneplain.  If  such  a  region  be 
uplifted  the  streams  will  start  work  again  vigor- 
ously, and  a  new  cycle  of  erosion  will  begin. 
A  region  reduced  to  its  base-level,  if  neither  ele- 
vated nor  depressed,  can  remain  unchanged 
through  millions  of  years. 

The  amount  of  waste  brought  down  by  some 
rivers  is  enormous.  Thus  the  Po  in  flood  car- 
ries one  part  sediment  to  every  300  parts  of 
water;  the  Ganges  one  part  sediment  to  835 
parts  of  water.  These  may  seem  small  ratios 
of  sediment,  but  the  total  amount  of  material 
discharged  annually  by  the  Ganges  is  calculated 
to  be  3/8,100,000  tons,  while  the  Nile  annually 
brings  down  150.000,000  tons.  The  Mississippi 
annually  brings  to  the  Gulf  of  Mexico  406,250,- 
000  tons  of  material  in  suspension,  enough  to 
lower  its  whole  basin  one  inch  in  300  years.  It 
is  calculated  that  the  average  amount  of  material 
removed  as  sediment  annually  by  streams  over 
the  whole  land  surface  is  600  tons  per  square 
mile. 

2.  Marine  erosion  is  continually  wearing 
away  the  continents.  Waves  undermine  cliffs, 
grind  up  sand  and  boulders,  and  working  with 
the  undertow,  drag  the  materials  out  and  deposit 
them  in  the  ocean.  Some  geologists  even  hold 
that  marine  planation  is  more  important  than 
river  work  in  the  destruction  of  continents. 

EROSTRATUS,  Ephesian  incendiary.  To 
perpetuate  his  name  as  the  destroyer  of  one  of 
the  seven  wonders  of  the  world  he  set  fire  to 
the  magnificent  temple  of  Artemis  (Diana),  at 
Ephcsus,  on  the  night  Alexander  the  Great  was 
bom  (356  b.c).  The  indignant  Ephesians  de- 
creed that  whoever  pronounced  his  name  would 
be  put  to  death,  a  sure  means  of  insuring  his 
fame. 

EROTIC  (Greek  erds,  love)  POETS,  the 
name  applied  to  certain  modern  French  fiction- 
ists,  and  in  Greek  literature,  particularly  to  a 
class  of  romance  writers,  and  to  the  author  of 
the  'Milesian  Tales. »    These  writers  belong  to 
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the  later  periods  of  Greek  literature,  and  abound 
in  sophistical  subtleties  and  ornaments.  The 
best  of  them  are  Achilles,  Tatius,  Heliodorus, 
Longus,  Xenophon  of  Ephcsus  and  Chariton. 
The  word  erotic  is  used  in  two  closely  related 
senses,  (1)  amorous,  treating  of  love  or  in- 
spired by  love;  (2)  a  love  poem  or  composition. 

EROTOMANIA,  a  kind  of  paranoia  in 
which  there  is  present  a  morbid  ideation  toward 
a  real  or  imaginary  object  of  love.  See 
Paranoia. 

ERPENIUS,  er-pe'nl-iis  (Latinized  from 
Van  Erpc),  Thomas,  Dutch  Orientalist:  b. 
Gorkum,  Holland,  11  Sept  1584;  d.  Leyden,  13 
Nov.  1624.  His  fame  rests  principally  on  his 
acquaintance  with  the  Oriental  languages.  To 
extend  his  knowledge  of  them  he  visited  Eng- 
land. France,  Italy  and  Germany,  and  became 
acquainted  with  the  most  eminent  scholars.  He 
learned  at  the  same  time  the  Persian,  Turkish 
and  Ethiopian  languages.  He  returned,  in  1612, 
to  Leyden,  and  was  appointed  professor  of  Arabic 
and  other  Oriental  languages.  He  established  a 
press,  at  great  expense,  for  the  printing  of 
works  of  Oriental  literature.  In  1619  a  second 
Hebrew  professorship  was  founded  at  Leyden, 
and  committed  to  Erpenius.  Soon  after  he  re- 
ceived the  office  of  Oriental  interpreter  to  the 
states-general.  The  most  learned  Arabs  ad- 
mired the  elegance  with  which  he  expressed 
himself  in  their  language,  so  rich  in  delicate 
peculiarities.  His  reputation  as  a  perfect  master 
of  the  Arabic  became  universal,  and  he  was  re- 
peatedly invited  by  the  king  of  Spain  to  explain 
inscriptions  on  the  Moorish  buildings  and  monu- 
ments. The  works  of  Erpenius  (some  of  which 
were  published  after  his  death),  are  held  in  the 
highest  estimation.  Besides  his  'Grammatica 
Arabica,'  his  'Grammatica  Hebraica,'  and  other 
grammatical  works,  his  most  valuable  and  cele- 
brated publication  is  his  'Historia  Saracenica* 
(1625). 

ERRANTE,  Vincenzo,  ven-chend'sd  5r- 
ran'te,  Italian  poet  and  statesman :  b.  Palermo, 
16  July  1813  ;  d.  Rome.  29  April  1891.  He  was 
many  years  an  exile  for  his  share  in  Sicilian 
politics.  His  works  are  two  volumes  of 
"Tragedies  and  Lyrics'  (1874);  the  dramas 
'The  Feast  of  Saint  Felix*  and  'Suleiman  the 
Great';  the  poems  'The  Ideal'  and  'Liberty.' 
He  wrote  also  a  'History  of  the  Osmanli  Em- 
pire from  Osman  to  the  Peace  of  Carlowitz* 
(1882-S3). 

ERRANTIA,  er-an'shl-a,  an  order  of  anne- 
lids of  the  sub-class  Polycharta,  characterized  by 
their  not  dwelling  in  fixed  tubes,  but  wandering 
about  freely,  seeking  animal  food.  They  have 
a  well-developed  head,  with  protrusiblc  pharynx 
usually  armed  with  chitinous  jaws,  and  efficient 
locomotory  organs.  A  typical  genus  is  Nereis, 
with  many  familiar  species. 

ERRARD,  ar-rfir,  Charles,  French  painter 
and  architect:  b.  Nantes,  1606;  d.  Rome,  15  May 
1689  He  was  instructed  in  painting  by  his 
father,  Charles  Errard,  known  as  the  elder,  and 
perfected  his  knowledge  at  Rome.  On  his 
return  to  France  he  gradually  rose  to  eminence 
in  his  profession.  In  1648  he  became  one  of  the 
12  founders  of  the  Academy  of  Painting.  He 
was  engaged  in  the  decoration  of  the  Palais 
Royal,  Louvre  and  other  palaces.    His  chief 


claim  to  notice  rests,  however,  upon  his  con- 
nection with  the  foundation  of  the  French 
academy  at  Rome,  which  was  projected  by  him 
and  carried  into  effect  in  1666,  with  12  pupils, 
and  of  which  he  was  the  first  director. 

ERRATA,  e-ra'ta  (Latin,  the  plural  form 
of  erratum,  an  error),  the  list  of  errors  and  cor- 
rections placed  at  the  end  or  at  the  beginning 
of  a  book.  Before  the  invention  of  printing, 
and  for  a  short  time  after,  the  errata  were  cor- 
rected on  the  page  where  they  occurred,  but 
this  was  foundf  to  be  inconvenient  when  the 
art  became  a  little  more  developed.  The  first 
known  example  occurs  in  an  annotated  edition 
of  <  Juvenal, '  published  at  Venice  in  1478,  which 
contains  a  list  occupying  two  pages.  'The  Vul- 
gate,' published  in  1590,  at  Rome,  by  Sixtus  V, 
and  of  which  the  proofs  were  revised  by  that 
Pope  himself,  contains,  instead  of  a  table  of 
errata,  a  bull  which  excommunicated  those  who 
would  dare  to  make  any  alterations  in  the  text. 
The  book,  however,  was  found  to  contain  so 
many  blunders  that  it  was  afterward  suppressed, 
and  the  Papal  bull  had  no  other  effect  than 
that  of  amusing  the  learned  and  creating  a 
demand  for  the  copies  still  existing,  some  of 
which  have  been  sold  for  about  $200.  See 
Bull;  Mistake. 

ERRATICS,  or  ERRATIC  BLOCKS,  in 

geology,  boulders  or  large  masses  of  angular  or 
subangular  rock  which  have  been  transported  to 
a  distance  from  their  original  outcrop  by  the 
action  of  ice  during  the  Glacial  Period.  Thus 
on  the  slopes  of  the  Jura  Mountains,  in  France, 
immense  blocks  of  granite  are  found  which 
have  traveled  60  miles  from  their  original  situa- 
tion and  in  northern  United  States,  boulders 
are  found,  the  nearest  source  of  which  must 
be  over  200  miles  distant  from  the  present  loca- 
tion.   See  Geology;  Glacier;  Glacial  Period. 

ERRERA,  er-ri'ra  Alberto,  Italian  political 
economist :  b.  Venice,  21  April  1842.  He  was 
educated  at  Padua  and  has  held  the  pro- 
fessorship of  political  economy  and  statistics  in 
the  schools  ot  several  Italian  cities,  including 
Venice,  Milan  and  Naples,  and  also  at  the  Uni- 
versity of  Naples.  Among  his  works  are  'Storia 
c  staiistica  deile  industrie  Venete*  (1S70); 
'Storia  della  cconomia  politica  nei  secoli  XVII,  e 
XVIII  negli  stati  della  republica  Vcneta' 
(1877);  'Dcmographia'  (1S92);  and  'Lczione 
di  cconomia  politica'  (1892). 

ERRETT,  Isaac,  American  clergyman  :  b. 
New  York,  2  Jan.  1820;  d.  near  Cincinnati, 
Ohio,  19  Dec.  1888.  In  1840  he  entered  the 
ministry  of  the  "Christian  Church*  a  sect 
founded  by  Alexander  Campbell,  and  held 
pastorates  in  Pennsylvania.  Ohio,  Michigan  and 
Chicago.  III.  For  a  time  he  assisted  Campbell 
in  the  editorship  of  the  Millennial  Harbinger, 
in  1866  he  established  the  Christian  Standard. 
and  published  it  until  his  death.  He  was  presi- 
dent of  Alliance  College  1868-69;  filled  many 
offices  in  his  Church,  and  wrote  'Brief  View  of 
Christian  Missions'  (1857);  'First  Principles, 
or  the  Elements  of  the  Gospel*  (1867): 
•rerusalem'  (1872);  'Talks  to  Bereans' 
M875) ;  'Letters  to  a  Young  Christian'  (1877) : 
'Evenings  with  the  Bible>  (1884-87);  'Our 
Position ;  the  Plea  Urged  by  the  People  Known 
as  Disciples  of  Christ'  (1885).  Consult 
'Isaac  Errett>   (Cincinnati  1894). 
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ERRHINBS,  er'rinz,  medicines  adminis- 
tered locally  to  produce  sneezing,  and  so  relief 
from  catarrh  by  a  discharge  from  the  nostrils. 
The  term  is  not  generally  used  at  present. 

ERROR,  (Latin  errare,  to  wander)  (1)  In 
astronomy  errors  or  differences  in  calculations 
and  observations,  to  correct  which  recourse  is 
had  to  a  system  of  reduction  known  as  the 
method  of  least  squares.  To  correct  errors  of 
instrument  measurement  is  of  the  greatest  im- 
portance in  all  scientific  work,  and  great  care 
and  pains  arc  taken  to  secure  these  corrections. 
(2)  Clerical  error,  a  mistake  in  writing,  a  slip 
of  the  pen.  (3)  Joiner  in  error,  in  law;  the 
taking  of  issue  on  the  suggestion  of  error.  (4) 
Writ  of  error,  in  law,  a  process  issued  by  a 
court  of  review,  to  an  inferior  court,  suggesting 
that  error  has  been  committed  and  requiring 
the  record  to  be  sent  up  for  examination ;  now 
commonly  known  as  an  appeal.  (5)  Court  of 
error,  a  court  exercising  appellate  jurisdiction 
by  means  of  writs  of  error.  (6)  Assignment 
of  error,  in  law,  specification  of  the  error  sug- 
gested or  objected  to.  For  ordinary  errors, 
see  Bull;  Mistake. 

ERROR,  PeraonaL  See  Equation,  Per- 
sonal. 

ERSCH,  ersh,  Johann  Samuel,  German 
bibliographer:  b.  Grossglogau,  23  June  1766;  d. 
Halle,  16  Jan.  1828.  He  was  principal  librarian 
and  professor  of  geography  and  statistics  at 
Halle,  and  is  credited  with  being  the  founder 
of  modern  German  bibliography.  Among  his 
publications  are  a  'Dictionary  of  French 
Writers';  'Manual  of  German  Literature'; 
and,  in  connection  with  Grubcr,  the  'Universal 
Encyclopaedia  of  Arts  and  Sciences'  (1818). 
This  latter  is  a  work  of  great  merit. 

ERSE,  ers.  a  corruption  of  the  word  Irish; 
a  name  applied  to  Irish  Gaelic  people,  and  also 
to  the  lowlandcrs  of  Scotland.  See  Celtic 
Languages;  Celtic  Literature. 

ERSKINE.  David  Stewart,  11th  Earl  of 
Buciian,  Scottish  author  and  antiquarian:  b. 
1742;  d  1829.  He  received  his  education  at  the 
University  of  Glasgow  and  in  1780  founded  the 
Society  of  Scottish  Antiquaries.  He  published 
'An  Account  of  the  Life,  Writings  and  Inven- 
tions of  Napier  of  Merchiston'  (1787)  ;  'Essays 
on  the  Lives  of  Fletcher  of  Saltoun  and  the 
Poet  Thomson'  (1792)  ;  'Anonymous  and  Fugi- 
tive Essays'  (1812). 

ERSKINE,  Ebenezer,  Scottish  clergyman 
and  founder  of  the  Secession  Church  in  Scot- 
land:  b.  Dryburgh,  Berwickshire,  22  June  1680; 
d.  Stirling,  2  June  1754.  He  was  ordained  to 
the  parish  of  Portmoak,  Kinrosshirc,  in  1703, 
in  which  charge  he  remained  28  years,  when  he 
was  translated  to  Stirling  (1731).  His  attitude 
during  the  "Marrow*  controversy  as  well  as 
his  opposition  to  the  system  of  patronage  in  the 
Church,  led  to  a  sentence  equal  to  deposition 
being  passed  in  1733.  which  was  recalled  in  the 
following  year;  in  1733  he  with  a  few  others 
made  a  formal  act  of  secession;  in  1737  he  was 
joined  bv  his  brother.  Ralph  (qv.)  ;  but  it  was 
not  till  1740  that  he  was  finally  deposed  from 
the  ministry*  aid  his  church  closed  to  him. 
The  Secession  Church  was  split  in  twain  in  1747 
on  the  question  of  subscription  to  the  civic  oath 
then  taken  by  the  burgesses  of  Edinburgh,  Glas- 
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gow  and  Perth,  those  who  maintained  its  law- 
fulness, led  by  the  Erskines,  being  called 
Burghers,  and  their  opponents  Anti-Burghers. 
So  keen  did  feeling  rise,  that  Erskine  was  for- 
mally deposed  from  the  ministry  by  the  Anti- 
Burghers.  The  breach  in  the  ranks  of  the  se- 
ceders  was  not  healed  until  1820.  Erskine  was 
the  author  of  several  volumes  of  sermons.  His 
'Life  and  Diary'  were  published  in  1845.  Con- 
sult his  'Life'  by  Kcr,  J.,  (1881);  and  Mac- 
Ewen,  "The  Erskines'  (1900). 

ERSKINE,  Henry,  Scottish  barrister:  b. 
Edinburgh,  1  Nov.  1/46;  d.  Almondell,  West 
Lothian,  8  Oct.  1817.  He  twice  held  the  office 
of  lord-advocate,  was  for  long  the  leader  of  the 
Scottish  bar  and  had  a  high  reputation  as  a 
wit. 

ERSKINE,  John  (of  Dun),  Scottish  re- 
former: b.  1509;  d.  1591.  He  came  of  a  noble 
family  of  which  several  members  perished  at 
the  battle  of  Flodden  Field  His  early  educa- 
tion was  gained  at  King's  College,  Aberdeen. 
Having  accidentally  killed  a  priest  his  family 
sent  him  abroad  to  complete  his  education.  On 
his  return  he  introduced  the  study  of  Greek 
into  Scotland.  That  he  was  one  of  the  earliest 
supporters  of  John  Knox  is  gathered  from  the 
fact  that  he  was  one  of  the  signers  of  the  first 
covenant  of  the  Scottish  reformers.  He  at- 
tended the  marriage  of  Queen  Mary  in  France 
as  one  of  the  special  commissioners  appointed 
for  this  purpose.  Later  Erskine  assumed  the 
role  of  mediator  between  Knox  and  the  Queen. 
He  was  one  of  the  compilers  of  'The  Second 
Book  of  Discipline'  (1578). 

ERSKINE,  John,  of  Carnock,  afterward 
of  Cardross,  Scottish  jurist:  b.  1695;  d.  near 
Dumbarton,  1  March  1768.  He  was  called  to  the 
Scotch  bar  in  1719,  was  professor  of  Scots  law 
in  the  University  of  Edinburgh,  1737-65,  and 
was  author  of  'Principles  of  the  Law  of  Scot- 
land' (1754),  and  the  'Institutes  of  the  Law  of 
Scotland'  (1773),  both  authorities. 

ERSKINE,  John,  Scottish  theologian:  b. 
Edinburgh,  2  June  1721;  d.  there,  19  Jan.  1803. 
He  was  educated  at  the  University  of  Edin- 
burgh and  at  22  received  his  license  to  preach. 
In  1744  he  was  ordained  minister  of  Kirkin- 
tilloch, where  he  remained  nine  years,  when  he 
removed  to  Culross  parish  in  Dunfermline 
presbytery.  Five  years  later  he  removed  to 
New  Greyfriars,  Edinburgh,  and  in  1767  to  Old 
Greyfriars.  He  was  for  many  years  the  leader 
of  the  evangelical  party.  He  wrote  many  ser- 
mons and  pamphlets  of  a  theological  nature. 
Consult  Wellwood,  'Life  of  John  Erskine' 
(Edinburgh  1818). 

ERSKINE,  John,  American  educator:  b. 
New  York,  5  Oct.  1879.  He  was  graduated 
at  Columbia  University  in  1900,  and  in  1909  be- 
came associate  professor  of  English  there.  In 
1903-09  he  had  served  successively  as  instructor 
and  associate  professor  of  English  at  Amherst 
College.  He  has  published  'The  Elizabethan 
Lvric'  (1903)  ;  'Selections  from  the  Faerie 
Qucene'  (1905)  ;  Actseon  and  Other  Poems' 
(1907);  'Leading  American  Novelists'  (1910); 
'Written  English.'  with  Helen  Erskine  (1910. 
rev.  ed.,  1913):  'Selections  from  the  Idvlls  of 
the  King'  (1912);  'Poems  of  Wordsworth, 
Shelley  and  Keats, >  with  W.  P.  Trent  (1914). 
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He  has  edited  'Contemporary  War  Poems' 
(1914);  'The  Moral  Obligation  to  be  Intelli- 
gent and  Other  Essays'  (1915);  'Interpreta- 
tions of  Literature  by  Lafcadio  Hcarn'  (1915). 
He  has  contributed  also  to  magazines  and  to 
the  'Encyclopedia  Americana.' 

ERSKINE,  Ralph,  Scottish  seceder:  b. 
15  March  1685;  d.  Dumfermlin,  6  Nov.  1752. 
He  was  a  brother  of  Ebenezer  Erskine  (q.v.), 
He  was  ordained  to  the  collegiate  charge  of 
Dunfermline  in  1711,  and  in  1737  joined  his 
brother,  who  had  seceded  from  the  Established 
Church.  His  'Gospel  Sonnets'  and  other  reli- 
gious works  were  once  very  popular. 

ERSKINE,  Thomas,  Baron  Erskine, 
Scottish  jurist:  b.  Edinburgh,  21  Jan.  1750;  d. 
Almondell,  West  Lothian,  17  Nov.  1823.  First 
in  the  navy  and  then  in  the  army,  he  finally 
decided  on  a  legal  career  at  the  suggestion  of 
Lord  Mansfield.  He  became  a  noted  forensic 
orator  and  jurist,  attaining  early  renown  as  a 
pleader  in  support  of  the  accusations  of  cor- 
ruption made  against  Lord  Sandwich;  later  he 
added  to  his  success  by  his  defense  of  Stock- 
dale,  Lord  George  Gordon,  Hardy,  Thomas 
Paine,  Home  Tooke  and  others.  Some  of  his 
greatest  successes  were  obtained  in  combating 
the  doctrine  of  constructive  treason,  by  which 
it  was  sought  to  make  persons  who  aimed  at 
effecting  a  change  in  the  sovereign's  constitu- 
tional character  and  position  guilty  of  the  cap- 
ital offense  of  "compassing  the  king's  death." 
His  acceptance  of  a  brief  for  Tom  Pajne  re- 
sulted in  his  dismissal  from  the  office  of  attor- 
ney-general to  the  Prince  of  Wales.  He  was 
a  member  of  the  House  of  Commons  in  1790- 
1806,  but  achieved  no  success  there.  He  was 
created  Baron  Erskine  of  Restormel,  on  becom- 
ing lord  chancellor  in  1806,  holding  office  till 
the  following  year. 

ERSKINE,  Thomas,  Scottish  theological 
writer:  b.  Edinburgh.  1788;  d.  1870  He 
studied  law  at  the  University  of  Edinburgh  and 
practised  this  profession  from  1810  to  1816, 
when  he  abandoned  it  for  the  literary  field. 
Many  of  his  views  in  matters  of  theology  were 
unorthodox,  such  was  especially  the  case  with 
his  theories  of  the  atonement  and  universal 
restoration.  He  propounded  his  views  so  skil- 
fully, however,  that  they  impressed  a  great  num- 
ber very  favorably.  He  was  expelled  from  the 
Kirk  in  1831  because  of  his  heterodoxy.  His 
writings  include  'Remarks  on  the  Internal  Evi- 
dence of  the  Truth  of  Revealed  Religion'  (10th 
ed..  1878)  :  'The  Unconditional  Freedom  of  the 
Gospel'  (1828);  'The  Doctrine  of  Election' 
(1837  ;  2d  cd..  1878)  ;  'Spiritual  Order  and  Other 
Papers'  (1871).  Consult  his  'Letters,'  edited 
by  William  Hanna  (1877). 

ERTEL,  ar'tel.  Jean  Paul,  German  com- 
poser :  t>.  Poscn,  186s.  He  studied  composition 
under  E.  Tauwitz  and  piano  under  Liszt  and 
Brassin.  He  is  teacher  at  the  Brandenburg  Con- 
servatory, Berlin,  and  musical  critic  of  a  Berlin 
newspaper.  He  collaborated  on  various  publi- 
cations and  edited  the  Dmtschc  Munkerzcxtuna 
1897-1905.  His  compositions  include  the  sym- 
phonies 'Harald.1  'Maria  Stuart,'  <Dcr 
Mcnsch,'  'Belsazar,'  'Pompeii';  besides  several 
concertos  and  ballads. 

ERUPTION,  a  term  applied  to  a  local 
disturbance  in  the  skin  characterized  by  the  for- 
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mation  of  redness  or  scaliness,  blistering  or 
pustulation.  In  one  class  of  affections,  known 
as  the  eruptive  fevers,  a  characteristic  form  of 
skin-eruption  is  diagnostic  Thus  the  fine  red 
rash  of  scarlet  fever,  the  bluish  red  rash  of 
measles,  the  irregular  rash  of  chickenpox  and 
the  pustulate  rash  of  smallpox  are  readily  recog- 
nized. The  popular  notion  that  an  eruption  is 
an  indication  of  something  evil  within  the  body 
finding  its  way  out  belongs  to  the  mediaeval  days 
of  superstition  and  ignorance,  when  disease  was 
regarded  as  an  evil  spirit  to  be  exorcised,  and 
gave  notice  of  its  evacuation  by  means  of  an 
eruption  on  the  skin.  At  the  present  time  we 
know  that  most  eruptions  are  cither  of  purely 
local  occurrence,  due  to  localized  irritants,  as 
in  the  case  of  pimples,  boils,  etc.,  or  that  they 
represent  a  disturbance  of  the  nerve-centres, 
whose  end-filaments  are  distributed  to  the  epi- 
thelial structures  of  the  body.  Thus  in  measles, 
not  only  the  skin,  but  also  the  mucous  mem- 
branes of  the  respiratory  tract  are  affected,  the 
poison  affecting  the  nerve-structures  being  evi- 
denced by  nerve-irritation  at  the  periphery  of 
the  body.  The  popular  idea  that  it  is  necessary 
to  bring  an  eruption  out  in  acute  infectious 
diseases  such  as  measles  and  scarlet  fever  is 
trustworthy,  but  an  interpretation  is  frequently 
given  to  it  that  is  not  sound.  The  presence  of 
an  eruption  on  the  surface  of  the  body  in  these 
affections  is  an  indication  of  the  protective  ener- 
gies of  the  human  organism  in  its  fight  with 
the  infection  and  poisoning.  The  inability  of 
the  body  to  counteract  the  poison  of  the  disease 
may  prevent  the  development  of  the  eruption, 
and  thus  its  bringing  out,  being  the  sign  of  the 
body's  ability  successfully  to  cope  with  the 
poison,  is  the  warrant  for  the  popular  idea  of 
the  efficiency  of  the  eruption.  Many  drugs 
locally  applied,  or  taken  internally,  cause  the 
formation  of  eruptions.  These  eruptions  may 
be  due  to  purely  nervous  influences,  or  they  may 
be  of  local  origin.  Drug-eruptions  following 
the  use  of  the  iodides  andbromides  are  of  this 
latter  character.  As  the  drug  is  eliminated 
through  the  skin,  its  passage  there  causes  local 
irritation  and  the  formation  of  an  eruption.  See 
Dermatitis;  Measles;  Skin  and  Skin  Dis- 
eases. 

ERUPTIVE  ROCKS.  See  Igneous  Rocks. 

BR  WIN  VON  STEINBACH,  f6n  stln'- 
baii,  German  architect:  b.  Steinbach,  Baden;  d. 
17  Jan.  1318.  The  principal  tower  of  the  cathe- 
dral of  Strassburg  had  been  completed  in  the 
7th  century.  It  was  partly  built  of  wood  and 
was  reduced  to  ruins  by  lightning  and  successive 
fires.  The  nave,  begun  in  1015,  was  only  com- 
pleted in  1275.  Erwin  was  then  requested  to 
furnish  designs  for  the  decoration  of  the  in- 
terior of  the  church  and  for  the  construc- 
tion of  two  new  towers  and  a  facade  upon  the 
site  of  the  ruins  of  the  old  tower.  The  founda- 
tion stone  of  the  new  structure  was  laid  25  May 
1277.  The  architect  died  when  the  work  was 
only  half  finished.  It  was  continued  by  his  son 
Johannes  (d.  18  March  1339),  and  subse- 
quently continued  chiefly  after  his  designs,  still 
preserved  at  Strassburg.  His  daughter  Sabina 
assisted  him  in  the  decoration  of  the  interior 
of  the  church;  and  another  of  his  sons.  Win- 
ning (d.  1330).  was  also  an  architect  of  some 
distinction.  The  remains  of  this  family  of 
architects  are  interred  within  the  cathedral. 


Digitized  by  Google 


ERXLEBEN - 

ERXLEBEN,  arksla-ben,  Johann  Chris- 
tian, German  naturalist:  b.  Quedlinburg,  1744; 
d.  1777.  He  was  educated  at  the  University  of 
Gottingcn  and  in  1771  was  appointed  professor 
of  natural  philosophy  there.  He  published 
^ufangsgnindc  der  Naturgeschichic*  (4th  ed., 
1791)  and  <  Aufangsgnindc  der  Naturlehre* 
(8th  ed,  1794).  Erxleben's  mother,  Dorothea 
Christine  Erxleben,  was  the  first  woman  to  ob- 
tain the  degree  of  M.I),  in  Germany. 

ERYMANTHUS,  in  ancient  geography,  a 
river  (now  called  Douana)  and  mountain  (now 
Olonos)  of  Arcadia,  in  Greece.  The  river,  ac- 
cording to  some  the  modern  Dimitzana,  rises 
on  the  frontiers  of  Arcadia  and  Elis,  and  flows 
into  the  Alphcus.  The  mountain,  situated  to 
the  east  of  the  river,  formed  the  western  point 
of  the  northern  barrier  of  Arcadia,  and  was 
covered  with  forests.  It  was  in  this  mountain 
that  Hercules  chased  and  killed  the  famous  wild 
boar. 

ERYNGIUM,  f-rln'jT-um,  a  genus  of  plants 
of  the  parsley  family  (Apiacea).  The  generic 
name  from  the  Greek  refers  to  their  thistle-like 
appearance.    There  arc  about  220  species  in  the 

Eenus,  of  which  about  22  arc  found  in  America, 
[attclcsnake-master,  or  button-snakeroot  (£. 
aquaticum)  grows  in  wet  soil  and  in  the  pine- 
bar  rens,  from  New  Jersey  south  to  Florida  and 
west  of  Texas,  Missouri  and  Minnesota.  Its 
common  names  arc  given  to  it  because  of  its 
supposed  efficacy  as  an  antidote  to  the  venom  of 
snakes.  A  number  of  species  are  cultivated,  both 
on  account  of  the  steel-blue  color  of  the  stem 
and  branches,  and  of  the  unusual  manner  of 
growth.  Eryngo  (E.  maritimum) ,  sea  holly,  is 
a  native  of  Europe.  It  frequents  sandy  shores, 
and  is  distinguished  by  its  rigid,  spiny,  glaucous, 
veined  leaves  and  its  dense  heads  of  blue 
flowers.  The  roots  are  sometimes  candied,  and 
are  reputed  to  be  stimulating  and  restorative. 
Falstaff  speaks  of  its  use  as  a  confection  and 
its  aphrodisi.-fc  qualities,  either  real  or  supposed, 
are  mentioned  by  dramatists  from  Jonson  to 
Prior. 

ERYON,  a  fossil  crustacean  found  in  the 
rocks  of  the  Mesozoic  period  in  Europe.  Six 
species  have  been  identified  of  which  E.  pro- 
pinquus  is  the  best  known.   Consult  Crustacea  ; 

Fossils. 

ERYOPS,  a  genus  of  fossil  amphibians  of 
the  Pcmican  rocks  of  Texas,  which  is  of  great 
interest  as  the  ancestor  of  the  extension  order 
of  labyrinth-odonts,  according  to  the  latest 
general  opinion.  Several  species  have  been  de- 
scribed, of  which  the  best  known  (E.  meqa- 
cepltalus)  was  six  to  eight  feet  in  total  length. 
It  was  sluggish,  a  water-and-*hore  living  animal, 
in  form  something  like  a  Californian  horned 
toad  and  crept  about  on  legs  so  short  as  hardly 
to  lift  its  belly  off  the  mud.  Its  skull  was  en- 
tirely encased  in  bone,  save  small  holes  for 
nostrils  and  eyes,  and  showed  no  sutures.  The 
feet  were  broad  and  spreading  and  the  tail  short 
and  contracted  into  a  terminal  pointed  coccyx. 
Its  ribs  did  not  encircle  the  body,  and  it 
'probably  swallowed  air  like  a  frog.*  "This 
animal,"  says  Osborn,  may  be  regarded  as  a 
collateral  ancestor  of  the  labyrinthodonts ;  it 
belongs  to  a  type  that  spread  all  over  Europe 
and  North  America,  and  persisted  into  the 
Mctopias  of  the   Triassic.     Consult  Osborn, 
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*  Origin  and  Evolution  of  Life>  (New  York 
1917);  Gadow,  'Amphibia  and  Reptiles'  (New- 
York  1901);  Woodward,  'Guide  to  Fossil 
Reptiles  >    (in   the   British   Museum,  London 

ERYSICHTHON,  er-i-slk'thon.  son  of 
King  Triopas,  and  himself  a  legendary  king 
of  Thessaly.  He  cut  down  trees  in  a  sacred 
grove  and  he  was  cursed  by  Demcter  with  such 
unsatisfiablc  hunger  that  he  devoured  his  own 
flesh.  He  is  said  to  have  repeatedly  sold  his 
own  daughter;  but  each  time  she  returned  to 
him.  She  had  received  from  Poseidon  the 
power  of  self-transformation. 

ERYSIMUM,  e-risl-mum,  a  genus  of 
plants  of  the  family  Brassicacece,  chiefly  bien- 
nials, with  narrow  entire  leaves,  and  yellow, 
often  fragrant,  flowers.  There  are  about  85 
species,  natives  of  northern,  temperate  and  cold 
countries.  E.  cheiranthoides,  a  native  of 
Europe,  with  small  yellow  flowers,  is  found  in 
waste  places,  along  streams,  and  in  fields  from 
southern  New  England  to  Newfoundland,  and 
westward  to  the  Pacific  coast. 

ERYSIPELAS,  an  acute  infectious  disease 
of  the  skin  and  subcutaneous  structures  caused 
by  a  streptococcus.  Whether  the  Streptococcus 
erysipeloids  of  Fchleiscn,  or  the  Streptococcus 
pyogenes  is  considered  the  causative  factor  or 
not,  the  fact  remains  that  bacteriologicallv  it  is 
probable  that  these  two  forms  of  bacteria  are 
identical.  The  reaction  of  the  tissues  to  the 
streptococcus  and  its  poisons  causes  the  acute 
inflammation  with  redness,  puffincss  and  some- 
times gangrene.  This  local  swelling  is  attended 
with  fever,  headache,  general  constitutional 
symptoms,  nausea,  vomiting,  and  at  times  with 
toxic  delirium.  Occasionally  the  streptococcus 
wanders  into  the  blood-stfeam,  and  general 
septicemia  or  pyemia  results.  At  other  times 
a  streptococcic  invasion  of  the  joints  produces 
an  acute  rheumatism  with  secondary  heart  com- 
plications. Erysipelas  may  affect  any  part  of 
the  body,  but  is  very  frequently  over  the  face 
and  head.  It  is  extremely  contagious,  the 
organism  finding  entrance  through  minute 
wounds.  Patients  who  have  had  recent  ery- 
sipelas should  on  no  account  be  allowed  to  come 
anywhere  near  women  in  childbirth,  as  puer- 
peral fever  may  result.  The  treatment  of  ery- 
sipelas is  by  means  of  tonic  —  iron  and  quinine 
being  favorites — nutritious  and  easily  assimilable 
diet,  milk,  cod-liver  oil  and  some  form  of  al- 
cohol. In  those  patients  in  whom  abscess  for- 
mation occurs,  prompt  surgical  cvaeution  is 
imperative.  Local  treatment  by  ichthyol  and 
similar  antiseptics  is  widely  employed  with 
some  benefit. 

ERYSIPHACE.35.   Sec  Mildew. 
ERYTHEMA.  See  Dermatitis. 
ERYTHIA.   Sec  Hespekipes. 

ERYTHR^AN  (erl-thre'an)  SEA,  in 
ancient  geography  a  name  given  to  what  is  now 
called  the  Indian  Ocean,  but  including  the  Per- 
sian and  Arabian  gulfs.  The  name  was  lat- 
terly restricted  to  the  Arabian  Gulf. 

ERYTHRIC  ACID,  a  white,  crystalline, 
tasteless  and  odorless  powder,  readily  soluble 
in  alkalis  and  alcohol  obtained  from  iichens. 

ERYTHRINA.   Sec  Coral-tree. 
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ERYTHRITE,  or  "cobalt  bloom,"  a  native 
hydrous  cobalt  arsenate.  It  has  a  beautiful 
peach-blossom  red  color,  whence  its  name  from 
the  Greek,  crythros,  red.  It  occurs  in  mono- 
clinic  crystals,  but  more  commonly  in  globular 
or  stellate  masses  or  earthy.  It  occurs  at 
Schnecberg,  Saxony ;  in  Cornwall,  England ;  in 
Chile,  and  in  some  parts  of  the  United  States. 

ERYTHRONIUM,  a  genus  of  small  plants 
of  the  lily  family,  common  in  damp,  shady 
woods,  of  which  a  well-known  and  widespread 
species  (E.  americanum)  in  the  United  States, 
is  the  "dog-tooth  violet"  or  "adder's  tongue" — 
both  unfortunate  names.  It  is  among  the  ear- 
liest of  spring  flowers,  appearing  as  two  radical 
leaves,  usually  handsomely  mottled,  between 
which  rises  a  slender,  naked  stem  (scape)  three 
to  four  inches  high,  bearing  a  single  bell-shaped 
flower  of  six  distinct  lanceolate  segments,  pale 
yellow,  often  spotted  near  the  base.  About  a 
dozen  other  species  are  known  in  the  United 
States,  some  bearing  several  flowers  on  the 
scape,  and  of  various  tints,  as  purple,  rose-color, 
or  pinkish  white. 

ERYTHROPLCEUM,  e-rith-rd-ple'um.  a 
genus  of  tropical  trees,  of  the  pea  family,  con- 
taining five  species,  found  in  Africa,  Asia  and 
Australia.  E.  guineense  of  Africa  has  a 
poisonous  red  juice,  which  is  xiscd  by  the  natives 
as  a  test  of  innocetice  or  guilt,  and  hence  the 
name  ordeal-tree.  The  natives  of  Guinea  and 
the  Gold  Coast  employ  the  same  juice  to  poison 
the  points  of  their  arrows. 

ERYTHROSIN.  See  Coal-Tar  Products. 

ERYTHROXYLON.  a  genus  of  plants  of 
the  family  Erythroxylacea.  The  genus  con- 
tains about  90  species,  composed  almost  exclu- 
sively of  trees  and  shrubs  growing  in  tropical 
regions.  The  flowers  are  small  and  lack  color ; 
the  fruit  is  a  drupe.  The  red  dyewood  of 
Brazil  is  E.  suberosum,  and  the  oil-wood  of 
Mauritius  is  E.  hypcricifolittm.  The  chief 
member  of  the  genus  and  family  is  E.  coca. 
Sec  Coca. 

ERYX,  e'nks,  ancient  name  of  a  city  and 
mountain  in  the  west  of  Sicily,  about  six  miles 
from  Drepanum  and  two  from  the  seacoast 
The  mountain,  now  Monte  San  Giuliano,  rises 
direct  from  the  plain,  unconnected  with  any 
other  range,  and  hence  possesses  a  much  greater 
altitude  in  appearance  than  in  reality,  its  height 
being  only  2,184  feel.  It  was  anciently  believed 
to  be  the  highest  mountain  in  the  island  after 
Etna,  and  is  frequently  alluded  to  by  Virgil  and 
other  poets.  On  the  summit  stood  a  celebrated 
temple  of  Venus,  from  which  the  goddess  re- 
ceived the  epithet  of  Venus  Ervcina.  All  traces 
of  the  ancient  town  of  Eryx  have  now  disap- 
peared, and  its  site  is  occvipied  by  the  modern 
town  of  San  Giuliano;  but  some  remain?  of  the 
temple  still  exist  in  part  of  the  substructure  of 
the  castle. 

ERZBERG,  art«-berg,  a  mountain  in  Styria. 
Austria,  near  the  town  of  Eisenerz.  It  rises 
about  5.000  feet  above  sea-level.  It  has  valu- 
able deposits  of  iron  ore,  reaching  as  high  as 
40  per  cent  metal,  which  is  taken  out  annually 
to  the  amount  of  over  1.000,000  tons.  Ara- 
gonitc  is  also  found  in  considerable  quantity. 

ERZERUM.  erz'room,  ERZEROUM,  or 
ERZEROOM,  Turkey,  a  city  of  Armenia,  and, 


-ERZINGAN 

since  the  annexation  of  Kars  by  Russia,  the 
chief  strategical  centre  and  place  of  resistance 
to  a  Russian  advance,  about  100  miles  south- 
west of  Trebizoud.  Its  fortifications  have  been 
repaired  and  much  improved  since  1864.  The 
inhabitants  consist  of  Turks,  Armenians  and 
Persians  and  are  very  industrious ;  and,  in  addi- 
tion to  important  manufacture,  especially  in  cop- 
per and  iron,  carry  on  a  very  extensive  trade. 
This  is  greatly  favored  by  the  position  of  the 
town,  standing  at  the  junction  of  several  im- 
portant roads  leading  from  Transcaucasia  by 
way  of  Trcbizond,  and  communicating  with  dif- 
ferent parts  of  Asia  Minor,  with  Persia,  Kur- 
distan, Mesopotamia,  etc  Erzerum  is  a  place 
of  great  antiquity.  Anatolius,  commander  of 
the  Emperor  Thcodosius  II,  here  built  the  cit- 
adel of  Thcodostopolis,  northwest  of  the  open 
Syro-Armcnian  trading  town  of  Arscn.  On  the 
destruction  of  this  town  by  the  Scljuks,  in 
1049,  the  inhabitants  removed  to  Theodosiopo- 
lis,  which  received  from  them  the  name  of 
Arscn-er-Rum,  that  is,  Arsen  of  the  Romans. 
Hence  the  modem  name  Erzerum.  In  1241  it 
fell  into  the  hands  of  the  Mongols,  and  in  1517 
into  those  of  the  Turks,  notwithstanding  whose 
mismanagement  it  continued  to  be  the  most 
important  commercial  emporium  of  the  Arme- 
nian plateau,  and  had  a  population  of  100,000. 
In  1829  it  was  taken  by  the  Russians,  but  was 
restored  to  Turkey  by  the  Peace  of  Adrianople. 
Many  of  the  inhabitants,  however,  quitted  the 
town  and  settled  in  the  Russian  territory.  In 
the  winter  of  1877  it  was  besieged  by  the  Rus- 
sians, who  reduced  the  defenders  by  famine, 
until  in  February  1878  it  was  surrendered,  and 
held  by  the  Russians  for  several  months.  It 
was  again,  however,  restored  to  the  Turks.  In 
the  European  War  Erzerum  fell  a  prize  to  the 
armies  of  the  Grand  Duke  Nicolas  on  16  Feb. 
1916,  after  an  assault  lasting  five  days.  Turk- 
ish prisoners  to  the  number  of  13.000  were 
taken  and  323  pieces  of  cannoa.  Sec  War, 
European. 

ERZGEBIRGE,  arts'ge-t>cr-ge  (German. 
Ore  Mountains),  a  range  of  low  mountains 
about  100  miles  long  on  the  boundary  between 
Saxony  and  Bohemia.  It  is  about  25  miles 
wide,  and  has  an  average  elevation  of  2.500 
feet  and  a  maximum  of  4,060  (Mount  Kcil- 
bcrg).  On  its  sides  are  extensive  forests, 
among  which  arc  many  summer  resorts.  Like 
the  Blue  Ridge  Mountains  in  the  United  States 
and  the  Highlands  of  Scotland,  they  are  an 
ancient  range,  worn  down  and  again  uplifted. 
As  the  name  implies,  the  Erzgebirgc  contain 
valuable  deposits  of  minerals  and  form  an  old 
mining  region.  Silver  ores  were  mined  there 
as  long  ago  as  1150  and  mines  of  lead,  copper, 
tin,  cobalt,  nickel  and  iron  ore  have  also  been 
sunk  there. 

ERZINGAN,  er'zlng-an,  Turkey  in  Asia, 
town  and  capital  of  a  sanjak  in  the  vilayet  of 
Erzerum,  85  miles  south  of  Erzerum.  It  is 
situated  in  a  plain  at  3,900  feet  above  sea-level 
and  is  of  importance  as  a  garrison  town.  It  has 
a  military  hospital,  large  barracks,  government 
buildings,  a  mosque,  a  bazaar,  an  Armenian 
normal  school,  and  other  Armenian  schools.  It 
has  manufacture:*  of  cotton,  canvas,  silk,  copper 
and  clothing.  The  government  maintains 
several  tanneries  in  the  neighborhood.  In  1784 
most  of  the  place  was  destroyed  by  an  earth- 
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quake.  In  ancient  times  it  was  called  Arsinga. 
Pop.  18,000.  about  equally  divided  between 
Armenian  Christians  and  Mohammedans. 

ESARH  ADDON,  king  of  Assyria  and  son 
of  Sennacherib.  He  reigned  from  681  to  668  b.c. 
When  his  father  was  slain  by  his  brothers, 
Esarhaddon  proclaimed  himself  governor  of 
Babylonia  and  set  about  avenging  his  father's 
death.  Within  a  vear  he  succeeded  in  having 
himself  acknowledged  king  of  Assyria.  He 
conducted  several  campaigns  against  foreign 
enemies,  first  against  the  Chaldacans,  capturing 
Sidon  and  razing  that  city.  In  673-670  b.c.  he 
made  two  campaigns  in  which  he  brought  Kgypt 
under  his  yoke.  He  died  while  on  the  way  to 
repress  an  insurrection  in  Egypt  in  668  B.C.  He 
designated  Assurbanipal  as  king  of  Assyria.  He 
did  much  for  the  rebuilding  of  Babylon  and 
planned  many  great  building  enterprises.  His 
liberality  has  caused  him  to  be  considered  one 
of  the  most  beneficent  kings  of  Assyria. 

ESAU,  the  eldest  son  of  Isaac,  and  twin 
brother  of  Jacob  (Gen.  xxv,  24-26).  His  name 
(which  signifies  rough,  hairy)  was  due  to  his 
singular  appearance  at  birth,  being  "red,  and  all 
over  like  a  hairy  garment."  The  struggle  for 
precedence  between  the  brothers  was  fore- 
shadowed the  moment  of  their  first  appearance 
in  the  world.  Esau,  the  father's  favorite,  be- 
came a  cunning  hunter;  Jacob,  the  favorite  of 
the  mother,  became  a  peaceful  shepherd.  One 
day,  as  Esau  returned  famished  from  the  chase, 
he  found  his  brother  preparing  some  lentil  pot- 
tage, and  asked  for  a  share  of  it.  Jacob,  taking 
advantage  of  his  brother's  distress,  offered  him 
the  pottage  if  he  would  give  up  his  birthright. 
Although  this  meant  yielding  up  the  headship 
of  the  tribe  and  the  greater  share  of  the  family 
property,  Esau  nevertheless  consented.  He  was 
named  Edom  (red)  in  consequence,  from  the 
color  of  the  pottage;  and  the  name  was  given 
to  the  land  he  settled  in.  The  next  episode  in 
his  history  is  when  Jacob,  instigated  by  his 
mother,  personated  Esau,  and  succeeded  in  get- 
ting his  father's  covenant  blessing.  The  in- 
dignation of  Esau  at  the  base  trick  was  natural ; 
and  Rebekah  sent  Jacob  out  of  the  way  for  a 
time,  to  escape  his  brother's  vengeance.  On  his 
return  from  a  protracted  stay  Jacob  succeeded 
in  mollifying  Esau  by  presents  and  flattery. 
After  a  subsequent  meeting  of  the  brothers,  on 
the  death  of  their  father,  we  hear  no  more  of 
Esau. 

Many  biblical  scholars  are  inclined  to  look 
upon  this  story  of  Esau  and  Jacob  as  symbolical 
of  the  relationship  existing  between  the 
Israelites  and  the  Euomites.  The  characteristics 
of  the  former  are  well  represented  by  Jacob  and 
those  of  the  latter  by  Esau.  Edom,  which  was 
older  than  Israel,  was  subjected  by  David.  See 
Edom. 

ESBJERG,  esfyerg,  Denmark,  seaport,  56 
miles  west  of  Frcdericia,  with  a  large  export 
trade  in  cattle  and  dairy  products,  mostly  to 
England.  Its  harbor,  the  only  one  of  importance 
on  the  west  coast  of  Jutland,  was  constructed 
by  the  state  at  great  expense  in  1868-74 ;  and  in 
1887  an  annual  subsidy  was  granted  bv  govern- 
ment for  steam  communication  with  Great 
Britain.  A  submarine  cable  connects  with 
Calais.    Top.  18.208. 

ESCALADE,  cs-ka-ladd',  in  war.  a  furious 
attack  of  a  wall  or  a  rampart,"  carried  on  with 


ladders,  to  pass  the  ditch  or  mount  the  rampart, 
without  proceeding  in  form,  breaking  ground, 
or  carrying  on  regular  works  to  secure  the  men. 
Sec  War. 

ESCALANTE,  as-ka-lan'ta,  Juan,  Spanish 
soldier  and  explorer:  d.  1519.  He  accompanied 
Cortes  to  Mexico  and  by  the  latter  was  made 
high  constable  of  Villa  Rica  de  Vera  Cruz.  He 
destroyed,  on  order  of  Cortes,  the  fleet  which 
had  brought  the  Spaniards  from  Spain  and  with 
150  men,  remained  on  the  coast  while  Cortes 
marched  against  Mexico  City.  When  two  of 
his  company  were  assassinated  by  the  Indians 
Ebcalante  set  out  with  50  whites  and  thousands 
of  Indian  allies  to  make  reprisals  on  the  hostile 
tribes.  In  the  ensuing  battle  his  forces  were 
successful  but  he  and  seven  of  his  white  fol- 
lowers were  slain. 

ESCALATOR,  the  name  applied  to  a  con- 
tinuous carrier  designed  for  conveying  pas- 
sengers from  one  level  to  another  within  a 
limited  time.  The  various  units  making  up  the 
escalator  are  so  arranged  that  on  the  incline 
they  present  the  familiar  zigzag  appearance  of 
an  ordinary  stairway,  and  may  be  used  as  such. 
The  escalator  consists  of  an  endless  series  of 
steps  connected  together  by  a  heavy  sprocket 
chain  which,  at  the  proper  place,  engages  with 
the  driving  sprocket  wheel.  Each  step  is  es- 
sentially a  four-wheel  truck,  bolted  to  a  shaft, 
which,  in  turn,  is  connected  to  the  links  of  the 
driving  chain.  There  are  two  wheels  at  each 
end  of  the  truck  traveling  on  separate  tracks, 
so  placed  that  the  steps  remain  horizontal  at  all 
points  of  the  ascent.  At  the  landing,  at  the  top 
and  the  bottom  of  the  escalator,  the  trucks 
travel  in  the  same  plane  so  that  the  steps  there 
become  a  moving  platform.  Ample  opportunity 
is  thus  given,  even  to  the  infirm,  to  board  the  de- 
vice before  the  ascent  begins  and  at  the  top  to 
step  off  again.  A  traveling  hand-rail  moving  at 
the  same  speed  as  the  steps  further  simplifies 
its  use.  Should  a  person  fail  for  any  reason  to 
step  off  at  the  upper  landing,  a  device  called  a 
shunt  removes  him  from  it.  This  consists  of  a 
box-like  affair,  triangular  in  plan,  placed  about 
10  feet  from  the  top  of  the  escalator  with  the 
apex  pointing  against  the  direction  of  the  mov- 
ing platform.  In  the  lower  part,  set  in  a  ver- 
tical position,  arc  two  belts  running  backwards 
from  the  apex.  Anything  coming  in  contact 
with  these  belts  is  gently  brushed  to  one  side. 
Every  part  of  the  escalator  is  made  to  microm- 
eter measurements  of  one  thousandth  of  an 
inch  by  special  machinery  designed  for  the  pur- 
pose. As  a  result  of  this  unusual  precision,  the 
various  steps  fit  together  so  nicely  that  a  piece 
of  paper  cannot  be  forced  between  them.  To 
secure  practically  noiseless  operation,  the  wheels 
on  which  the  trucks  move  arc  deadened,  raw- 
hide pinions  are  used  in  driving  gear, 
and  the  tracks  are  built  up  of  wood  and  steel. 
The  links  of  the  sprocket  chain  are  made  of 
two  18-inch  cast  steel  shrouds,  with  l'/S-inch 
steel  pins  between  them  at  3  inches  between 
centres.  The  ends  of  the  links  are  bushed  with 
phosphor-bronze  in  which  graphite  is  inlaid, 
thus  providing  lubrication  of  the  bearing  sur- 
faces, and  the  heels  are  similarly  provided  with 
a  constant  lubrication  of  graphite.  The  escala- 
tor is  driven  by  an  electric  motor  located  within 
the  structure  of  the  upper  landing  and  suitably 
geared  to  the  large  driving  sprocket  wheel  by  a 
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combination  of  worm  and  spur  gearing.  All 
parts  of  the  running  gear  are  made  of  crucible 
cast  steel,  the  axles  and  link  pins  being  of  cold 
drawn  steel.  Each  casting  is  subjected  to  a  test 
of  many  times  the  working-strain  to  come 
upon  it. 

While  there  are  no  mechanical  limitations 
to  the  rate  of  speed  with  which  the  escalator 
may  be  driven,  it  has  been  found  that  a  speed 
of  about  100  feet  per  minute  is  satisfactory  to 
the  public.  At  this  rate  of  driving,  4,000  steps 
per  hour  arrive  at  the  landing  and  the  maximum 
capacity  of  the  machine  depends  upon  the  width 
of  the  steps  used.  The  escalators  which  have 
been  installed  for  railroad  stations,  large  depart- 
ment stores  and  other  localities  where  a  large 
capacity  is  necessary,  have  been  a  little  over 
five  feet  in  width  and  as  each  step  readily  ac- 
commodates three  people  the  maximum  capacity 
of  such  a  construction  is  12,000  people  per  hour. 
For  the  smaller  department  stores  and  for  use 
in  railroad  stations  where  the  traffic  is  not  heavy 
the  escalator  is  made  of  such  width  as  to  ac- 
commodate one  person  on  each  step,  and  the 
capacity  is  therefore  4,000  per  hour.  It  should 
be  noted  that  the  escalator  is  a  perfectly  re- 
versible machine,  operating  equally  well  in  either 
direction.  In  the  "duplex"  type,  the  steps  dur- 
ing- the  descent  arc  again  guided  into  the 
familiar  zigzag  position  by  suitably  placed  tracks 
and  thus  the  same  machine  serves  to  carry  pas- 
sengers both  up  and  down.  In  a  third  modifica- 
tion of  the  device  designed  especially  for  the 
London  underground  railroad,  where  the  dif- 
ference between  levels  is  considerable,  the  steps 
ascend  in  one  spiral  and  descend  in  another 
spiral  below  the  first. 

ESCALOP,  or  SHELL,  an  heraldic  sym- 
bol used  to  signify  that  the  bearer  has  voyaged 
much  on  the  sea.    See  Heraldry. 

ESCANABA,  Mich.,  city  and  county-seat 
of  Delta  County,  on  Little  Bay  de  Nouquctte, 
an  inlet  of  Green  Bay ;  on  the  Chicago  and 
Northwestern,  and  the  Chicago,  Milwaukee  and 
Saint  Paul  railroads;  52  miles  northeast  of 
Marinette.  Owing  to  its  excellent  and  pic- 
turesque situation,  it  enjoys  considerable  repu- 
tation as  a  summer  resort.  The  harbor  has  an 
eight-mile  frontage  and  there  is  steamboat  con- 
nection with  several  lake  ports.  Much  of  the 
Lake  Superior  iron  ore  is  shipped  from  here. 
It  contains  eight  ore  docks,  in  which  are 
handled  over  4,000,000  tons  annually,  and  there' 
is,  moreover,  a  large  trade  in  coal,  fish  and  lum- 
ber. There  are  manufactories  of  flooring, 
furniture  and  wooden  ware,  a  plant  for  crush- 
ing iron  ore,  and  large  railroad  repair  shops. 
The  United  St3tes  census  of  manufactures  for 
1914  showed  within  the  city  limits  45  indus- 
trial establishments  of  factory  grade,  employing 
921  persons ;  777  being  wage-earners  receiving 
$469,000  annually  in  wages.  The  capital  in- 
vested aggregated  $1 ,354,000  and  the  year's  out- 
put was  valued  at  $1,507,000:  of  this,  $771,000 
was  the  value  added  by  manufacture.  The 
buildings  of  note  are  the  public  library,  hospital, 
high  school,  courthouse  and  city  hall.  The  city 
was  settled  in  1863,  and  was  incorporated  in 
1883  and  received  its  city  charter  in  the  same 
year.    Pop  14,747. 

ESCANDON,   Guillermo   de   Landa  y. 

Mexican  statesman :  b.  Mexico  City  He  was 
educated  in  Stonyhurst  University.  England  ;  was 
several  years  a  member  of  the  national  Senate, 


representing  the  states  of  Chihuahua  and  More- 
los:  from  1900-02  he  was  mayor  of  Mexico  City 
and  became  governor  of  the  Federal  District  in 
1903.  Under  his  administration  many  very  im- 
portant reforms  have  been  introduced  ana  car- 
ried to  successful  results,  among  them  the  re- 
striction or  practical  discontinuance  of  gam- 
bling; the  improvement  of  the  public  carriage 
service;  the  enactment  of  rules  restricting  the 
speed  of  automobiles;  the  protection  of  the 
peon  or  Indian  class ;  the  improvement  of  the 
prisons  of  the  capital  city  and  its  suburbs,  and 
aho  of  the  public  buildings  and  military  bar- 
racks; the  bettering  of  the  sanitary  condition  of 
the  correctional  schools,  the  theatres  and  other 
places  of  amusement,  and  of  the  entire  city; 
the  adoption  of  a  system  of  street  sweeping  and 
sprinkling;  the  placing  of  proper  restrictions  on 
the  sale  of  alcoholic  beverages,  etc. 

ESCAPE,  the  liberation  of  a  person  from 
lawful  custody  without  lawful  authority.  When 
accomplished  by  the  prisoner  it  is  known  as 
prison  breach,  but  if  accomplished  by  others 
and  with  force,  it  is  known  as  rescue.  Prison 
breach  with  force  is  a  felony,  but,  if  without 
force,  merely  a  misdemeanor.  In  most  modern 
jurisdictions  a  prisoner  who  effects  his  escape 
loses  all  commutation  of  sentence  earned  by 
him  in  any  manner  whatsoever.  His  aids  in 
the  escape,  or  even  attempt  to  escape,  are  guilty 
of  the  same  grade  of  crime  as  the  prisoner  and 
are  liable  to  the  same  punishment.  Officers  who 
voluntarily  permit  an  escape  are  considered  as 
aids  and  punished  as  such.  When  guilty 
merely  of  negligence  they  are  punished  for  a 
misdemeanor.    See  Criminal  Law. 

ESCAPEMENT,  a  part  of  the  machinery  in 
a  watch  or  clock.   See  Clock;  Watchmaking 

ESCARP,  or  SCARP,  the  slope  of  a  ditch 
next  the  parapet.  In  permanent  fortifications 
the  escarp  is  usually  faced  with  mason  work 
behind  which  are  erected  casemates.  See  For- 
tification. 

ESCARPMENT,  the  abrupt  descent,  which 
may  or  may  not  be  a  cliff,  from  a  plateau  to 
lower  land.  Particularly  famous  are  the  Hel- 
dcrberg  escarpment  near  Albany,  and  the  Niag- 
ara escarpment,  the  latter  responsible  for 
Niagara  Falls.  The  Allegheny  Front  is  an- 
other well-known  escarpment.  See  Mountains  ; 
Cliff. 

ESCARS.   See  Eskers. 

ESCAUT.  es-ko,  the  French  name  for  the 
river  Scheldt 

ESCHALOT.    See  Shallot. 

ESCHAR,  esTiar,  a  portion  of  dead  tissue, 
also  the  artificial  slough  produced  by  the  use  of 

caustics. 

ESCHATOLOGY.  The  teaching  in  re- 
gard to  the  last  things  (Greek  ta  e.tchata).  It 
deals  with  man's  condition  after  death,  the 
destiny  of  nations,  and  the  end  of  the  world. 
Speculation  concerning  the  fate  of  the  indi- 
vidual appears  to  have  started  in  a  very  early 
period  of  man's  career.  Archaeological  remains 
indicate  the  presenrc  of  certain  customs  al- 
ready in  the  paleolithic  age  which  seem  to  re- 
veal a  nascent  conception  of  survival  after 
death  The  disposal  of  the  lifeless  bodv  so  as 
to  provide  it  with  a  shelter,  the  pictorial  repre- 
sentation of  men  disguised  by  the  heads  of 
animals,  and  the  cremation  of  the  dead  scarcely 
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permit  any  other  interpretation.  Sepulture, 
even  in  its  simplest  form,  apparently  implies  the 
idea  of  something  within  man  that  may  be  tem- 
porarily absent  but  still  demands  a  measure  of 
sustenance  and  protection  for  the  body.  Ac- 
cording to  primitive  notions  among  peoples  sur- 
viving until  to-day  in  stone  age  conditions, 
some  of  those  that  once  lived  in  a  neighborhood 
and,  possessed  of  extraordinary  power,  created 
things  may  return  in  the  guise  of  totems  for 
the  increase  and  strengthening  of  the  tribe. 
The  desire  to  have  the  double  within,  whose 
existence  had  been  suggested  bv  many  an  ex- 
perience, united  with  the  element  of  fire,  for 
whose  permanent  possession  man  had  so  long 
struggled,  is  likely  to  have  given  rise  to  the 
incineration  of  the  body.  In  the  neolithic  age 
specially  constructed  tombs,  offerings  of  solid 
food  and  blood  to  the  dead,  and  other  customs 
testify  to  the  growing  belief  in  a  survival  de- 
pendent upon  such  ministrations.  It  is  prob- 
able that  the  satisfaction  of  immediate  needs, 
impulses,  and  passions  precluded,  in  these  re- 
mote ages,  any  serious  concern  about  the  future 
of  the  tribe,  while  the  nomadic  habits  which 
allowed  only  a  loose  attachment  to  any  partic- 
ular place  tended  to  prevent  a  local  catastrophe 
from  conjuring  up  the  thought  of  an  impend- 
ing destruction  of  the  whole  world. 

In  various  centres  the  earlv  civilizations  de- 
veloped along  different  lines  these  ideas  con- 
cerning the  future.  The  Egyptians  continued 
through  thousands  of  years  the  practices  of  the 
neolithic  age,  though  with  some  modifications. 
Tombs  were  differently  constructed,  bodies  were 
embalmed,  painted  food  was  substituted  for 
real,  the  mortuary  ritual  was  enriched,  but  the 
underlying  conception  remained  the  same.  Even 
when  the  Osirian  theology  gave  a  larger 
measure  of  independence  to  the  soul,  which  had 
to  appear  before  the  judges  in  the  nether  world, 
the  connection  with  the  entombed  body  was 
never  lost  in  popular  thought  In  periods  of 
foreign  invasion  and  social  disorder  the  need 
was  felt  of  some  guarantees  of  a  better  future. 
While  the  Prophecies  of  an  Egyptian  Sage  in 
a  papyrus  of  the  Middle  Kingdom  do  not  con- 
tain any  distinctly  predictive  clement,  there  is 
at  least  the  suggestion  of  eschatological  thought 
in  the  desire  tor  a  "shepherd  of  all  the  people, 
who  has  no  evil  in  his  heart."  The  freedom  of 
the  Nile  valley  from  any  devastating  natural 
catastrophes  was  not  conducive  to  ideas  of  an 
approaching  end  of  the  world.  Our  knowledge 
concerning  the  /Egean  and  Hittite  civilizations 
is  still  too  scanty  to  allow  any  definite  con- 
clusions on  these  points  except  such  as  may  be 
inferred  from  the  archaeological  remains.  The 
belief  in  a  survival  through  protection  and 
care  of  the  body  is  clearly  evidenced  by  tombs 
and  cultic  performances.  Whatever  ideas  the 
Greeks  may  have  brought  with  them  into  their 
new  home,  they  arc  likely  to  have  been  much 
influenced  at  the  outset  by  their  predecessors. 
In  the  Homeric  Age  it  was  thought  that  all 
souls  pass  at  death  to  a  shadowv  and  undesir- 
able existence  in  Hades,  unless  for  special  rea- 
sons a  hero  is  translated  to  dwell  with  the 
gods.  This  subterranean  realm  may  be  visited 
by  an  Odysseus  still  in  the  flesh.  Speculation 
upon  successive  ages,  symbolized  by  gold,  silver, 
copper  and  iron  appears  in  Hesiod,  together 
with  the  suggestion  that  the  process  of  de- 
generacy will  end  in  destruction  of  the  last 


race.  As  the  thought  of  a  moral  retribution 
beyond  the  grave  asserted  itself,  the  Orphic 
and  Eleusinian  mysteries  offered  to  the  initiated 
assurance  of  a  blessed  life  after  death  and  sal- 
vation from  future  punishments  adjusted  to 
the  crimes  committed.  Among  the  Pytha- 
goreans the  idea  of  transmigration,  probably 
of  Eastern  origin,  was  added  to  the  Orphic 
conceptions.  The  primitive  notion  seems  to  have 
been  that  at  death  the  soul  is  carried  hither 
and  thither  by  the  wind  until  it  enters  another 
body.  Plato  developed  this  eschatological  thought 
in  various  directions.  He  based  immortality 
upon  the  essential  nature  of  the  soul  as  an 
eternal  «idca»  existing  before  birth  and  sub- 
sisting after  death.  While  accepting  the  Orphic 
scheme  of  retribution,  he  emphasized  the  posi- 
tive value  and  moral  significance  of  life.  He 
adopted  the  idea  of  the  annus  magnus,  the  cos- 
mic year,  thus  anticipating  the  end  of  the 
present  world;  and  he  sought  the  realization  by 
practical  efforts  of  a  society  patterned  upon 
the  ideal,  always  limited,  however,  by  the  Greek 
conception  of  the  city-state.  Aristotle's  atti- 
tude towards  this  development  was  on  all  points 
negative  or  agnostic. 

In  Babylonia,  the  Sumerians  thought  of  the 
dead  as  going  to  a  land  below  the  earth  whence 
there  was  no  return,  though  some  semi-divine 
heroes,  like  Engidu  and  Enmeduranki,  might 
be  spared  the  common  lot  and  translated  to  be 
with  the  gods,  and  a  Gilgamcsh  n.ight  find  his 
way  thither.  Their  mythical  lore  and  astro- 
nomical observations  furnished  Akkadians, 
Amoritcs,  Aramaeans  and  Chaldaeans  with  ma- 
terial for  later  speculation.  But  even  these 
peoples  do  not  seem  to  have  developed  any  new 
type  of  thought  concerning  the  future  of  the 
individual.  While  the  growth  of  a  peculiar 
astrological  svstcm,  perhaps  already  in  the 
Kassitc  period,  may  here  and  there  nave  sug- 
gested the  idea  of  the  soul  rising  to  life  again, 
and  apparently  led  to  the  conception  of  the 
great  cosmic  year,  there  is  as  yet  no  unmis- 
takable evidence  either  that  the  inhabitants  of 
Babylonia,  Assyria  and  Mesopotamia  before 
the  Persian  period  became  deeply  concerned 
about  existence  after  death,  or  considered  in- 
tensely the  future  of  the  nation  beyond  some 
immediate  emergency,  or  transferred  the  myth- 
ical imagery  from  the  beginning  to  the  end 
of  the  world.  This  was  subsequently  done  in 
Syria.  But  even  there  the  Hebrew  writings 
reveal  for  long  periods  substantially  the  same 
ideas.  The  soul  passes  at  death  to  a  subter- 
ranean Shcol  where  there  is  no  moral  distinc- 
tion. Only  exceptionally  an  Enoch  or  Elijah 
mav  escape  the  universal  fate  and  be  translated. 
Bui  the  ethical  fervor  and  insight  of  the  great 
prophets,  men  like  Amos  and  Hosea,  Isaiah, 
Micah  and  Jeremiah,  brought  to  the  fore  a  con- 
ception of  the  nation  as  having  a  spiritual 
.  function,  independent  of  the  maintenance  of 
the  popular  religious  cult  and  the  changing 
fortunes  of  the  state.  The  extraordinary 
longevity  of  the  Davidic  dynasty  tended  to 
raise  the  expectation  of  a  return  of  political 
independence  and  power  under  a  scion  of  the 
old  line.  In  some  circles  the  thought,  so  touch- 
ingly  expressed  in  the  book  of  lob,  that,  from 
a  longing  for  the  work  of  his  hands,  the  Creator 
might  bring  man  back  again  from  Shcol  seems 
to  have  been  entertained,  though  the  author  of 
that  great  poem  resolutely  brushes  aside  this 
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•hope  of  man."  But  the  way  was  prepared  for 
a  new  growth  of  eschatology  through  contact 
with  Persian  thought. 

The  Aryans  of  the  Iranian  plateau  and  India 
followed  primitive  tendencies  into  different  di- 
rections. A  religious  practice  of  promptly  re- 
turning the  body  to  the  various  elements,  rather 
than  of  preserving  it,  in  connection  with  a  grow- 
ing demand  for  future  retribution,  seems  to  have 
led  the  former  to  the  view  that  the  body  would 
ultimately  be  restored  by  the  elements.  Al- 
though the  duty  of  exposing  the  dead  and  the 
doctrine  of  a  physical  resurrection,  so  stronjrlv 
insisted  upon  in  the  later  Avesta,  are  not  al- 
luded to  in  the  Gathas,  and  the  Achaemenian 
kings  were  buried,  it  is  probable  that  they  had 
long  been  maintained  in  certain  Mazdayasnian 
circles,  and  they  appear  to  have  been  known 
to  Herodotus  in  the  5th  and  Theopompus  in 
the  4th  century  B.C.  That  the  world  will  pass 
through  a  final  ordeal  by  fire  is  taught  in  the 
Gathas.  The  later  Avesta  divides  the  world- 
year,  not  according  to  the  precession  of  the 
equinoxes  into  25,868  years,  but  into  12  millen- 
nia, placing  the  advent  of  Zarathushtra  at  the 
end  of  the  9th,  that  of  the  Saoshyant,  or 
Savior,  who  will  raise  the  dead,  at  the  end  of 
the  12th.  In  India,  on  the  other  hand,  the 
doctrine  of  transmigration  became  strongly  en- 
trenched, while  a  tendency  toward  pantheism 
excluded  the  idea  of  a  creation  and  precluded 
the  growth  of  eschatology.  There  arc  no  last 
things  in  a  pantheistic  philosophy,  though  the 
infinite  stretches  of  divine  manifestation  may 
be  divided  into  kalpas,  yutjas,  or  epochs.  'Hie 
doctrine  of  metempsychosis  renders  it  possible 
to  introduce  in  the  future  life  of  the  individ- 
ual the  nicest  moral  adjustments,  implying  both 
rewards  and  punishments  in  terms  of  character, 
and  the  possibility  of  rising  and  sinking  in  the 
scale  of  being  according  to  present  conduct. 
But  this  never-ending  series  of  births  and 
deaths  may  come  to  be  felt  as  an  intolerable 
evil,  and  Buddhism  offered  deliverance  from 
the  infinite  wheel  of  existence  in  Nirvana.  It 
is  interesting  to  observe  that  the  Aryanized 
people  of  Northern  Europe  not  only  believed 
in  the  assembly  of  all  souls,  except  those  trans- 
lated to  be  with  the  gods,  in  Hel's  subter- 
ranean realm,  but  also  in  punishments  for  the 
wicked,  a  destruction  by  fire  of  earth's  crust, 
a  new  earth  people  by  the  descendants  of  the 
pure  children  Lit  and  Lifthraser,  and  a  new 
dynasty  of  gods.  The  practical  character  of 
the  Chinese  has  preserved  ancestor  worship, 
with  its  conservative  influence,  and  given  an 
ethical  rather  than  metaphysical  turn  to  phil- 
osophical thought,  discouraging  speculation 
about  the  future.  How  similar  ideas  may  grow 
up,  apparently  without  historical  contact,  from 
the  natural  operation  of  the  human  mind,  is 
strikingly  shown  by  the  fact  that  the  ancient. 
Peruvians  and  Aztecs  looked  forward  to  the 
destruction  of  the  world,  analogous  to  its  de- 
struction by  various  agencies  in  past  epochs, 
and  also,  it  would  seem,  to  a  future  restoration 
of  the  body. 

The  blending  of  Greek  thought  and  Oriental 
speculation  that  followed  the  conquests  of  Alex- 
ander gave  a  powerful  impulse  to  eschatology. 
Plato's  idea  of  immortality,  involving  prc-ex- 
istencc  as  well  as  post-existence,  and  emphasiz- 
ing deliverance  from  the  prison-house  of  mat- 


ter, spread  in  the  East,  while  the  Persian  doc- 
trine of  a  resurrection  found  its  way  to  Syria, 
and  in  some  Hellenistic  circles  a  spiritual  res- 
urrection immediately  after  death  was  ac- 
cepted as  a  compromise.  The  colorless  exist- 
ence in  Sheol  was  reduced  to  an  intermediate 
state  between  death  and  the  final  assize,  while 
the  Orphic  pictures  of  heaven  and  hell  helped 
to  give  a  distinctive  character  to  man's  ultimate 
fate  in  the  other  world.  Stoic  philosophers 
set  forth  a  theory  of  cycles  according  to  which 
each  cosmic  year  ends  with  a  universal  con- 
flagration, leaving  only  the  elements  out  of 
which  a  new  world  rises  to  pursue  its  course  in 
exact  repetition  of  its  predecessor.  Jewish 
apocalypses  described  a  succession  of  world- 
empires  and  laid  down  a  definite  proeram  of 
the  last  things  with  many  features  ultimate))' 
borrowed  from  Babylonian  mythology.  Some- 
times the  coming  kingdom  of  heaven  was 
thought  of  as  ruled  directly  by  God ;  some  times 
a  theocratic  ruler  on  earth  was  expected,  either 
a  high-priest  "of  Aaron  and  Israel,*  as  in  the 
Zadokite  Documents,  or  a  king  of  the  family  of 
David  and  the  tribe  of  Judah,  as  in  the  Psalter 
of  Solomon  and  later  works.  Similar  eschato- 
logical  expectations  of  a  heaven-sent  ruler  and 
savior  of  the  world  are  found  in  the  Fourth 
Eclogue  of  Virgil,  the  Priene  inscription  to 
Augustus,  Sibylline  oracles,  probably  of  pagan 
origin,  and  elsewhere.  In  this  atmosphere 
Christianity  grew  up.  Jesus  himself  appears  to 
have  believed  in  a  spiritual  resurrection  im- 
mediately after  death  of  those  accounted  worthy 
of  it,  cherished  no  ambition  to  become  a  king 
or  in  other  w-ays  to  exercise  lordship,  and  looked 
for  the  kingdom  of  heaven  essentially  as  a 
reign  of  righteousness  in  the  life  of  man.  But 
the  belief  that  He  had  been  raised  from  the 
dead  according  to  the  Scriptures  and  would 
return  upon  the  clouds  of  heaven  as  the  Mes- 
siah to  take  vengenance  upon  His  enemies,  raise 
the  dead,  and  establish  His  kingdom  on  earth 
affected  profoundly  the  thought  of  the  early 
Church.  When  the  expected  return  was  delayed, 
the  interest  gradually  shifted  from  the  idea  of 
a  righteous  kingdom  on  earth  to  the  perfected 
society  in  heaven,  which  the  travelers  through 
purgatory  might  be  assisted  in  attaining,  but 
from  which  the  denizens  of  hell  are  forever 
excluded.  Yet  in  the  greatest  of  all  apocalypses 
Dante  gives  a  glimpse  of  the  final  order  of 
things  on  earth  at  the  top  of  the  mountain  of 
purgatory  in  which  all  external  authority  has 
at  last  ceased.  The  poet  realized,  however, 
that  before  this  stage  can  be  reached  when  a 
citizen  of  the  world  may  be  left  in  freedom, 
righteousness  and  sanity  to  "crown  and  mitre" 
himself,  a  political  organization  of  the  whole 
human  race  under  the  same  law  would  he  nec- 
essary, and  in  <Dc  monarchia*  suggested  the 
need  of  an  expansion  of  the  empire  to  all  parts 
in  order  to  guarantee  a  general  security  and 
growth.  When  the  Lutheran,  Anglican  and 
Reformed  churches  rejected  the  doctrine  of  a 
purgatory,  they  considered  man's  destiny  to  be 
fixed  irrevocably  at  death.  This  tended  to  make 
the  closing  scenes  of  the  last  judgment  and  the 
resurrection  of  less  practical  importance,  to 
eliminate  the  premillennial  coming  of  Christ, 
and  to  present  the  millennium  as  a  result  of  a 
long  development  of  Christian  life.  Among 
Baptists  and  other  radicals  there  was  a  reaction 
against  this  toward  universalism  or  millen- 


uigitizeo  uy 


ESC 

danism.  A  great  crisis  in  the  history  of  na- 
tions naturally  produces  a  certain  eschatological 
mood  which  leads  some  minds  to  seek  new  in- 
terpretations of  old  prophecies,  and  others  to 
make  forecasts  of  the  future. 

The  Jewish  and  Christian  doctrines  of  a  final 
judgment,  a  resurrection  of  the  dead,  and  ever- 
lasting punishments  and  rewards  were  adopted 
by  Islam,  and  the  eschatology  was  enriched, 
after  the  prophet's  time,  by  contact  with  Persian 
thought.  The  idea  of  a  reincarnation  of  some 
great  representative  of  Allah  in  the  past  has 
exerted  a  particularly  strong  influence,  and  the 
expectation  of  some  Imam  or  Mahdi  to  reveal 
the  truth  more  fully  or  to  change  the  condi- 
tions of  life  on  earth  has  from  time  to  time 
stirred  profoundly  the  Mohammedan  world.  In 
later  Judaism  the  denial  by  Maimonides  of  a 
physical  resurrection  found  support  at  the  time 
and  has  led  more  recently  to  a  wide-spread 
hope  for  an  immortal  life  independent  of  a 
resuscitation  of  the  body.  The  disillusionment 
that  has  followed  every  Messianic  movement 
has,  no  doubt,  had  something  to  do  with  the 
less  prominent  place  held  to-day  even  among 
orthodox  Jews  by  speculation  as  to  the  advent 
of  the  Messiah.  Neither  conservatives  nor 
liberals  who  are  interested  in  the  establishment 
of  a  Jewish  state  in  Palestine  seem  to  contem- 
plate a  monarchical  constitution;  and  the  fun- 
damental difference  between  Jewish  cosmo- 
politans and  nationalists  does  not  even  affect 
the  conviction  that  Israel  has  a  particular  func- 
tion to  fulfil  in  the  regeneration  of  the  human 
race. 

Modern  thought,  freeing  itself  from  the 
authority  of  tradition,  has  earnestly  en- 
deavored to  test  the  foundations  and  appraise 
the  value  of  the  various  eschatological  con- 
ceptions, and  to  find  out  how  far,  and  on  what 
grounds,  it  is  possible  to  formulate  any  views 
concerning  the  future  that  shall  be  in  harmony 
with  scientifically  ascertainable  facts.  There 
is  a  disposition  to  examine  objectively  and  im- 
partially any  evidence  that  is  adduced,  whether 
from  the  correspondence  of  the  phenomena  of 
consciousness  to  the  operations  of  special  parts 
of  the  brain  or  the  alleged  communications  with 
the  dead,  the  kinship  of  cerebral  functions  in 
man  and  animal  or  the  intrinsic  worth  of  human 
self -consciousness,  the  potentiality  in  all  or  the 
high  degree  of  realization  in  some.  Scientific 
inquiry,  unable  to  go  beyond  a  non  liquet,  may 
not  find  any  ground  for  vetoing  the  assumption 
of  an  idealistic  philosophy  that  the  inmost  self 
in  man  mav  be  an  indispensable  unit  in  a  spirit- 
ual universe.  But  there  can  be  no  question  that 
the  characteristic  modern  attitude,  affected  by 
science,  is  one  of  unwillingness  to  dogmatize, 
readiness  to  hold  the  judgment  in  suspense,  and 
disinclination  to  regard  knowledge  in  this  field 
as  essential.  That  the  individual  continues  to 
live  in  the  race  is  capable  of  demonstration, 
and  to  the  consciousness  of  this  fact  a  strong 
moral  appeal  is  possible.  An  intelligent  patriot- 
ism is  to-day  obliged  to  consider  the  future  of 
the  nation  in  connection  with  the  whole  system 
of  sovereign  and  independent  states.  The 
political  integration  of  these  states  into  an  all 
embracing  league  of  nations  is  felt  to  be  indis- 
pensable to  the  general  security  and  looked 
forward  to  "with  confidence.  Eschatological 
thought  is  intensely  occupied  at  present  with  the 
changes,  political,  industrial,  economic,  social, 
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and  religious,  that  are  likely  to  follow  the 
world  war.  It  attaches  itself  again  to  the 
destiny  of  the  earth.  Barring  an  accident, 
which  is  always  within  the  bounds  of  possi- 
bility, our  planet  may  be  expected  to  run  its 
course  through  long  ages  before  it  passes  away 
or  ceases  to  be  inhabitable.  A  new  glacial 
period,  however,  probably  lies  in  a  much  more 
immediate  future.  Living  in  an  interval  be- 
tween two  such  periods  particularly  favorable 
to  the  development  of  civilization,  we  arc  threat- 
ened by  the  exhaustion  of  some  supplies  on 
which  that  civilization  particularly  seems  to 
depend.  A  careful  husbanding  of  all  our 
natural  resources,  an  equitable  distribution  to 
men  and  nations  according  to  their  needs,  and 
a  just  regard  for  the  necessities  of  coming 
generations  will  be  called  for.  In  the  efforts  to 
realize  the  eschatological  ideals  a  moral  energy 
may  be  released  which  shall  constitute  the  most 
precious  spiritual  harvest  of  the  life  of  man 
on  earth. 
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ESCHEAT,  es-chet'  (old  French  eschet, 
spoil,  rent,  that  which  falls  to  a  person),  the 
reversion  of  property  to  the  sovereign.  The 
law  considers  that  all  property  must  have  an 
owner  ;  so  if  a  person  die  intestate  and  without 
issue,  the  property,  in  England,  escheats  to  the 
king,  and  in  America  to  the  state  as  sovereign. 
In  some  jurisdictions,  before  the  sovereign  re- 
ceives title  there  is  a  certain  kind  of  proceed- 
ing to  determine  whether  or  not  there  are  any 
heirs,  while  in  other  jurisdictions  the  sovereign 
gets  the  title  on  the  death  of  the  owner;  but 
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even  in  these  cases  the  sovereign's  title  is  de- 
feasible until  there  are  proceedings  to  determine 
that  the  deceased  had  no  heirs.  When  the  sov- 
ereign obtains  title  by  escheat  it  acquires  all 
the  rights  and  privileges  of  the  last  owner,  and 
the  statutory  requirements  must  be  strictly  fol- 
lowed, both  as  to  the  disposal  of  the  property 
and  as  to  the  use  of  the  fund  derived  from  the 
sale,  in  case  a  sale  is  necessary.  In  the  United 
States  the  powers  and  duties  of  the  sovereign  in 
relation  to  escheated  property  are  controlled  by 
statute  in  the  different  States.  Formerly  an 
escheat  might  arise  through  the  failure  of  heirs 
or  forfeiture  for  treason.  In  England  the  word 
escheat  also  signifies  the  district  within  which 
the  king  or  lord  is  entitled  to  escheats;  a  writ 
to  recover  escheats;  the  escheated  possessions 
of  the  state  or  lord;  hence,  generally,  a  return 
or  reversion;  and,  more  generally,  that  which 
falls  to  a  person. 

ESCHENBACH,  esh'en-baH.  Wolfram 
von,  German  mediaeval  poet :  b.  Eschenbach, 
near  Ansbach,  Bavaria,  about  1165;  d.  about 
1220.  He  was  one  of  the  most  prominent  min- 
strels at  the  court  of  Hermann,  Landgraf  of 
Thuringia,  where  he  spent  part  of  his  time,  the 
other  part  being  spent  in  Wildenbcrg  (Wchlcn- 
bcrg).  He  was  a  contemporary  of  another  very 
famous  poet  with  whom  he  came  into  frequent 
contact  at  court.  This  was  Walther  von  dcr 
Vogelweide  (q.v.).  According  to  his  own 
statement  he  could  neither  read  nor  write  but 
he  had  a  very  tenacious  memory  which  enabled 
him  to  treasure  up  all  the  learning  that  came  his 
way  so  that  he  soon  became  a  marked  character 
and  finally  was  invited  to  the  court  and  ulti- 
mately acquired  all  the  education  of  the  layman 
of  his  day.  His  work  shows  chivalry  at  its  best. 
His  epics  rank  among  the  greatest  German 
imaginative  works.  Besides  several  love  songs 
he  wrote  'Parzival' ;  'Wilhclm  von  Orange,' 
and  'Titurel,  or  the  Guardian  of  the  GraaP 
See  Parsifal. 

ESCHENBURG,  esh'en-boorg,  Johann 
Joachim,  German  scholar:  b.  Hamburg,  1743; 
d.  1820.  He  received  his  education  at  the  uni- 
versities of  Leipzig  and  Gottingcn  and  in  1767 
began  his  lifelong  connection  with  the  Colle- 
gium Carolinum  in  Brunswick,  of  which  he  was 
director  after  1814.  He  published  the  first 
complete  German  translation  of  Shakespeare. 
'  Shakespeares  theatralische  Werke'  (13  vols., 
1782)  and  many  other  translations  from  Eng- 
lish authors.  He  published  also  'Handbuch  der 
klassischen  Litteratur'  (1783);  'Entwurf  einer 
Theorie  und  Litteratur  der  schonen  Wisscn- 
schaften'  (1783);  'Bicspiclsammlung  zur  The- 
orie und  Litteratur  der  schonen  Wissenschaften' 
(8  vols.,  1788-95);  'Lehrbuch  der  Wissen- 
schaftskunde>  (1792);  'Denkmaler  altdeutscher 
Dichtkunst'  (1799),  and  the  hymns  'Ich  will 
dich  noch  im  Tod  erheben,'  and  'Dir  trau'ich, 
Gott,  und  wanke  nicht.' 

ESCHENMAYER,  csh'cn-ml-cr,  Adam 
Karl  August  von,  German  philosopher:  b. 
Neucnburg,  July  1768;  d.  1852.  He  was  edu- 
cated at  the  Caroline  Academy,  Stuttgart,  and 
the  University  of  Tubingen.  He  was  for 
many  years  engaged  in  the  practice  of  medicine 
at  Stilz  and  Kirchhcim.  In  1811  he  was  ap- 
pointed extraordinary  professor  of  medicine 
and  philosophy  at  Tubingen  and  in  1818  became 
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ordinary  professor  of  practical  philosophy.  He 
resigned  in  1836,  removed  to  Kirchheim  and 
thereafter  devoted  himself  to  philosophical 
study.  He  was  inclined  to  a  belief  in  mysti- 
cism as  an  aid  to  philosophy  and  took  a  deep 
interest  in  animal  magnetism.  In  his  later 
years  his  beliefs  degenerated  into  a  lower  form 
of  supernaturalism.  He  wrote  'Die  Philos- 
ophic in  ihrem  Ubcrgange  zur  Nichtphiloso- 
phic'  (1803)  •  '  Versuch  die  scheinbare  Magie  des 
thierischen  Magnetismus  aus  physiologischen 
und  physischen  Gesetzen  zu  Erklaren*  (1816); 
'System  der  Moralphilosophie'  (1818);  'Psy- 
chologic in  drei  Theilen,  als  empirischc.  reine. 
angewandte'  (2d  ed.,  1822);  ' Religionsphilos- 
ophic'  (3  vols.,  1818-24)  ;  'Die  Hegclsche  Reli- 
gionsphilosophie  vcrglichcn  mit  dem  christlichen 
Princip'  (1834)  ;  'Dcr  Ischariotismus  unsercr 
Tage>  (1835)-  'Konflikt  zwischen  Himmcl  und 
Holle,  an  dem  Damon  eines  bessesscnen 
Madchens  bcobachtet'  (1837)-  'Grundriss 
der  Naturphilosophie'  (1832)  ;  'Grundzuge  der 
christlichen  Philosophic'  (1840);  'Betrachtun- 
gen  iiber  physischen  Weltbau'  (1852). 

ESCHER,  esh'er,  Johann  Heinrich  Alfred. 

Swiss  statesman:  b.  Zurich  1819  d.  there,  6 
Dec.  1882.  He  studied  law  at  Zurich,  Bonn. 
Paris  and  Berlin  and  in  1844  became  a  member 
of  the  Cantonal  Council  of  Zurich.  In  the  fol- 
lowing year  he  issued  a  summons  for  a  general 
convention  to  be  held  at  Untcrstrass  and  having 
in  view  the  expulsion  of  the  Jesuits.  As  mem- 
ber of  the  Council  of  Education  to  which  he 
was  elected  in  1846  he  did  much  to  place  the 
educational  system  of  the  canton  of  Zurich  on 
a  truly  modern  basis.  In  1847  Escher  was 
made  president  of  the  Grand  Council  and  in 
1848  was  elected  to  the  Federal  Diet.  In  1849 
he  became  president  of  the  National  Council 
and  in  1856-57  and  1861-62  he  served  as  vice- 
president  and  was  later  president  of  the  Con- 
federation for  several  terms.  A  bronze  statue 
to  his  memory  was  erected  by  the  citizens  of 
Zurich.  Consult  Schcrr,  'Alfred  Escher' 
(1883). 

ESCHER  VON  DER  LINTH,  Arnold, 

Swiss  geologist :  b.  Zurich.  8  June  1807 ;  <L  12 
July  1872.  He  was  the  son  of  Hans  Conrad 
Escher  (q.v.).  He  was  appointed  professor  of 
geology  at  the  Zurich  Polytechnic  School  in 
1856.  He  made  extensive  researches  which 
have  caused  him  to  be  considered  one  of  the 
foremost  of  the  founders  of  Swiss  geology.  In 
1852-53,  in  collaboration  with  Studer,  he  pub- 
lished the  first  detailed  geological  map  of  Swit- 
zerland. He  wrote  'Geologische  Bemcrkungen 
ubcr  das  nordliche  Vorarlberg  und  einige  an- 
grenzenden  Gegenden'  (1853). 

ESCHER   VON   DER   LINTH.  Hans 

Conrad,  Swiss  statesman:  b.  Zurich,  1767;  d 
1823.  He  studied  at  the  University  of  Gottin- 
gcn in  1786-88  and  from  1798  to  1802  was  a 
member  of  the  Legislative  Assembly  of  Swit- 
zerland and  at  about  the  same  period  was  editor 
of  the  Schweizerischer  Repuolikaner.  He  re- 
tired from  politics  in  1802.  In  1807-22  he 
served  as  president  of  the  board  of  inspection 
of  the  canalization  of  the  upper  Limmat,  known 
as  the  Linth.  The  improvement  reclaimed  hun- 
dreds of  acres  of  fertile  arable  lands.  Escher's 
popularity  was  at  its  height  and  his  family  re- 
ceived the  surname  of  Von  der  Linth  in  1823 
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as  a  recompense  and  recognition  of  his  services 
to  the  republic.  Consult  Holtingcr,  'Life  of 
H.  K.  Escher  von  der  Linth>  (Zurich  1852). 

ESCHERICH,  esh'er-iH,  Karl  Leopold. 

German  entomologist:  b.  Schwandorf,  1871.  He 
received  his  education  at  the  universities  of 
Munich,  Wurzburg,  Leipzig  and  Heidelberg. 
Beginning  in  1802  he  made  several  tours  includ- 
ing Tunis  (1892),  Asia  Minor  (1895),  Algeria 
(1898),  Abyssinia  (1906),  Ceylon  (1910),  and 
North  America  (1911).  At  Strassburg  in 
1901-06  he  served  as  privatdozent  and  in  the 
latter  year  was  appointed  professor  at  Tharandt 
Forestry  Academy.  He  has  published  'System 
der  Lepismatiden'  (1905);  'Der  Ameise' 
(1906);  'Ferienrcise  nach  F.rythrea'  (1908); 
'Die  Termiten  oder  weissen  Ameiscn'  (1909)  ; 
♦Tcrmitenlcben  auf  Ceylon >  (1910)  ;  'Die  angc- 
wandte  Entomologic  in  den  Vereinigten  Staaten* 
1913);  'Die  Forstinselrten  Mitteleuropas' 
Vol.  I.  1913). 

ESCHRICHT,  esh'riHt,  Daniel  Frederik. 

Danish  zoologist:  b.  Copenhagen,  1798;  d.  1863, 
He  studied  medicine  in  his  native  city,  practised 
his  profession  for  about  three  years,  after  which 
he  studied  physiology  and  comparative  anatomy 
in  France  and  Germany.  After  1836  he  held  a 
chair  at  the  University  of  Copenhagen.  He 
published  'Haandbog  i  Physiologic*  (1851)  and 
•Folkclige  Foredrag'  (1859).  He  left  a  valu- 
able collection  which  now  rests  in  the  Zoological 
Museum. 

ESCHSCHOLTZ.  esh'olts,  Johann  Fried- 
rich.  Russian  naturalist :  b.  Dorpat.  government 
of  Riga,  12  Nov.  1793 ;  d.  there,  10  May  1831. 
He  studied  medicine  in  his  native  city,  and  in 
1819  became  professor  of  anatomy  and  director 
of  the  zoological  museum  of  the  University  of 
Dorpat.  In  1815-18  and  1823-26  he  accom- 
panied Otto  von  Kotzebue  in  the  lattcr's  explor- 
ing tours  around  the  world,  collected  a  large 
number  of  natural  history  specimens  and  made 
valuable  scientific  studies  on  the  lower  organ- 
isms of  deep-sea  life.  The  results  of  his  studies 
were  published  in  Kotzcbue's  account  of  the  ex- 
pedition (1821),  and  he  presented  his  collections 
to  the  University  of  Dorpat  1826.  His  cata- 
logue of  over  2,000  animals  was  published  in 
Kotzcbue's  'Neue  Reisc  urn  die  Welt*  (Vol. 
II,  1830).  Adelbert  von  Chamisso,  another 
member  of  these  expeditions,  named  a  botanical 
species  Eschscholtzia  in  his  honor,  and  Esch- 
scholtz  Bay,  on  the  Alaskan  coast,  is  also  named 
after  him.  He  published  'Ideen  rur  Aneinan- 
dcrrcihung  der  ruckgratigen  Tiere  (1319); 
'System  der  Akalephen*  (1829)  ;  'Zoologischer 
Atlas'  (5  parts,  1829-33),  containing  plates  and 
distributions  of  new  species  of  animals. 

ESCHSCHOLTZIA,  e-sholt'si-a,  or  CAL- 
IFORNIA POPPY,  a  genus  of  annual  and 
perennial  herbs  of  the  natural  order  Pof>&- 
veracea,  natives  of  the  Pacific  slope  of  the 
United  States.  The  species,  of  which  there  are 
about  a  dozen,  are  distinguished  by  much  dis- 
sected alternate  leaves,  yellow  or  white,  showy 
flowers  (the  sepals  united  to  form  a  deciduous 
hood),  and  a  long  capsular  fruit  resembling  a 
silique.  The  best-known  species  is  probably  E. 
caiifornica,  a  perennial  which  is  widely  culti- 
vated as  an  annual  in  flower  gardens,  and  is  a 
beautiful  orange-colored  flower,  one  of  the  most 
showy  in  the  whole  floral  kingdom.    It  is  gre- 


-ESCOBEDO  405 

garious  in  habit,  and  in  California  it  covers 
large  areas  with  an  almost  unbroken  orange- 
yellow  bloom  of  striking  beauty  when  seen  on 
the  gray-green  slope  of  a  treeless  hillside.  It  is 
easily  raised,  especially  if  the  seed  be  sown 
soon  after  gathering  in  the  fall,  and  the  young 
plants  protected  in  cold  climates. 

ESCHWEGE,  esh'va-ge,  Germany,  a  town 
of  the  Prussian  province  of  Hesse-Nassau,  on 
the  Werra,  26  miles  east-southeast  of  Cassel. 
It  is  a  walled  and  well-built  town,  with  a  castle, 
dating  back  to  1386,  and  long  the  residence  of 
the  landgraves  of  Hcssen-Rotenbcrg,  but  now 
used  as  a  public  building.  It  is  an  important 
industrial  centre  and  has  manufactures  of 
woolen  and  linen  cloth,  several  large  tanneries, 
glue-works,  oil  and  other  mills,  and  a  trade  in 
mca^  fruit,  lard,  ham  and  sausages.    Pop.  about 

ESCH WEILER,  esh'vi-leY.  Germany,  town 
in  the  Prussian  Rhincprovincc,  nine  miles  cast- 
northeast  of  Aix-Ia-Cnapelle,  at  the  confluence 
of  the  Indc  and  Dente.  It  has  manufactures 
of  articles  in  iron  and  tin-plate,  zinc  and  copper, 
machinery,  boilers,  railway  plant,  needles,  wire, 
rolling-mills,  smelting  furnaces,  belting  and 
other  leather  goods,  beer  and  birches.  Calamine 
and  lead,  as  well  as  productive  coal-mines,  are 
worked  in  the  vicinity.   Pop.  25,000. 

ESCHYNITE.   See  ^schynite. 

ESCOBAR    Y    MENDOZA.  Antonio, 

an-tfl-'ne-des-ko-bar'  e  men-do'tha,  Spanish  casu- 
ist: b.  Valladolid,  1589;  d.  4  July  1669.  Enter- 
ing the  order  of  Jesuits  in  1604,  he  became  cele- 
brated as  a  preacher  and  writer.  At  his  death 
he  left  more  than  40  volumes  in  folio,  mostly 
in  theology  and  morality,  the  principal  being  the 
casuistical  'Liber  Theologiae  Moralis'  (1646), 
which  has  several  times  been  printed,  and 
'Summula  Casuum  Moralis'  (1626).  He 
seems  to  have  been  a  man  of  exemplary 
moral  character,  but  his  writings  unfortunately 
drew  to  themselves  the  ridicule  of  La  Fontaine, 
Moliere,  Boileau,  Pascal  and  other  witty  French 
writers,  who  represented  him  as  a  person  of 
extreme  moral  laxity,  of  which  the  French  word 
"escobarderie*  became  a  strong  and  appealing 
symbol.  They  represented  him  as  advancing  the 
doctrine  that  the  moral  value  of  an  action  is  to 
be  found  in  the  intention  lying  behind  it,  and 
that  purity  of  purpose,  may  justify  others  con- 
trary to  the  commonly  accepted  moral  code. 
His  writings  were  censured  by  the  papal 
authority. 

ESCOBEDO,  Mariano,  ma-rf-a'no  es-ko- 
ba-d&,  Mexican  soldier,  popularly  known  as 
"orejones,"  big  lugs,  on  account  of  his  enor- 
mous ears:  b.  Dos  Arroyos,  New  Leon,  12  Jan. 
1827;  d.  Tacubaya,  22  May  1902.  When  the 
war  between  Mexico  and  the  United  States 
broke  out  he  was  a  muleteer  in  charge  of  a 
string  of  pack  mules  belonging  to  his  father. 
He  converted  his  muleteers  into  a  band  of  guer- 
rillas, attacked  small  detachments  of  the  Ameri- 
can troops  wherever  he  found  them  and  took 
part  in  the  battles  of  Palo  Alto  and  Rcsaca. 
Juarez  commissioned  him  colonel  in  1859.  In 
1861,  upon  the  establishment  of  Juarez'  govern- 
ment in  the  City  of  Mexico,  Escobedo  was  made 
a  brigadier-general  and  sent  in  pursuit  of  the 
Clerical  forces  under  Mirquez  and  Mejia,  but 
was  surprised,  taken  prisoner  after  an  heroic 
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defense,  sentenced  to  be  shot,  but  escaped  and 
returned  to  Juarez.  He  took  a  prominent  part 
in  the  war  against  the  French  which  followed 
the  intervention  of  Napoleon  III  in  Mexican 
affairs.  He  repulsed  them  at  Pucbla,  5  May 
1862,  took  part  in  the  long  siege  of  that  place 
and  when  it  was  captured  by  the  French,  17 
May  1863,  was  taken  prisoner,  but  succeeded  in 
escaping.  When  Maximilian's  empire  was  es- 
tablished, Escobedo  took  up  his  headquarters  in 
Texas,  secretly  purchased  arms  and  ammunition 
in  New  Orleans,  1S65.  organized  and  equipped 
a  force  of  Mexican  refugees,  American  negroes 
and  ex-Confederate  soldiers,  led  them  into 
Mexico,  captured  the  Imperial  garrison  at  Mon- 
terey, November  1865.  and  swept  everything  be- 
fore him.  Juarez  appointed  him  commander-in- 
chief  of  the  Army  of  the  North;  he  continued 
his  victorious  course  until  all  the  chief  cities 
were  in  the  hands  of  the  republicans  and  finally 
besieged  and  defeated  the  Emperor  u  Qucrctaro, 
15  May  1866.  It  is  said  that  Maximilian  offered 
bis  word  of  honor  to  Escobedo,  on  surrender- 
ing his  sword,  to  leave  the  country  at  once  if 
conducted  to  the  nearest  port;  but  Escobedo 
refused,  probably  on  orders  from  Juarez,  who 
ordered  a  court-martial,  and  the  Emperor  was 
condemned  and  executed.  In  1874  Escobedo 
quelled  an  uprising  against  the  government  of 
Juarez,  but  was  unsuccessful  in  putting  down  the 
revolution  started  by  General  Porfirio  Dia2.  He 
fled  to  Texas,  issued  a  manifesto  against  Diaz, 
of  whom  he  became  a  close  friend  and  strong 
supporter  later,  and,  later  during  his  administra- 
tion, president  of  the  supreme  military  court 
of  justice  1882-83.  He  also  held  other  import- 
ant offices  of  trust  under  Diaz. 

ESCOIQUIZ,  csTco-e-keth'.  Juan,  Spanish 
ecclesiastic  and  politician:  b.  Navarre.  1762;  d. 
Ronda.  27  Nov.  1820.  He  began  life  as  a  page 
at  court  in  the  reign  of  Charles  III.  He  took 
holv  orders  and  held  a  prebend  at  Saragossa. 
Through  Godoy  he  advanced  himself  to  the 
position  of  tutor  to  Ferdinand,  the  heir- 
apparent.  His  efforts  in  literature  at  this  time 
consisted  of  a  translation  of  Young's  'Night 
Thoughts'  (1797)  and  a  worthless  epic  on  the 
conquest  of  Mexico  (1798).  He  gained  an 
ascendancy  over  his  pupil,  afterward  Ferdinand 
VII,  and  he  led  the  opposition  to  Godoy's  plans 
for  a  French  alliance.  He  was  banished  from 
court  but  maintained  correspondence  with  Fer- 
dinand. In  1807  he  was  implicated  in  the  con- 
spiracy of  the  Escorial,  was  imprisoned  but  later 
released  with  the  other  conspirators.  After 
1808  he  became  the  trusted  adviser  of  Fer- 
dinand and  prevailed  on  the  latter  to  meet 
Napoleon  at  Bayonne,  of  which  meeting  he 
gives  a  vivid  account  in  'Idea  Scncilla  dc  las 
razones  que  motivaron  el  viage  del  Rey  Fer- 
nando VII  a  Bayona'  (1814).  When  the 
Spanish  royal  family  was  imprisoned  by  Na- 
poleon. Escoiquiz  accompanied  Ferdinand.  At 
the  Restoration  he  was  minister  for  a  short 
period,  but  Ferdinand  had  tired  of  him,  he  soon 
fell  into  disgrace,  was  imprisoned  in  Murcia, 
recalled  for  a  time  and  later  exiled  to  Ronda. 

ESCORIAL,  or  ESCURIAL.  a  royal  pal- 
ace of  Spain,  distant  from  Madrid  about  24 
miles  (by  rail  32  miles)  in  a  northwesterly 
direction  and  situated  on  the  acclivity  of  the 
Sierra  de  ( iiiadarrama.  the  range  of  mountains 
which  divide   New   from  Old   Castile.  The 
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Escorial  combines  a  monastery,  a  church  and 
a  mausoleum  with  a  royal  palace.  Everything 
about  the  Escorial  —  situation,  plan  and  pur- 
poses —  bears  the  stamp  of  the  sombre  tempera- 
ment and  unpractical  mind  of  its  originator, 
Philip  II.  Not  the  least  remarkable  of  its 
peculiarities  is  its  site.  Away  from  cities,  amid 
the  seclusion  of  mountain  scenery,  it  stands  at 
a  height  of  2,700  feet  above  the  level  of  the  sea. 
It  was  built  in  commemoration  of  the  battle  of 
Saint  Qucntin,  which  was  fought  on  Saint  Law- 
rence's Day  (10  August)  1557  and  to  whom  it 
is  dedicated.  The  building  is  a  rectangular 
parallelogram  measuring  744  feet  in  length  by 
580  in  breadth.  The  interior  is  divided  into  13 
courts,  the  plan  supposedly  in  outline  of  the 
gridiron  on  which  Saint  Lawrence  was  broiled, 
while  a  projection  460  feet  in  length  contains 
the  chapel  and  the  royal  palace.  The  building, 
which  is  in  the  Greco-Roman  style,  was  be- 
gun in  1563  by  Juan  Bautista  de  Toledo,  a 
Tolcdan  architect,  and  finished  in  1584  by  his 
pupil,  Juan  de  Herrcra.  It  is  irregular  in  its 
proportions  and  thus  loses  much  of  the  effect 
which,  from  its  great  magnitude,  it  ought  to 
have.  The  innumerable  windows  (said  to  be 
11,000  in  honor  of  the  Cologne  virgins)  give  it 
the  aspect  of  a  large  mill  or  barrack.  The  doors 
are  also  numerous.  The  material  of  the  build- 
ing is  gray  granite  found  in  the  neighborhood, 
which  preserves  its  fresh  and  clean  appearance. 
The  church,  which  dominates  the  entire  design, 
fronts  on  a  central  court,  which  was  formerly 
opened  only  to  admit  the  king  on  his  first  visit 
and  a  second  time  to  receive  his  dead  body  for 
burial.  The  characteristic  is  majestic  simplic- 
ity. It  is  340  feet  long  by  234  wide;  the  cen- 
tra! dome,  70  feet  in  diameter,  is  320  feet  high 
externally.  Under  the  high  altar  is  the  Pan- 
theon or  burying-placc  of  the  kings  of  Spain. 
Its  interior  is  lined  with  dark  marble  beauti- 
fully veined.  One  of  the  most  interesting  parts 
of  the  building  is  the  cell  of  Philip  II.  from 
which  the  king  in  his  last  illness  was  enabled 
to  witness  the  celebration  of  mass.  The  mon- 
asterial  part  of  the  building  contains  a  valuable 
library,  especially  rich  in  Greek  and  Arabic 
manuscripts,  and  there  was  formerly  a  superb 
collection  of  pictures  scattered  through  various 
parts  of  the  building.  During  the  French  occu- 
pation the  books.  30.000  in  number,  were  re- 
moved to  Madrid,  but  were  sent  back  by  Ferdi- 
nand minus  10.000  volumes.  The  Escorial  was 
partly  burned  in  1671.  when  many  MSS.  were 
destroyed.  It  was  pillaged  by  the  French  in 
1808  (when  the  books  were  removed)  and  in 
1813.  It  was  restored  by  Ferdinand  VII,  but 
the  monks,  with  their  revenues  which  supported 
it,  have  long  since  disappeared,  and  the  building, 
which  from  its  situation  requires  to  be  kept  in 
repair  at  considerable  expense,  has  fallen  into 
some  decay,  though  repairs  are  executed  from 
time  to  time.  On  2  Oct.  1872  it  was  struck  by 
lightning  and  was  in  consequence  seriously 
injured  by  fire.  The  monastery  portion  of  it 
is  now  a  seminary  in  which  youths  receive  a 
secular  education.  Consult  Calvert,  A.  F.,  'The 
Escorial;  a  Historical  and  Descriptive  Account' 
(New  York  1907)  ;  Hay,  John,  <Castilian  Days' 
(New  York  1875). 

ESCORT  (French  escorte),  a  guard,  a 
body  of  armed  men  which  attends  an  officer  or 
baggage,  provisions  or  munitions,  conveyed  by 
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land  from  place  to  place  to  protect  them. 
This  word  is  sometimes  used  for  naval  pro- 
tectors; but  the  proper  word  in  this  case  is 
convoy.  In  the  United  States  escorts  are  of 
two  kinds,  funeral  escorts  and  escorts  of  honor. 
The  troops  assigned  for  escort  duty  may  con- 
sist of  infantry,  cavalry  or  artillery  or  all  of 
them.  The  army  regulations  fix  the  character 
and  size  of  escorts  according  to  the  military 
prominence  or  title  of  the  individual.  Accord- 
ing to  the  United  States  Army  Regulations  of 
1913,  the  funeral  escort  of  a  general  of  the 
army  or  the  Secretary  of  War  shall  consist  of 
a  rcg  ment  of  infantry,  a  squadron  of  cavalry 
and  one  battalion  of  field  artillery;  that  of  a 
lieutenant-general  or  the  assistant  Secretary  of 
War,  a  regiment  of  infantry,  a  squadron  of 
cavalry  and  a  battery  of  field  artillery;  that  of 
a  major-general,  a  regiment  of  infantry,  two 
troops  of  cavalry  and  a  battery  of  field  artil- 
lery; that  of  a  brigadier-general,  a  regiment  of 
infantry,  a  troon  of  cavalry  and  a  platoon  of 
field  artillery;  that  of  a  colonel,  a  regiment;  a 
lieutenant-colonel  or  major,  a  battalion  or 
squadron ;  a  captain,  one  company ;  a  subaltern, 
a  platoon. 

ESCOSURA,  Js-ko-soo'ra,  Patricio  de  la, 

Spanish  novelist  and  poet:  b.  Madrid,  5  Nov. 
1807;  d.  there,  22  Jan.  1878.  After  various  po- 
litical and  military  ups  and  downs  and  being 
twice  exiled,  in  1855  he  was  sent  as  a  special 
envoy  to  the  Portuguese  court,  became  Under- 
Secretary  of  State,  Minister  of  the  Interior  and 
afterward  Ambassador  to  Germany,  1872.  He 
wrote  the  historical  novels  'The  Count  de 
Candespina'  (1832)  ;  'Neither  King  nor  Pawn* 
(1835);  and  'The  Patriarch  of  the  Valley > ; 
the  epics  'The  Bust  in  Black  Cloak*  and  <Hcr- 
nan  Cortes  at  Cholula' ;  several  dramas,  the 
most  successful  of  which  was  'Heman  Cortes' 
Debaucheries' ;  and  several  historical  works, 
among  them  a  'Constitutional  History  of  Eng- 
land' (1859). 

ESCROW,  in  law,  a  written  document 
sealed  and  delivered  to  the  keeping  of  a  third 
party  to  be  held  by  him  pending  the  fulfilment 
of  certain  conditions.  Such  an  instrument  is 
not  a  perfect  deed  and  usually  does  not  take 
effect  until  delivered  by  the  custodian.  Excep- 
tions to  the  general  rule  are  made  when  justice 
requires,  or  when  the  rights  of  outside  parties 
are  in  need  of  protection.    See  Deed;  Delivery. 

ESCUAGE,  esTcu-ij.  See  Scutage 

ESCUERZO,  a  Spanish  term  for  toad, 
specifically  applied  in  the  valley  of  La  Plata  to 
a  large  local  toad-like  frog  (Ceratophrys  or- 
nala)  noted  for  its  varied  colors,  laid  on  like 
those  of  a  Persian  carpet.  This  patchwork  thor- 
oughly conceals  the  toads  as  they  lie  half-buried 
in  the  ground.  "If  there  is  not  enough  green 
vegetation*  says  Gadow,  "they  throw,  with 
their  feet,  little  lumps  of  earth  upon  their  backs, 
the  skin  of  which  becomes  at  the  same  time 
more  wrinkled  and  assumes  duller  tones.  There 
the  creature  lies,  perfectly^  concealed,  betrayed 
only  by  the  metallic,  glittering  eyes,  waiting  for 
some  unfortunate  creature  to  pass  into  the  trap 
represented  by  the  enormous  month,  which 
opens  and  shuts  with  lightning  rapidity  and  an 
audible  snap."  These  frogs  are  of  the  Cystig- 
nathine  group  (sec  Frog)  and  closely  allied  to 
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the  monstrous  "horned  toads*  of  Brazil.  They 
live  chiefly  on  trogs  and  are  sometimes  can- 
nibals. 

ESCUINTLA,  es-ken'tla,  Guatemala,  one  of 
the  southern  departments  of  that  republic ;  chief 
products,  sugar  cane,  cacao  and  coffee.  Its 
chief  town,  also  called  Escuintla,  situated  at  an 
altitude  of  1,269  feet  above  the  level  of  the  sea, 
on  the  line  of  the  Central  Railroad  30  miles 
southwest  of  Guatemala,  has  good  hotels  and 
apartment  houses,  and,  owing  to  its  baths,  is  a 
favorite  winter  resort.  Pop.  of  Escuintla  city 
18,000. 

ESCULAPIANS,  a  Catholic  order,  founded 
at  Rome  in  1614  and  devoted  to  the  education 
of  poor  and  neglected  children.  At  present  it 
numbers  about  2.000  members  and  has  charge  of 
150  schools.   Sec  Orders,  Religious. 

ESCULENT  SWALLOW.    See  Salan- 

CANE 

ESCULIN,  ESCULINE.  See  Mscvux. 

ESCURIAL.  See  Escorial. 

ESCUTCHEON,  es-kfich'dn,  in  heraldry, 
is  derived  from  the  Old  French  escusson, 
French  fcusson,  and  that  from  the  Latin  scu- 
tum, a  shield.  It  signifies  the  shield  whereon 
coats  of  arms  are  represented.    See  Heraldry. 

ESDRAELON,  es-dra-e'lon  or  es-dra-e-16n 
(Mcrdj-Ibn-Amer),  the  famous  and  beautiful 
plain  in  Palestine,  situated  between  the  moun- 
tains forming  the  western  watershed  of  the 
Jordan  and  the  Mediterranean  Sea.  In  the  Old 
Testament  it  is  called  Jezreel,  valley  of  Megiddo, 
the  Great  Plain ;  in  the  New  Testament,  Arma- 
geddon. It  is  trianeular  in  form,  36  miles 
in  length,  with  an  average  width  of  15  miles. 
On  its  boundary  arc:  on  the  northeast  Mount 
Tabor,  the  southeast  Mount  Gilboa,  and  on 
the  southwest  Mount  Carmel.  The  principal 
streams  are  Nahr-el-Djalood,  which  flows  into 
the  Jordan,  and  the  Kishon  (Nahr-cl-Moukataa) 
which  flows  into  the  Bay  of  Acre  just  north  of 
Mount  Carmel.  Other  streams  traverse  the 
plain,  but  are  chiefly  branches  of  the  two 
streams  mentioned.  The  soil  is  fertile  and 
when  cultivated  with  care  yields  good  crops. 
When  Esdraelon  was  traversed  by  caravans 
crossing  Palestine  from  the  rich  countries  east 
and  west,  grains,  vegetables  and  fruits  were 
raised  in  abundance.  Agriculture  is  again  re- 
ceiving attention.  Some  of  the  noted  places  on 
this  plain  are  Djenecn  (probably  the  old  town 
of  Engannin),  at  the  entrance  to  the  plain  and 
984  feet  above  the  sea.  Tradition  savs  this  is 
where  the  10  lepers  were  cured  (Luke  xvii)  ; 
Zerlin,  known  hy  the  residents  as  Zeracen, 
called  by  the  Crusaders  Petit-Guerin,  is  now  a 
large  village.  Near  it  is  the  fountain,  Ain- 
Maeetch,  supposed  to  be  where  Saul  camped 
when  at  war  with  the  Philistines  (1  Sam.  xxxi). 
Ain-Djalood,  said  to  be  the  place  where  Gideon 
selected  the  300  men  who  fought  and  defeated 
the  Midianitcs  (Judges  vii).  On  the  south  side 
of  the  Kishon  are  the  villages  of  Afoolch,  El- 
Fooleh  and  Zcrin.  Afooleh  is  the  old  town  of 
Aphec,  one  of  the  places  where  the  Assyrians 
and  Egyptians  met  in  battle.  At  El-Fooleh  was 
once  a  fortress  built  by  the  Templars,  but  de- 
stroyed by  Saladin  in  1187.  Here  in  1799  a  bat- 
tle between  French  troons  under  Napoleon, 
4,000  in  number,  and  the  Mohammedans,  35,000 
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in  number,  left  the  French  the  victory. 
Ruins  of  the  fort  exist.  For  the  ancient  his- 
tory of  Esdraclon  consult  the  Old  Testament; 
many  of  the  important  places  mentioned  in  the 
New  Testament  are  in  a  good  state  of  preser- 
vation. Nazareth,  Nain  and  all  the  surrounding 
section  west  of  Mount  Tabor  arc  usually  in- 
cluded in  the  plain,  and  must  be  so  considered 
if  Mount  Tabor  is  accepted  as  on  the  northeast 
boundary-  Consult  Costello,  'The  Gospel 
Story'  ;  Thomas,  'Two  Years  in  Palestine'  ; 
Sayce,  'Patriarchal  Palestine';  Smith,  'Histor- 
ical Geography  of  the  Holy  Land.  See 
Armageddon. 

ESDRAS,  Books  of,  two  apocryphal  books, 
which,  in  the  Vulgate  and  other  editions,  arc 
incorporated  with  the  canonical  books  of  Scrip- 
ture. In  the  Vulgate  the  canonical  books  of 
Ezra  and  Nehcmiah  are  called  the  first  and  sec- 
ond, and  the  apocryphal  books  the  third  and 
fourth  books  of  Esdras.  The  Geneva  Bible 
(1560)  first  adopted  the  present  nomenclature, 
calling  the  two  apocryphal  books  first  and  sec- 
ond Esdras.  The  subject  of  the  first  book  of 
Esdras  is  the  same  as  that  of  Ezra  and  Nehc- 
miah, and  in  general  it  appears  to  be  copied 
from  the  canonical  Scriptures.  The  second 
book  of  Esdras  is  supposed  to  have  been  either 
of  much  later  date,  or  to  have  been  interpolated 
by  Christian  writers.  This  book  takes  its  name 
from  the  supposed  writer,  a  priest  and  doctor 
of  the  law,  called  Ezra  by  the  Hebrews. 

ESERINE.  or  PHYSOSTIGMIN,  a  drug 
obtained  from  Calabar-bean,  the  active  principle 
of  this  plant,  used  as  a  remedy  in  cases  of 
tetanus  (lockjaw).  A  solution  of  escrinc 
dropped  into  the  eye  causes  contraction  of  the 
pupil,  and  hence  its  use  in  some  eye  ailments, 
as,  for  instance,  glaucoma. 

ESHER,  Reginald  Baliol  Brett,  2d  Vis- 
count, English  writer:  b.  London,  30  June  1852. 
He  was  educated  at  Eton  and  Cambridge,  and 
was  private  secretary  to  the  Marquis  of  Hart- 
ington  1878-85.  He  was  member  of  Parliament 
for  Falmouth  1880-85;  from  1895  to  1902  was 
secretary  to  H.  M.  Office  of  Works;  and  was 
chairman  of  the  Territorial  Forces  Association, 
county  of  London,  1909-13.  He  succeeded  his 
father  as  viscount  in  1899.  He  has  written 
'Footprints  of  Statesmen'  (1892);  'The  Cor- 
respondence of  Queen  Victoria'  (1907)  ;  'To- 
day and  To-morrow'  (1910)  ;  'The  Girlhood  of 
Queen  Victoria'  (1912);  'Influence  of  King 
Edward:  Essays'  (1914). 

ESHER,  William  Baliol  Brett,  1st  Vis- 
count. English  jurist:  b.  Chelsea,  13  Aug. 
1817;  d.  London,  24  May  1899.  He  received  his 
education  at  Westminster  and  at  Caius  College, 
Cambridge,  and  was  called  to  the  bar  in  1840. 
He  entered  Parliament  in  1866  as  a  Conservative 
and  two  years  later  was  made  solicitor-general 
and  within  a  few  months  was  appointed  justice 
of  the  Court  of  Common  Picas.  He  was  made 
lord  justice  in  1876  and  in  1883  succeeded  Jesscl 
as  master  of  the  rolls.  In  1885  he  entered  the 
House  of  Lords  as  Baron  Esher.  In  1897  he 
retired  from  the  bench  and  a  viscounty  was 
hestowed  on  him.  Several  of  his  decisions  were 
severely  criticized  and  while  an  able  lawyer  he 
was  on' the  whole  reactionary  and  his  judgments 
belong  to  an  earlier  and  more  conservative  age. 


ESHER,  England,  village  in  Surrcv.  15 
miles  southwest  of  London.  Claremont  Park, 
where  the  Princess  Charlotte  resided  and  died, 
and  the  ruins  of  Esher  Palace,  built  in  the  15th 
century,  arc  in  the  neighborhood.  Pop.  of  parish 
2609. 

ESK  (Celtic  for  water),  the  name  of  two 
small  rivers  in  England,  one  in  Cumberland  and 
one  in  Yorkshire;  and  of  several  in  Scotland, 
the  chief  being  the  Esk  in  Dumfriesshire;  the 
North  Esk  and  South  Esk  in  Forfarshire;  and 
the  North  Esk  and  South  Esk  in  Edinburgh- 
shire. 

ESKER,  a  narrow  winding  ridge  of  strati- 
fied glacio-fluvial  sand  and  gravel,  frequently 
extending  across  the  country  for  miles  with 
little  regard  for  hills  and  valleys.  F.skers  are 
believed  to  have  been  formed  by  deposition  from 
subglacial  streams  in  tunnels  under  the  ice. 
They  are  also  known  as  osars  or  sometimes  as 
Serpentine  kames. 

ESKI-SAGRA,  cYkl-sa'gra.  or  EZKI 
ZAGHRA,  Bulgaria,  a  town  in  eastern  Rumelia, 
on  the  south  slope  of  the  Balkans,  about  100 
miles  northwest  of  Adrianople.  It  is  near  the 
chief  passes  of  the  Balkan  Mountains,  and  its 
advantageous  location  is  favorable  to  its  trade. 
The  mineral  springs  and  extensive  rose  gardens 
nearby  arc  sources  of  wealth  for  the  town. 
Some  of  the  manufactures  are  carpets,  coarse 
linen,  leather  and  rose  oil.  It  was  one  of  the 
South  Balkan  strongholds  of  the  Turks  which 
repelled  the  Russians  in  1877.    Pop.  22,003. 

ESKI-SHEHR,  es'ki-shehr'  (ancient  Dory- 
lmum),  Turkey,  town  90  miles  southeast  of  the 
sea  of  Marmora.  It  has  warm  mineral  springs, 
and  manufactures  of  meerschaum  pipes  from 
the  deposits  of  meerschaum  in  the  neighborhood. 
The  surrounding  region  is  noted  for  the 
quantity  and  quality  of  the  meerschaum  deposit. 
About  two-thirds  of  the  people  arc  Moham- 
medans and  the  remainder  are  Christians. 
Pop.  20,000. 

ESKI-ZAGRA.  Sec  Stara-Zagora. 

ESKILSTUNA,  esk'il-stoo-na.  Sweden, 
city  57  miles  west  of  Stockholm,  on  the  river 
of  Eskilstuna,  connecting  Lake  Maelar  with 
Lake  Hjclmar.  It  has  daily  communication  with 
Stockholm,  both  by  steamer  and  rail.  On  an 
island  in  the  river  is  a  large  gun  factory,  and 
its  manufactures  of  iron  and  steel  products  are 
so  great  that  it  is  called  the  "Sheffield  of 
Sweden.™  The  place  takes  its  name  from  Saint 
Eskill.  an  English  missionary  of  the  11th 
century,  who,  it  is  said,  suffered  martyrdom 
here.    Pop.  28.485. 

ESKIMO  DOG,  sledge  dog,  the  draucht 
animal  of  the  Arctic  regions.  It  is  a  wolfish- 
looking  dog,  largely  or  sometimes  wholly  de- 
rived from  the  wolf,  tinged  with  yellow  or  with 
a  grayish  color,  having  an  outer  coat  of  long 
hair,  and  an  undercoat  of  soft  wool.  Its  short 
pricked  cars  and  bushy  tail  add  to  its  wolf- 
like appearance.  Its  cry  is  not  a  bark,  but  a 
long  melancholy  wail.  This  dog  is  trained  to 
hunt  the  polar  bear  and  to  drag  the  Eskimo's 
burdens  over  the  rough  ice,  when  harnessed  in 
trains  to  sledges,  and  is  highly  prized  in  the 
frozen  North. 

ESKIMO,  ESKIMOS  (Abnaki.  Eskiman- 
tsic:  Oiibwav,  Askkimcv,  eaters  of  raw  flesh), 
or  ESQUIMAUX,  eslci-mo.  the  name  of  the 
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inhabitants  of  the  northern  coast  of  the  Ameri- 
can continent  down  to  lat.  60°  M.  on  the  west, 
and  55°  on  the  cast,  and  of  the  Arctic  islands, 
Greenland,  and  about  400  miles  of  the  nearest 
Asiatic  coast.  They  prefer  the  vicinity  of 
the  seashore,  from  which  they  rarely  withdraw 
more  than  from  20  to  80  miles.  Their  number 
scarcely  amounts  to  40,000.  Nevertheless  they 
arc  scattered  as  the  sole  native  occupants  of 
regions  stretching  3,200  miles  in  a  straight 
line  east  and  west,  to  travel  between  the  ex- 
treme points  of  which  would  necessitate  a 
journey  ot  no  less  than  5,000  miles.  This  dis- 
tance, taken  in  connection  with  their  homo- 
geneous nature  and  manners,  makes  their  small 
bands  the  most  thinly  scattered  people  of  the 
globe.  Their  extraordinary  persistency  in  main- 
taining their  language  and  habits  must  be  due  to 
the  difficulties  they  have  had  to  face  in  procur- 
ing subsistence.  They  call  themselves  Innuit 
Yuit,  You-Kouk  (the  people). 

Race.— They  used  to  be  classed  among  na- 
tions of  the  Mongolian  stock;  but  now  they  are 
considered  as  akin  to  the  American  Indians. 
Their  height  is  from  five  feet  two  inches  to  five 
feet  six  inches.  They  appear  comparatively 
taller  sitting  than  standing.  Their  hands  and 
feet  arc  small,  their  faces  oval,  but  rather  broad 
in  the  lower  part ;  their  skin  is  only  slightly 
brown ;  they  have  coarse  black  hair  and  very 
little  beard.   The  skull  is  high. 

Habits. —  The  Eskimos  get  their  subsistence 
mostly  from  hunting  by  sea,  using  for  this  pur- 
.  pose  skin  boats  where  the  sea  is  open,  and  dog 
sledges  on  the  ice.  From  the  skin,  blubber,  and 
flesh  of  the  seal  and  the  cetaceous  animals,  they 
procure  clothes,  fuel,  light  and  food.  Their 
most  interesting  as  well  as  important  invention 
for  hunting  is  the  well-known  small  skin  l)oat 
for  one  man,  called  the  kayak.  It  is  formed  of  a 
framework  covered  with  skin,  and,  together 
with  his  waterproof  jacket,  it  completely  pro- 
tects the  man  against  the  waves,  so  that  he  is 
able  to  rise  unhurt  by  means  of  his  paddle, 
even  should  he  capsize.  In  winter  the  Eskimos 
are  stationary-  But,  during  the  summer,  when 
sufficient  open  water  is  found,  they  roam  about 
in  their  large  skin  boats.  Their  winter  dwell- 
ings vary  with  regard  to  the  materials  of 
which  they  arc  built,  as  well  as  in  their  form. 
In  the  farthest  west  they  are  constructed  mostly 
of  planks,  covered  only  with  a  layer  of  turf  or 
sod;  in  Greenland  the  walls  consist  of  stones 
and  sod ;  in  the  central  regions  the  houses  arc 
formed  merely  out  of  snow.  In  Alaska  the 
interior  is  a  square  room,  surrounded  by  the 
sleeping  places,  with  the  entrance  on  one  side, 
while  a  hearth  with  wood  as  fuel  occupies  the 
middle  of  the  floor.  The  num1*r  of  inhabitants 
at  an  Eskimo  station  or  village  is  generally 
under  40,  but  in  rare  cases  more  than  200  arc 
found.  A  funnel-shaped,  half -underground 
passage  forms  the  entrance  of  the  narrow 
dwellings. 

Dress. —  The  dress  of  the  Eskimos  is  al- 
most the  same  for  the  women  as  for  the  men, 
consisting  of  trousers  or  breeches  and  a  tunic 
or  coat  fitting  close  to  the  body,  and  covering 
also  the  head  by  a  prolongation  that  forms  the 
hood.  For  women  with  children  to  carry,  this 
hood  is  widened  so  as  to  make  it  an  excellent 
cradle,  the  amaut  Tattooing  has  been  general 
among  all  the  tribes.    The  ordinary  materials 
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of  which  clothes  arc  made  arc  the  skins  of 
seals,  land  animals  and  birds. 

Language.— The  language  is  characterized 
by  the  power  of  expressing  in  one  word  a  whole 
sentence  in  which  are  embodied  a  number  of 
ideas  which  in  other  languages  require  separate 
words.  The  Greenland  dictionary  contains  1,370 
radicals  and  about  200  affixes.  A  radical  may 
be  made  the  foundation  of  thousands  of  deriva- 
tives, and  a  word  can  be  composed  which  ex- 
presses with  perfect  distinctness  what  in  our 
civilized  languages  might  require  20  words.  In 
Greenland  and  Labrador  the  missionaries  have 
adopted  the  Roman  letters  for  reducing  the 
native  language  to  writing.  The  printed  Green- 
land literature,  including  what  has  been  pub- 
lished by  the  Moravian  Brethren,  amounts,  with 
pamphlets  and  the  like,  to  what  might  make 
70  to  80  ordinary  volumes. 

Sociology.—  It  is  doubtful  whether  an 
organization  like  that  of  the  Indian  "families" 
has  been  discovered  among  the  Eskimos.  But 
a  division  into  tribes,  each  with  their  separate 
territories,  actually  exists.  The  tribe  again  is 
divided  into  groups  constituting  the  inhabitants 
of  the  different  wintering  places.  Finally,  in 
the  same  station,  the  inhabitants  of  the  same 
house  are  closely  united  with  regard  to  common 
housekeeping. 

Religion.— The  inhabitants  of  Danish  West 
Greenland,  numbering  about  10,000,  the  greater 
part  of  the  Labradorians,  and  the  southern 
Alaskan  Eskimos  are  christianized.  As  for  the 
rest,  the  religion  of  the  Eskimos  is  what  is 
generally  designated  as  Shamanism. 

The  Eskimos  are  believed  bv  some  to  have 
come  from  the  interior  of  America,  and,  follow- 
ing the  river  courses,  to  have  arrived  at  the 
Arctic  sea,  where  they  have  developed  their 
abilities  as  an  Arctic  roast  people.  The  Eskimos 
may  be  divided  into  the  following  groups:  (1) 
The  Western  Eskimos,  inhabiting  the  Alaska 
territory  and  the  Asiatic  side  of  Bering  Strait; 
(2)  the  Mackenzie  Eskimos,  or  Tchiglits,  from 
Barter  Island  to  Cape  Bathurst;  (3)  the  in- 
habitants of  the  central  regions,  including  the 
Arctic  Archipelago;  (4)  the  Labradorians;  (5) 
the  Grcenlanders ;  a  side  branch  inhabiting  the 
Aleutian  Islands,  speak  a  dialect  considerably 
different  from  that  of  the  rest  of  the  Eskimo 
people. 

The  Christianized  natives  still  preserve  their 
ancient  folklore.  It  represents  at  the  same  time 
their  original  poetry,  religious  ideas  and  his- 
tory, praising  the  deeds  of  their  great  men 
in  braving  the  dangers  to  which  their  nice  has 
been  continually  subjected.  The  'Tales  and 
Traditions  of  the  Eskimo1  (1875)  comprises  a 
collection  of  150  tales  founded  on  versions  sup- 
plied by  about  50  narrators  from  different  parts 
of  Greenland,  and  a  few  from  Labrador.  A 
valuable  collection  has  since  been  acquired  from 
East  Greenland,  some  tales  from  Baffin  Land, 
and  a  numl>er  of  the  simplest  fragments  of  the 
same  from  Bering  Strait.  See  Alaska;  Polar 
Research;  Ethnology;  Greenland;  Labra- 
dor. 

Bibliography.—Boas,  'The  Central  Eskimo' 
(Bureau  of  Ethnology  6th  Annual  Report)  ; 
McLean,  'Notes  on  the  Hudson  Bay  Territory* 
(1846)  ;  Hall,  'Life  with  the  Eskimos'  (\SM)  ; 
Rink,  (The  Eskimo  Tribes'  (1887);  'Tradi- 
tions of  the  Eskimos'  (London  1875)  ;  'Danish 
Greenland'  (London  1887);  Pilling,  'Bibliog- 
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raphy  of  the  Eskimo  Language'  (1888) ;  Peary, 
'My  Arctic  Journal'  (1893);  Nanscn,  'Eskimo 
Life'  (1894);  Thalbitzer,  (A  Phonctical  Study 
of  the  Eskimo  Language'  (Copenhagen  1914)  ; 
Stefansson,  'My  Life  with  the  Eskimo'  (Lon- 
don 1913)  ;  Morillot,  'Mythologie  et  Legcndes 
des  Esquimaux  de  Greenland*  (Actes  de  la 
Societe  Philologique,  1874) ;  Richardson,  < Polar 
Regions'  (1861). 

ESLA,  a  river  in  Spain,  which  rises  in  the 
Cantabrian  Mountains  and  flows  south  for  150 
miles  through  Leon  and  Zamora  and  empties 
into  the  Duero,  20  miles  below  Ciudad  Zamora. 

ESLAVA,  Miguel  Hilarion,  Spanish  com- 
poser: b.  Burlada.  1807;  d.  1878.  He  was  ap- 
pointed maestro  in  Ossufia  cathedral  at  the  age 
of  21.  Later  he  became  a  priest  and  in  1832 
removed  to  Seville.  Queen  Isabella  appointed 
him  court  nucstro  at  Madrid  in  1844.  He  pro- 
duced the  operas  <E1  solitario'  (1841);  'Las 
treguas  de  Tolemaida'  (1842);  'Pictro  el  cru- 
dele*  (1843)  ;  the  collections  'Musco  organico 
espaflol' ;  'Lira  sacro-hispana '  (1869);  also 
150  masses,  psalms,  etc. 

ESLAVA,  Sebastin  de,  Spanish  soldier  , 
b.  Navarre,  1714;  d.  Madrid,  1789.  He  was  one 
of  the  first  graduates  of  the  Real  Academia 
Militar  of  Barcelona.  He  won  distinction  in 
the  campaigns  undertaken  by  Philip  V,  was 
made  lieutenant-general  in  1738  and  two  years 
later  viceroy  of  New  Granada,  the  present  re- 
public of  Colombia,  South  America.  He 
strengthened  the  fort  at  Cartagena  and  de- 
fended it  successfully  against  the  English  under 
Sir  Edward  Vernon  in  1741.  He  returned  to 
Spain  in  1748.  was  advanced  to  the  grade  of 
captain-general  and  in  1750  made  governor  of 
Andalusia.  Four  years  later  he  was  made  War 
Minister  and  retired  from  public  life  on  the 
accession  of  Charles  III. 

ESMANN,  is'man,  Gustav  Frederik,  Dan- 
ish dramatist:  b  Copenhagen,  17  Aug.  I860;  d. 
1904.  After  a  short  period  of  legal  study,  he 
abandoned  law  for  literature  and  his  first  work 
was  a  volume  containing  two  short  stories, 
'Gammcl  Gjaeld'  (1885).  Thereafter  he  de- 
voted himself  mainly  *to  dramatic  composition 
and  a  notable  series  of  plays,  which  have  been 
acted  with  great  success  throughout  the  Scandi- 
navian countries,  have  come  from  his  pen. 
They  are:  <I  Stiftelsen'  (1886) ;  'Enkemacnd' ; 
'For  Bryllupct' ;  <I  Provinsen'  (1890);  'Den 
K*re  Familie'  (1892);  'Magdalene'  (1893); 
'Den  Store  Maskerade'  (1895);  'Vandrcfal- 
ken'  (1898);  «Det  Gamle  Hjem'  (1899); 
'Sangerinden'  (1901). 

ESMARCH,  Johannes  Friedrich  August, 
y6-han'nes  fred'riH  ow'goost  es'marH,  German 
military  surgeon:  b.  Tonning,  Schleswig-Hol- 
stein,  9  Jan.  1823;  d.  23  Feb.  1908.  He  received 
his  medical  and  surgical  education  in  the  uni- 
versities of  Kiel  and  Gottingcn,  and  in  1860  was 
appointed  director  of  the  Kiel  Hospital.  In 
1870  he  was  a  member  of  the  hospital  commis- 
sion of  the  Prussian  army,  physician-gen- 
eral and  consulting  surgeon  of  the  army  and 
introduced  a  system  of  bloodless  operations 
and  originated  noteworthy  improvements  in 
ambulances  and  barrack  hospitals.  In  the  au- 
tumn of  1888  he  made  a  trip  to  the  United 
States.  He  was  an  authority  on  gunshot 
wounds.  Among  his  published  works  are 
'Ueber    Resektionen     nach  Schusswunden' 
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(1851);  'Beitrage  zur  praktischen  Chirurgie* 
(1853-60);  'Ueber  chronische  Gelenkentztin- 
dungen'  (1867);  'Ueber  den  Kampf  der  Hu- 
manstat  gegen  die  Schrecken  des  Kreges' 
(1869);  'Der  crste  Vcrband  auf  dern 
Schlachtfelde'  (1899,  3d  ed.) :  '  Verbandplatz 
und  Feldlazarett'  (1871);  Ueber  ktinstliche 
Blutteere  bei  Opcrationcn'  (1873);  'Hand- 
buch  der  kricgchirurgischen  Technik*  (1877)  ; 
'Die  crste  Hilfe  bei  ploulichen  Unglucks- 
f alien'  (1901). 

ES MENARD,  Joseph  Alphonse,  French 
editor  and  poet:  b.  Pelissane,  Bouchcs  du 
Rhone,  1769;  d.  1811.  He  came  to  Paris  about 
1797  and  became  cocditor  of  La  Quotidienne 
and  in  the  following  year  of  Le  Mercure  de 
France.  He  was  secretary  to  Villaret-Joyeuse, 
governor  of  Martinique  under  the  Consulate, 
and  in  1804  was  consul  in  the  island  of  Saint 
Thomas.  In  1805  he  published  'La  navigation.' 
a  poem  inspired  by  his  early  travels  in  America. 
In  1810  he  was  elected  to  the  Academy.  Soon 
afterward  a  caustic  article  on  Russia  in  Lt 
Journal  de  I'Empire  so  annoyed  Napoleon 
that  he  banished  Esmenard  from  France. 

ESMERALDAN,  a  linguistic  stock  of 
aborigines  of  South  America,  who  formerly 
dwelt  along  the  Esmcraldas  River  in  northern 
Ecuador.  Consult  Rivet  (in  L'Annee  linguis- 
tique,  1908-10)  and  Sclcr.  'Geschichte  Abh. 
zur  amcrikanischen  Sprach-und  Altertums- 
kunde'  (Vol.  I,  pp.  49-64,  Berlin  1902). 

ESMOND,  Henry  V.,  (real  name,  Tack), 
English  actor  and  dramatic  author:  b.  Hamp-  . 
ton  Court,  1869.  He  was  educated  by  private 
tutors,  went  on  the  stage  in  1885  but  after  10 
years  abandoned  it  for  the  dramatic  field.  He 
produced  'Rest';  'Bogcv'  and  'The  Divided 
Way';  'One  Summer's  Day'  (1897);  'Grier- 
son's  Way'  (1899);  'The  Wilderness'  (1901); 
'When  We  were  Twenty-one'  (1901);  'The 
Sentimentalist';  'My  Lady  Virtue'  (1902); 
'Billy's  Little  Love  Affair'  (1903);  'The 
O'Grindlcs'  (1907);  'Under  the  Greenwood 
Tree'  (1907);  <A  Young  Man's  Fancy'  (1912). 
Consult  Winter,  W.,  'The  Wallet  of  Time' 
(2  vols..  New  York  1913). 

ESNAMBUC,  Pierre  Belain  d*.  French 

navigator:  b.  Allonville.  1585;  d.  1636.  While 
commanding  a  vessel  in  the  Carihbcan  he 
seized  the  island  of  Saint  Christopher  and  so 
established  his  title  as  founder  of  the  French 
settlements  in  that  region.  He  suggested  a 
plan  for  dividing  the  island  between  France  and 
England  which  was  approved.  He  brought  about 
500  immigrants  there  in  lb26  and  in  the  re- 
maining years  of  his  life  founded  colonies  on 
Martinique  and  other  islands  of  the  Antillean 
group.  He  was  the  founder  of  the  town  and 
fort  of  Saint  Pierre,  which  was  annihilated  by 
a  volcanic  eruption  on  8  May  1902. 

ESNEH,  eVne.  or  ESNE.  a  town  in  upoer 
Egypt,  about  30  miles  above  Thebes  on  the  left 
bank  of  the  Nile.  It  is  a  seat  of  manufactures, 
produces  blue  cotton  cloth  and  pottery  and  is  a 
depot  of  caravans  from  Ahyssinia  and  Sen- 
naar.  The  town  was  anciently  called  Latopolis; 
and  was  the  centre  of  worship  of  the  fish  latus, 
a  species  of  carp.  Among  the  ruins  of  this 
once  populous  city  is  the  temple,  whose  portico 
is  in  good  preservation,  having  24  beautiful  col- 
umns and  a  zodiac  on  the  ceiling.  Coptic  re- 
mains are  in  the  neighborhood.  The  Christians 
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here  suffered  severely  in  the  persecution  under 
Diocletian  (a.d.  303). 

ESOCIDiE,  e-sosl-de.  See  Luciid*. 

ESOP.   See  JEsor. 

ESOPUS  FORMATION.  See  Caui*- 
Galli  Grit. 

ESOPUS  WAR,  a  long-continued  and 
desultory  conflict  between  the  Dutch  and  the 
Indians  at  a  place  in  Ulster  County,  N.  Y., 
known  to  the  Indians  as  Esopus,  but  now 
called  Kingston.  This  series  of  skirmishes  be- 
gan in  1658,  when  the  Dutch  filed  upon  some 
Indian  farm  hands,  who  were  drunk  and  riot- 
ous. Esopus,  which  the  Dutch  called  Wiltwyck, 
was  at  last  destroyed  by  the  aborigines,  who 
carried  off  40  women  and  children  and  killed 
21  men.  Governor  Stuyvcsant  sent  out  a  strong 
force  to  punish  the  Indians,  and  in  May  1664 
a  treaty  of  friendship  was  ratified. 

ESOTERIC,  es-6-ter'ik  (Gr.  iaurtp^, 
•inner"),  a  term  used  in  opposition  to  exoteric. 
In  reference  to  the  teaching  of  Pythagoras, 
Aristotle,  and  other  ancient  philosophers,  it  re- 
fers to  those  doctrines  which  they  expounded 
to  their  select  disciples,  in  contradistinction  to 
those  which  they  published  to  all  the  world 
(exoteric).  The  distinction  docs  not  necessarily 
imply  that  the  esoteric  doctrines  were  kept  se- 
cret as  a  mystery,  but  only  that  they  were  of  a 
higher  and  more  difficult  order.  (See  Aristo- 
.  tle;  Pythagoras).  Consult  Christ-Schmid, 
'Gescfhichte  der  Grieschischen  Litteratur>  (Mu- 
nich 1908). 

ESPALIER,  es-pal'yer.  in  gardening,  a 
sort  of  trellis-work  on  which  the  branches  of 
fruit-trees  or  bushes  are  extended  horizon- 
tally, with  the  object  of  securing  for  the  plant 
a  freer  circulation  of  air  as  well  as  a  full  ex- 
posure to  the  sun.  Trees  thus  trained  arc  not 
subjected  to  such  marked  nor  so  rapid  varia- 
tions of  temperature  as  wall-trees.  The  term 
is  most  commonly  used  in  France,  where  it  is 
applied  to  a  row  of  trees  planted  along  a  wall. 
See  Trellis. 

ESPARSETTE.   See  Sainfoin. 

ESPARTERO.  Baldomero,  bal'do-ma'ro 
es-par-ta'ro.  Duke  of  Vito;<ia.  Spanish  states- 
man: b.  Granatula,  27  Feb.  1792;  d.  Logrono.  9 
Jan.  1879.  The  son  of  a  wheelwright,  he  was 
educated  for  the  priesthood,  but  joined  the 
army  as  a  volunteer  in  1808  and  continued  with 
it  fighting  against  Napoleon  until  1814. 
Shortly  afterward  he  went  to  South  America 
where  he  served  in  the  army  of  Spain  against 
the  revolting  colonists.  He  returned  in  1824 
and  took  a  leading  part  in  the  conflict  with  the 
Carlists  and  was  one  of  the  most  prominent 
men  in  Spain  durng  several  decades  of  the 
19th  century.  He  was  lieutenant-general  and  com- 
mander-in-chief on  two  separate  occasions.  In 
this  capacity  he  twice  held  Madrid  against  the 
Carlists  (in  1836  and  1837)  ;  and  by  the  Agree- 
ment of  Vergara  (1839)  entered  into  with 
Maroto.  he  forced  Don  Carlos  to  withdraw 
from  Spain.  In  reward  for  these  services  to 
the  Crown  he  was  granted  the  titles  of  Duke 
of  Vitoria,  Duke  of  Morclia  and  grandee  of 
Spain.  In  1841,  on  the  resignation  of  the  re- 
gency by  the  Queen  Mother,  Maria  Christina, 
he  became  regent.  Two  years  later  he  was 
forced  into  exile,  which  he  spent  in  England. 


He  returned  to  Spain  in  1848  and  became  again 
head  of  the  government  in  1854-56.  In  1868 
his  name  was  put  forward  in  the  Cortes  as  a 
candidate  for  the  throne,  but  the  proposal  was 
unsuccessful  and  the  closing  years  of  his  life 
were  spent  in  retirement 

ESPARTO  (Gr.  onaproi ;  Lat,  spartum), 
a  grass,  the  Stipa  tcnacissima,  growing  in  Spain 
and  Africa,  known  to  the  ancients  and  applied 
by  them  to  the  manufacture  of  cordage,  matting, 
etc.,  and  still  more  extensively  used  at  the 
present  day.  Numerous  species  of  Stipa  are 
found  in  North  America,  chiefly  in  the  western 
part.  Esparto  grows  in  tufts  and  bunches,  like 
rushes,  to  a  height  of  from  two  to  four  feet, 
and  has  a  long  flat  blade,  which  becomes  cylin- 
drical when  the  ripened  plant  begins  to  dry.  It 
is  pulled  up  by  the  roots,  dried  in  the  sun  and 
packed  in  bundles  for  exportation.  Besides 
the  various  uses  already  indicated,  esparto  has 
for  some  time  been  applied  to  the  manufacture 
of  paper.  Formerly  the  supply  of  esparto  was 
almost  wholly  obtained  from  Spain,  but  a 
closely  allied  fibre  called  alfa  (Stipa  armaria) 
is  now  obtained  in  still  larger  quantity  from 
Algeria,  while  a  third  fibre,  dis  (Festuca  pa- 
tula),  is  imported  for  the  same  purpose  from 
Tripoli  and  Tunis.  See  Feather  Bunch-crass; 
Fibre. 

ESPATOLINO.   See  Sab  or  Espatolino. 

ESPERANTO  LANGUAGE.  •Esper- 
anto,8 successor  to  'Volapuk*  in  the  effort  to 
establish  an  international  language,  has  made 
considerable  progress.  The  latest  reports  show 
that  a  substantial  and  lasting  interest  in  this 
linguistic  enterprise  now  exists.  In  1887  Dr. 
Zamenhof,  a  Russian  physician,  issued  his  first 
pamphlet  concerning  a  suggested  new  interna- 
tional language,  to  be  called  "Esperanto*  Only 
small  progress  was  made  during  the  first  10 
years  of  the  movement.  The  idea  first  took 
root  in  the  originator's  native  country.  Rus- 
sian educators  and  other  men  of  culture  looked 
upon  the  innovation  with  favor.  After  the 
lapse  of  a  decade,  a  start  was  made  to  intro- 
duce the  Zamenhof  idea  among  the  Norwe- 
gians and  Swedes.  They,  too,  showed  a 
friendly  attitude.  Then  France  manifested 
great  interest,  and  almost  immediately  became 
prominent  as  a  stronghold  of  Esperantism. 
From  France  the  movement  extended  to  Ger- 
many, thence  to  Austria,  Switzerland,  Italy  and 
England.  In  the  latter  country  30  societies  of 
Esperanlists  were  organized  within  a  year  of 
the  system's  introduction.  During  the  past 
years,  active  missionary  work  has  been  under- 
taken in  the  United  States  looking  toward  the 
promulgation  of  the  Zamenhof  plan  for  use  in 
commercial,  educational  and  other  fields.  There 
is  little  doubt  as  to  the  success  of  the  outcome, 
indorsed  as  it  is  by  some  of  the  greatest  philol- 
ogists in  Germany,  Austria,  England.  France, 
Russia  and  the  United  States.  Advocate*  of  an 
international  language  have  in  the  past  in- 
cluded numerous  philosophers  and  scientists,  in- 
cluding Roger  Bacon,  Descartes,  Pascal,  Leib- 
nitz, Locke,  Condillac,  Voltaire,  Diderot,  and, 
more  recently,  Tolstoi,  who  unqualifiedly  sup- 
ported the  Esperanto  movement  and  learned 
its  grammar  rules  in  an  hour.  Only  of  late 
years  have  the  linguistic  theories  of  these  fa- 
mous thinkers  been  molded  into  anything  like 
practical  shape. 
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Occasions  Calling  for  the  Use  of  an  Inter- 
national Language. —  One  of  the  principal 
reasons  for  renewal  of  interest  in  the  direction 
of  one  universal  language  is  the  necessity  for 
producing  a  vehicle  of  common  expression 
among  delegates  representing  various  countries 
at  congresses  and  on  similar  occasions.  It  has 
been  found  difficult  for  individuals,  acting  for 
their  respective  nations,  to  keep  in  touch  with 
the  proceedings  from  day  to  day.  The  ex- 
tended use  of  Esperanto  and  the  widespread 
appreciation  manifested  in  its  development  indi- 
cates that  the  method  of  Dr.  Zamcnhof  offers  a 
feasible  solution  of  what  has,  hitherto,  been  an 
unsolved  problem.  In  addition  to  the  advan- 
tages of  having  a  common  language  for  cos- 
mopolitan assemblages,  the  transaction  of 
voluminous  mercantile  affairs  between  nations 
and  merchants  of  various  nations,  requires  some 
such  system  to  facilitate  the  making  of  purchases 
and  adjustment  of  mercantile  accounts.  For 
educational  purposes,  as  in  other  ways,  the 
availability  of  a  means  whereby  educators  can 
compare  systems  and  processes  without  en- 
countering the  difficulties  connected  with  proper 
and  complete  translation  is  very  evident. 

Present  Uses  of  the  Esperanto  Language. 
—  From  a  recently  published  review  it  is 
learned  that  among  the  books  in  the  Esperanto 
language,  are  translations  from  every  known 
national  tongue  in  common  use,  and  many  orig- 
inal novels.  The  number  of  periodicals,  includ- 
ing national  propaganda  journals,  scientific  and 
official  organs  of  various  international  socie- 
ties, such  as  the  Good  Templars,  the  Free 
Masons,  the  Roman  Catholics,  Peace  Associa- 
tions, etc.,  printed  in  the  international  language, 
before  the  outbreak  of  the  European  War  ex- 
ceeded 200.  Since  August  1914  many  of  the 
magazines  in  the  smaller  countries  —  notably, 
Belgium,  Poland,  Bulgaria,  Roumania,  etc.— 
have  been  forced  temporarily  to  suspend  pub- 
lication, although  the  official  organs  are  still  ap- 
pearing regularly  in  England,  France,  Russia, 
Germany,  Holland,  Xorway,  Sweden,  Italy, 
Spain,  United  States  and  several  of  the  South 
American  countries.  On  the  continent  of  Eu- 
rope and  in  the  United  States  representative 
daily  and  weekly  newspapers  regularly  publish 
articles  in  Esperanto,  many  courses  of  study 
have  been  furnished  by  the  press  and  editorial 
endorsements  arc  most  frequent.  Esperantist 
clubs  and  societies  are  operating  in  practically 
all  of  the  European  cities  and  have  large  mem- 
bership. Among  the  most  important  are  those 
of  Paris,  with  3,000  members,  Marseilles,  Lyons, 
Bordeaux,  Havre,  Lille,  London,  Moscow,  Ber- 
lin and  Dresden.  The  Esperanto  Association  of 
North  America  reports  affiliated  club<  in  nearly 
ail  of  the  large  cities  and  in  many  of  the  smaller 
ones  in  both  the  United  States  and  Canada. 

Several  French,  English  and  American  pub- 
lishers have  undertaken  in  an  extensive  way  to 
publish  Esperanto  w-orks,  conditional  on  the 
possession  of  exclusive  rights,  while  the  various 
national  Esperanto  publishing  houses  turn  out 
many  books  annually.  A  library  of  over  5,000 
volumes — constantly  increasing— including  text- 
books, translated  and  original  works,  is  now 
found  listed  in  the  Esperanto  catalogues. 
Quite  a  number  of  large  commercial  concerns 
are  using  the  system  for  cable  and  telegraphic 
purposes.  Courses  of  study  in  Esperanto  form 
an  attractive   feature  in  commercial  schools, 
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clubs  and  public  institutions,  some  of  which 
make  a  special  feature  of  teaching  the  blind  to 
read  by  the  new  system.  Several  of  the  stand- 
ard typewriters  arc  equipped  with  Esperanto 
keyboards,  and  in  that  connection  many  stenog- 
raphers are  learning  the  use  of  the  language  for 
shorthand  purposes. 

In  the  colleges  and  schools,  Esperanto  is 
commanding  considerable  attention.  One  of  the 
Esperantist  triumphs  was  the  delivery  of  an 
address  in  the  Esperanto  language  by  Mr.  Moch, 
the  famous  peace  advocate,  at  the  International 
Peace  Congress,  Lucerne.  At  the  Boulogne 
Universal  Esperanto  Congress,  1,200  delegates 
from  22  countries  spoke  the  Esperanto  lan- 
guage freely  and  understood  each  other  thor- 
oughly. A  complete  test  was  made  by  means 
of  speeches,  discussions,  concerts,  dramatic 
performances  and  religious  services.  During 
that  congress  the  work  of  Dr.  Zamcnhof  was 
officially  noticed  by  the  French  government. 
The  Minister  of  Public  Instruction  extended 
thanks  in  behalf  of  the  president  of  the  repub- 
lic and  of  the  people  of  France.  In  the  course 
of  the  proceedings  a  reception  was  tendered  to 
the  creator  of  Esperanto  at  the  Hotel  dc  Villc, 
Paris.  If  further  proof  were  needed  that  the 
Esperanto  language  is  a  practical  spoken  tongue 

—  1 1  universal  congresses  have  been  sched- 
uled—  two  having  taken  place  in  the  United 
States.  The  largest  on  record  was  arranged 
for  Paris,  in  August  1914,  at  which  over  5.000 
delegates  representing  every  nation  on  the 
globe  had  already  enrolled.  A  large  majority, 
including  a  number  from  the  United  States, 
had  arrived  in  Paris  for  the  Congress  week, 
when  the  declaration  of  war  was  made  known 

—  11  universal  congresses  have  been  sched- 
mecting  of  one  of  the  largest  and  most  unique 
international  gatherings  ever  known.  The  11th 
Universal  Congress  was  held  in  San  Francisco, 
August  1915,  in  conjunction  with  the  Eighth  Na- 
tional Convention  of  the  Esperanto  Association 
of  North  America.  The  value  and  use  of  Es- 
peranto in  the  war  have  been  attested  in  many 
ways.  Striking  instances  of  the  use  of  the  in- 
ternational tongue  between  Austrian  prisoners 
and  their  Russian  captors;  between  Russian 
captives  of  the  Austnans  and  Germans,  etc., 
have  been  made  known.  Esperantists  have  sent 
several  fully  equipped  Red  Cross  Esperanto 
ambulances  into  the  field  with  personnel.  Es- 
peranto is  being  taught  in  the  prison  and  intern- 
ment camps,  so  that  there  may  be  a  common 
language.  There  is  an  Esperanto  repatria- 
tion bureau  maintained  in  Geneva,  Switzerland, 
through  which  disrupted  families  are  brought 
together,  correspondence  forwarded,  and  much 
other  good  of  like  nature  accomplished.  State- 
ments relating  to  justification  for  the  war 
were  issued  in  Esperanto  by  governments,  no- 
tablv  the  French  and  German  —  the  latter  also 
issuing  official  war  bulletins  in  Esperanto  for 
international  distribution.  Keys,  weighing  but 
five  grams,  though  containing  the  elements  <»f 
the  language  and  vocabulary  of  more  than  2,000 
words,  are  published  in  practically  all  languages, 
for  international  conversational  and  correspond- 
ence purposes.  A  similar  scries  of  Esperanto 
Red  Cross  booklets  is  published,  and  much  other 
work  is  being  accomplished  along  these  lines. 
In  short,  Esperanto  is  proving  its  great  value 
for  its  intended  purposes  and  it  is  the  best  pass- 
port in  warring  countries  that  one  may  possess. 
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Method  of  the  Esperanto  Language.—  In 

the  general  plan  of  Dr.  Zamenhof  the  aim  is  to 
omit  all  accidental  words  in  the  language  of 
each  nation,  retaining  only  such  words  as  are 
common  to  all  nations.  Sounds  peculiar  to  any 
one  language  are  eliminated.  The  English  In 
and  appearing  in  English  words,  but  not  in 
those  of  the  French  or  German  languages,  are, 
therefore,  according  to  the  rule  of  the  origina- 
tor of  Esperanto,  dropped.  The  French  u,  the 
German  u  and  the  French  nasals  not  used  in 
English  are  left  out,  also  the  Spanish  n  and  /', 
and  the  German  //».  The  pursuance  of  this 
plan  removes  all  difficulties  as  to  pronuncia- 
tion. Phonetic  spelling  is  the  Esperanto  rule,  a 
certain  letter  having  the  same  sound  always. 
Mute  and  double  letters  are  cut  out.  The  letter 
x  becomes  ks,  ph  becomes  /,  ch  becomes  k  for 
the  guttural  sound,  and  f — c  remaining  for 
the  ordinary  sound  in  words  like  cigar.  The 
g  is  used  for  the  guttural  (gril,  garb),  and 
9  is  used  for  the  sibilant  aQ  which  is  equal  to 
age.  New  signs  introduced  are  t  and  Q.  But 
these  are  for  sounds  already  recognized.  A 
third  sign  takes  the  place  of  a  double  letter, 
viz.,  3  tor  sh  (sip  equals  ship  and  si  equals 
she).  Further  details  regarding  the  vocabulary, 
prefixes  and  suffixes  —  in  fact,  the  whole  gram- 
mar —  have  been  issued  in  separate  form  and 
can  be  readily  obtained  by  students.  It  will 
suffice  to  say  here  that  the  Esperanto  vocabu- 
lary is  much  smaller  than  that  of  any  other  lan- 
guage, containing  only  about  3,000  root  words, 
exclusive  of  scientific  and  technical  words,  as 
compared  with  32,000  in  the  French  language,  a 
considerably  larger  number  in  the  German  lan- 
guage, and  over  100,000  in  English.  The  sim- 
plicity of  the  Esperanto  grammar,  comprising 
16  fundamental  rules,  with  no  exceptions,  is 
quite  remarkable.  The  majority  of  those  who 
undertake  the  study  of  Esperanto,  diligently, 
with  the  proper  textbooks  or  instruction,  master 
it  in  a  short  time.  See  Universal  Language; 
Science  ok  Language. 

ESPERSON,  Pietro,  Italian  jurist,  b. 
Sassari,  Sardinia,  1833.  He  was  educated  at 
the  university  of  his  native  place  and  in  1860-65 
was  instructor  in  law  there.  In  1865  he  be- 
came professor  of  international  law  at  Pavia. 
He  published  'Rapporti  giuridici  tra  i  belli- 
geranti  c  i  ncutrali*  (1865)  ;  'La  questione 
Anglo-Americano  del  "Alabama,"  discussa 
sccondo  i  principii  del  diritto  intcrnazionale' 
(1869);  'Giurisdizionc  intcrnazionale  maritima' 
(1877);  (L'Angletcrre  et  les  capitulations  dans 
Pile  de  Chyprc  au  point  de  vue  du  droit  inter- 
national' (1879);  *Lc  leggc  sulla  naturalizza- 
zione  in  Italia'  (1886);  'De'  dritti  di  autore 
sulle  opera  dell'  ingegno  ne'  rapporti  interna- 
zionali'  (1899). 

ESPINAL,  Colombia,  town  in  the  depart- 
ment of  Tolima,  about  70  miles  south  of  the 
capital,  Bogota.  It  has  industries  of  tobacco 
and  pottery.    Pop.  about  8,000. 

ESPINAS,  Alfred  Victor,  al-fra  vek-tor 
a-spe-na,  French  sociologist :  b.  Saint  Florentin, 
Yonne,  France,  23  May  1844.  After  teaching 
philosophy  in  the  lycees  of  Bastia.  Chaumont. 
Havre  and  Dijon,  he  became  successively  pro- 
fessor of  philosophy  in  the  universities  of 
Douai,  Lille  and  Bordeaux  and  in  the  latter  was 
dean  of  the  faculty  of  letters  1887-90.  Since 
1894  he  has  been  professor  of  the  history  of 


social  economy  on  the  Chambrun  foundation, 
in  the  faculty  of  letters  of  the  University  of 
Paris.  Besides  contributing  largely  to  the 
Revue  Philosophique,  he  has  translated  (with 
Ribot)  Herbert  Spencer's  ' Psychology'  (1874), 
and  written  'Des  societes  animales'  (1877-78); 
'La  philosophic  experimcntalc  en  Italic* 
(1880)  ;  'Histoire  des  doctrines  economiques' 
(1893)  ;  'Les  origines  de  la  tcchnologie' 
(1897);  'La  philosophic  sociale  du  XVIIIe 
sieclc  ct  la  revolution'  (1898). 

ESPINASSE.  See  L'Espinasse. 

ESPINASSE,    Esprit    Charles  Marie, 

French  soldier:  b.  Castelnaudary  1815;  d. 
Magenta  1859.  He  invaded  the  National  As- 
sembly at  night  and  seized  the  quaestors  which 
enabled  Louis  Napoleon  to  effect  his  coup  d'itat 
of  2  Dec.  1851.  For  this  service  he  was  made 
general  and  aide-de-camp  to  the  emperor.  He 
fought  in  the  Crimean  War,  was  Minister  of 
the  Interior  in  February-June  1858,  and  in  this 
office  presented  to  the  chamber  the  "Law  of 
Public  Safety".  Later  he  was  appointed  sena- 
tor.   He  was  killed  at  the  battle  of  Magenta. 

ESPINEL,  Vicente  Martinez,  Spanish 
novelist  and  poet:  b.  Ronda,  December  1551; 
d.  1624.  He  studied  at  Salamanca,  was  ex- 
pelled from  the  university  there  in  1572,  served 
in  the  army  in  Flanders  and  about  1584  re- 
turned to  Spain.  In  1587  he  took  holy  orders, 
in  1591  was  appointed  chaplain  at  Honda.  He 
lost  this  charge  through  absenting  himself  with- 
out permission,  but  his  musical  ability  secured 
tor  him  the  position  of  choirmaster  at  Plasen- 
cia.  In  1591  appeared  his  'Divcrsas  Rimas,' 
which  showed  considerable  ability.  He  revived 
the  metre  known  as  decimas  —  a  stanza  of  10 
octosyllabic  lines  —  and  since  popularly  known 
as  espmclas.  He  is  said  to  have  added  a  fifth 
string  to  the  guitar,  but  this  is  disputed,  al- 
though the  evidence  against  it  is  far  from 
conclusive.  Espincl  is  best  remembered,  how- 
ever, for  his  picaresque  novel,  '  Relacioncs  de  la 
vida  del  Escudero  Marcos  de  Obregon'  (1618). 
This  work  is  an  autobiography  with  considerable 
embellishment.  From  it,  all  to  the  contrary 
notwithstanding,  Le  Sage  borrowed  about  one- 
fifth  of  his  'Gil  Bias.'  Many  poems  of  Espinel 
have  remained  unpublished  owing  to  their  licen- 
tious character.  Consult  Perez  de  Guzman's 
edition  of  'Marcos  de  Obregon'  (Barcelona 
1881);  Claretic,  Leo,  <Le  sage  romancier' 
(Paris  1890). 

ESPINOSA,  Aurelio  Macedonio,  Ameri- 
can educator:  b.  Carnero,  Colo.,  12  Sept.  1880. 
He  was  educated  in  the  public  schools  at 
Veteran  and  Del  Norte,  Colo.,  at  the  University 
of  Colorado  and  the  University  of  Chicago.  In 
1901-02  he  was  assistant  in  Romance  languages 
at  the  University  of  Colorado,  and  from  1902  to 
1910  was  professor  of  Spanish  and  French  at 
the  University  of  New  Mexico.  In  1910  he  was 
appointed  associate  professor  of  Spanish  at 
Leland  Stanford  University.  He  was  founder 
and  special  collaborator  of  the  Societe  Inter- 
nationale de  Dialectologie  Komaine  and  is 
honorary  member  of  the  Chile  Folklore  Society. 
He  is  the  author  of  'Metipsimus  in  Spanish  and 
French'  (1911);  'La  cosecha  humana'  (Span- 
ish trans,  of  Jordan's  'Human  Harvest,' 
1912);  *E1  Imperio  Invisible'  (Spanish  trans, 
of   Jordan's    'Unseen    Empire'    1915).  He 
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edited  Echegaray's  <E1  gran  galeoto'  (1903); 
and  <E1  Podcr  dc  la  impotencia'  (1906); 
Ayahs'  'Consuelo'  (1911);  Sierra  s  'Tcatro  de 
Ensucno'  (1917);  and  'Canci6n  de  Cuna>  (1918)  ; 
Bcnaventc's  'El  princ  pc  que  todo  lo  aprendio 
en  los  libros'  (1918);  with  C.  G.  Allen,  'Ele- 
mentary Spanish  Grammar'  (10  cds.,  1915-17)  ; 
'Elementary  Spanish  Reader*  (1916);  'Ad- 
vanced Spanish  Composition  and  Conversation' 
(1917);  Radin's  'Folklore  de  Oaxaca'  (1916). 
He  is  a  frequent  contributor  to  the  Revue  His- 
panique,  Journal  of  American  Folklore,  Re- 
vista  llustrada,  Revista  Positiva,  the  Monitor, 
etc. 

ESPIONAGE  ACT  OF  1917.  When  the 
Un'tcd  States  entered  the  European  War  in 
1917  it  immediately  became  apparent  that  ex- 
traordinary legislation  was  needed  to  keep  in 
check  treasonous  action  by  certain  citizens, 
but  more  especially  by  sympathizers  with  the 
enemy,  resident  in  the  country.  To  this  end  the 
Espionage  Act  was  passed,  15  June  1917.  The 
first  provision  was  that  whoever  was  in  any 
way  instrumental  in  the  gathering  of  informa- 
tion, pictures,  sketches,  etc.,  on  government 
property  with  the  intent  of  using  them  in  a  way 
detrimental  to  the  interests  of  the  United  States 
was  liable  to  a  fine  of  $10,000  and  to  imprison- 
ment for  two  years.  This  was,  of  course, 
designed  to  check  enemy  aliens  who  had  access 
to  navy  yards,  wireless  stations  or  places  where 
construction  work  was  going  on.  The  trans- 
mission of  such  information  to  a  foreign  coun- 
try, or  its  representative,  in  time  of  war,  was 
made  punishable  by  death,  or  30  years'  impris- 
onment, and  this  applied  to  any  sort  of  informa- 
tion that  m  ght  be  useful  to  an  enemy.  The  cir- 
culation of  false  reports  for  the  purpose  of 
causing  insubordination,  disloyalty,  mutiny,  etc., 
including  obstruction  of  enlistment,  was  made 
punishable  by  not  over  $10,000  fine  and  20  years' 
imprisonment.  Conspiracy  with  a  view  to  doing 
any  of  these  things  carried  the  same  punishment 
to  all  conspirators,  whether  or  not  the  things 
were  accomplished.  The  harboring  or  conceal- 
ing of  any  one  guilty  of  such  treasonable  of- 
fense involved  a  possible  fine  of  $10,000  and  two 
years'  imprisonment. 

The  Espionage  Act  also  gave  power  to  the 
President,  in  case  of  emergency,  to  regulate  the 
anchorage  and  movement*  of  vessels  in  United 
States  waters,  and  provided  not  over  $10,000 
fine  and  two  years'  imprisonment  for  any  one 
failing  to  comply  with  or  interfering  with  the 
carrying  out  of  stich  regulations.  A  similar 
provision  was  made  with  reference  to  the  har- 
boring of  enemies  on  vessels  in  United  States 
waters.  The  injury  of  vessels  engaged  in  for- 
eign commerce,  as  by  setting  fire  to  them  or 
placing  bombs,  carried  a  fine  not  exceeding  $10,- 
000  and  20  years'  imprisonment.  Any  other  form 
of  violent  obstruction  of  exportation  called  for 
not  over  $10,000  fine  and  10  years'  imprison- 
ment. 

For  the  enforcement  of  neutrality  the 
Espionage  Act  carried  a  long  list  of  prohibi- 
tions. On  reasonable  cause  any  vessel  might  be 
detained  in  port,  to  prevent  the  unlawful  ship- 
ment of  supplies  or  dispatches.  The  sending 
out  of  armed  vessels  without  permission  was 
strictly  prohibited.  Very  careful  regulations 
were  made  to  prevent  anv  sending  of  goods 
where  they  might  be  transshipped  to  an  enemy. 
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and  statements  had  to  be  filed  with  the  col- 
lector of  customs  to  aid  in  carrying  out  such 
orders.  The  taking  of  a  vessel  out  of  port  in 
violation  of  the  rules  laid  down  involved  a  fine 
of  not  over  $10,000,  plus  five  years'  imprison1 
mcnt,  and  forfeiture  of  the  vessel  and  goods. 
Any  interned  alien  escaping  or  attempting  to 
escape  was  liable  to  $1,000  fine  and  a  year  in 
prison.  Being  engaged  in  any  unauthorized  or 
filibustering  military  expedition  carried  a  possi- 
ble fine  of  $3,000  and  three  years  in  prison.  The 
President  was  authorized  to  use  the  army  or 
navy  as  necessary  to  carry  out  any  of  the  pro- 
visions specified. 

The  seizure  of  arms  and  other  articles  in- 
tended for  export  was  provided  for,  and  the 
same  forfeited  to  the  United  States,  and  the 
method  of  trying  such  a  case  before  a  compe- 
tent court  was  set  forth.  The  President  was 
also  given  power,  during  the  war,  to  declare 
certain  exports  unlawful,  such  as  in  his  d  scrc- 
tion  might  be  harmful  to  the  United  States, 
and  the  penalty  was  placed  at  not  over  $10,000 
fine  and  two  years  in  jail.  Directors  and 
officials  of  transportation  companies  were  made 
personally  liable.  The  disturbance  of  foreign 
relations  was  provided  against  by  making 
criminal  any  harmful  statements  to  or  about 
foreign  officials,  under  certain  conditions,  or  the 
impersonation  of  a  foreign  official,  or  the  acting 
as  an  agent  of  a  foreign  government  except  as 
a  regularly  appointed  consul  or  attache,  was 
punishable.  Conspiracy  in  this  country  to 
destroy  property  in  a  foreign  country  was  cov- 
ered under  this  clause,  and  carried  not  over  five 
years'  imprisonment  and  $5,000  fine.  All  abuses 
of  the  passport  privilege  were  severely  dealt 
with.  The  counterfeiting  of  the  government 
seal,  or  mutilation  or  alteration  of  any  docu- 
ment bearing  such  seal,  involved  a  possible 
$5,000  fine  and  10  years'  imprisonment. 

The  act  included  a  very  long  section  as  to 
the  issuing  of  search  warrants.  Th:s  per- 
mitted judges  of  District  Courts  as  well  as  of 
State  and  Territorial  courts  to  issue  sear-h 
warrants  for  either  property  or  papers  em- 
bezzled contrary  to  a  law  of  the  United  S*ate<i 
Probable  cause  had  to  be  shown,  supported  by 
affidavits,  the  rights  of  citizens  being  carefully 

firotected,  but  when  the  warrant  was  issued  a^d 
n  the  hands  of  the  proper  officer  he  had  the 
right  to  break  and  enter  as  might  be  necessary 
to  carry  out  the  search.  Such  officer  had  to  give 
a  receipt  and  inventory  of  the  property  so  taken, 
under  oath,  and  a  copy  must  be  placed  with  »h» 
person  from  whom  the  property  or  papers  were 
taken.  Restoration  of  the  property  in  case  of 
error  was  provided  for.  Obstruction  of  such 
search  warrant  officers  in  their  duty  involved  a 
fine  of  not  over  $1,000  and  a  year's  imprison- 
ment. 

The  use  of  the  mails  was  prohibited  for  anv 
papers,  etc.,  in  violations  of  the  provisions  of 
the  Espionage  Act,  but  only  a  search  warm"t 
authorized  the  opening  of  a  sealed  letter  ad- 
dressed to  another.  All  treasonable  matter  was 
declared  non-mailable,  and  the  mailing  or  at- 
tempting to  mail  such  carried  a  possible  fine  of 
$5,000  and  five  years'  imprisonment. 

The  Espionage  Act  was  framed  so  as  to  in- 
clude not  nntv  'h"  Hn:»rd  States  proper  bm  a" 
its  territories,  as  the  Philippine  Islands  ar>d  th 
Canal  Zone,  and  all  its  waters,  continental  or 
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insular.  The  act  is  a  document  of  over  10,000 
words,  under  13  titles,  and  was  modeled  more 
or  less  on  the  experiences  of  Great  Britain  in 
dealing  with  the  same  sort  of  difficulties  during 
the  earlier  years  of  the  war.  It  proved  quite 
effective  in  checking  the  evils  at  which  it  was 
aimed,  and  after  the  first  year  of  the  war  there 
was  very  little  enemy  activity  in  the  United 
States  and  all  surreptitious  treason  was  effec- 
tively stamped  out  except,  of  course,  that  which 
occurred  sporadically  and  not  as  the  result  of 
organized  bands  of  conspirators. 

ESPINOSA,  Gaipar  de,  Spanish  soldier: 
b.  Medina  del  Campo,  about  1484;  d.  1537.  He 
studied  law  and  entered  into  practice  in  Spain. 
In  1514  he  came  to  America  with  Pedrarias 
Davila  and  was  made  chief  justice  at  Darien. 
He  presided  over  the  tribunal  which  condemned 
Balboa  to  death,  but  only  passed  sentence  on  the 
latter  at  the  express  command  of  Davila.  He 
resigned  his  judicial  office  and  led  several  expe- 
ditions against  the  aborigines,  whom  he  treated 
most  inhumanely.  He  founded  Panama  in  1518, 
returned  to  Spain  a  few  years  afterward  and 
was  sent  out  soon  again  as  a  Crown  officer  in 
Santo  Domingo.  He  backed  Pizarro  in  his 
second  expedition  against  Peru  and  accom- 
panied him  to  the  latter  country,  where  he  died 
at  Ctizco. 

ESPIRITO-SANTO,  es-pe're  too-san't&, 
Brazil,  a  state  bounded  on  the  north  by  the  state 
of  Bahia,  on  the  cast  by  the  Atlantic  Ocean,  on 
the  south  and  west  by  the  states  of  Rio  de 
Janeiro  and  Minas  Geraes.  Area  17,312  square 
miles.  The  coast  lands  arc  swampy,  but  in  the 
interior  mountains  rise  to  a  height  of  7,000  feet; 
the  highest  of  these,  Mestre  Alvares,  is  one  of 
the  most  conspicuous  landmarks  on  the  Brazilian 
coast.  The  temperature,  which  is  tropical,  is 
moderated  by  the  state's  proximity  to  the  sea. 
The  state  has  immense  forests,  and  is  noted 
for  the  valuable  woods  found  in  them  and  the 
rare  drugs  which  arc  distilled.  The  Doce  River 
flows  through  some  of  the  richest  of  the  hinter- 
lands, but  is  navigable  only  for  very  small  craft. 
Sao  Mathcus,  in  the  northern  part  of  the  state, 
is  surrounded  by  coffee  and  mandioca  planta- 
tions, the  products  of  which  are  shipped  from 
this  port,  officially  known  as  Conceicao  de 
Barra.  A  number  of  small  ports  intervene  be- 
tween the  Doce  River  and  the  spacious  bay  of 
Espirito-Santo,  which  has  given  its  name  to  the 
state.  Coffee,  the  chief  agricultural  product,  is 
largely  exported.  Other  exports  are  sugar, 
tap: oca,  cotton,  cocoa,  hides  and  skins,  and 
woods.  There  are  valuable  marble  deposits, 
wh:ch  are  not  mined.  A  railway  is  being  built 
to  connect  Ouro  Preto,  on  the  upper  waters  of 
the  Doce,  with  the  coast.  Cotton  goods  arc 
manufactured  in  the  town  of  Pessanha  The 
population  of  the  state,  which  was  135.9°7  in 
1K90.  increased  to  430  000  in  1913,  this  growth 
being  due  to  European  'mmipration.  A  few 
years  ago  the  city  of  Victoria  (pop.  15.000) 
had  almost  no  maritime  trade,  as  its  port  was 
too  shallow  to  admit  large  vessels.  Recently 
improvements  have  been  made  in  the  harbor, 
which  now  accommodates  transatlantic  steam- 
ers, and  both  trade  and  immigrants  have  sought 
it.  It  was  first  visited  by  the  Portuguese  in 
1535.  Colonies  of  Germans,  Poles,  Swedes, 
Tvrolesc,  Portuguese  and  Italians  are  estab- 
lished  near   Anchieta,  Alfredo  Chaves,  Ita- 


pemirim  and  Cachoeiro  —  chiefly  in  the  south- 
ern part  of  the  state.  Some  of  these  colonics 
are  under  government  protection,  receiving  an- 
nual subsidies  of  seed  and  cattle;  but  the  ma- 
jority of  the  colonists  already  own  lands  which 
they  work  without  government  aid.  Education, 
though  well  subsidized  by  the  government,  is,  so 
far  as  the  native  population  is  concerned,  in  a 
very  backward  cond  tion.  The  state  returns  four 
representatives  to  the  Chamber  of  Deputies. 

ESPLANADE,  es-nla-nad',  in  fortification, 
the  wide  open  space  left  between  a  citadel  and 
the  nearest  house  of  the  city,  to  prevent  an 
enemy  from  being  able  to  assail  it  under  cover 
of  these  houses.  The  term  is  also  frequently 
applied  to  a  kind  of  terrace,  especially  along  the 
seaside,  for  public  walks  or  drives  and  also  to  a 
wide  city  street. 

ESPOUSAL  (SPONSALIA),  or  BE- 
TROTHAL, according  to  Church  law  con- 
sists of  a  deliberate  mutual  promise  of  mar- 
riage, expressed  by  outward  signs,  between  two 
persons,  both  of  whom  may  lawfully  and  validly 
enter  into  such  an  engagement.  When  such 
promise  is  made  and  accepted  on  both  sides, 
neither  party  can  lawfully  withdraw  from  it 
without  the  other's  consent  or  unless  something 
occurs  or  some  circumstance  comes  to  l  ght 
which,  had  it  been  known  in  time,  would  have 
hindered  the  engagement.  Formerly  such  en- 
gagements used  to  be  made  with  some  solemnity 
ecclesia  or  at  least  in  presence  of  wit- 
nesses; now  they  are  usually  made  without  cere- 
mony or  publicity.  See  Marriace.  Consult 
Mielziner,  'The  Jewish  Law  of  Marriage  and 
Divorce>  (Cincinnati  1884). 

ESPRIT  DES  LOIS.   See  Spirit  of  the 

Laws. 

ESPRITS  FORTS  (bold  spirits),  the  name 
of  the  French  school  of  writers  better  known  as 
freethinkers,  which  included  D'Alembert, 
D'derot,  Helvetius  and  Volta're.  This  school 
aimed  not  to  establish  general  toleration  for 
all  forms  of  speculation,  but  sought  to  improve 
their  own  views  of  religion  and  philosophy. 
They  recognized  pure  reason  as  the  only  de- 
pendable guide;  their  motto  might  have  bcrn 
"L'esprit  prime  tout*  (Intellect  is  supreme). 
They  had  a  wide  influence  on  their  time,  and 
their  doctrines  have  borne  fruit  ever  since,  the 
quality  varying  greatlv  among  the  different 
races  and  peonies.  Their  extreme  radicalism 
may  be  said  to  have  waved  the  way  to  socialism : 
wh'le  their  less  radical  principles  have  helped 
build  the  democracies  of  our  day. 

ESPRONCEDA,  Jos6  de,  Spanish  noet :  h. 
Almcndraleio.  (RaHaioz)  1810:  d.  Madrid.  23 
May  1842.  His  father  was  a  colonel  of  cavalry, 
and  the  boy  was  born  in  the  armv  for  his 
mother  ins:sted  on  following  her  husband  dur- 
ing his  camnaiens.  At  the  close  of  the  «-ar 
young  Esnronceda  was  put  into  school  in  Mad- 
rid; and  there  he  soon  distinguished  himself  by 
his  nrecocirv.  h»s  love  of  noetrv.  h's  enthusiasm 
and  his  good  literary  taste.  At  the  aee  of  14 
he  was  already  known  as  a  poet  of  great 
promise.  He  was  filled  with  democratic  and 
revolutionary  ideas;  and  he  was  arrested  for 
his  boldly  advocated  ideas  in  his  15th  year,  and 
confined  in  a  convent  in  Guadalajara,  where 
his  parents  were  then  living.  There  he  began 
the  composition  of  his  celebrated  poem  «EI 
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Pclayo.'  On  his  liberation  from  prison  he  went 
to  Madrid;  but  feeling  that  his  every  movement 
was  watched,  by  agents  of  the  government,  he 
went  to  Gibraltar,  and  from  there  to  Lisbon. 
London  and  Paris.  Later  he  fought  in  the 
revolutionary  ranks  in  Paris  (1830).  He  then 
joined  an  expedition  sent  to  help  Poland.  After 
long  wandering  and  exile  from  home,  often 
with  the  most  limited  means  of  subsistence,  he 
finally  took  advantage  of  the  act  of  amnesty  of 
1833  and  returned  to  Spain.  There  he  might 
have  lived  in  peace  and  followed  his  poetical 
inclinations,  but  his  revolutionary  bent  kept  him 
in  constant  trouble.  Through  family  influence 
he  obtained  a  commission  in  the  Queen's 
Guards  (1833)  ;  but  he  was  soon  dismissed 
from  the  army  and  again  forced  into  exile,  on 
account  of  his  interference  in  politics.  The 
following  year  he  was  permitted  to  return  to 
Madrid,  where  he  again  plunged  into  militant 
politics,  and  into  the  insurrectionary  movements 
of  1835-36.  From  this  on  he  became  the  most 
ardent  of  the  Spanish  advocates  of  republican- 
ism ;  and  in  18-10  his  was  the  most  listened  to 
voice  in  revolutionary  Spain.  In  December 
1841  he  was  sent  as  secretary  of  legation  to  The 
Hague  by  the  Republicans  who  had  secured 
possession  of  the  government,  a  position  he 
retained  a  very  short  time  because  of  his  elec- 
tion as  deputy  for  Almeria.  Already  ill  from 
his  residence  in  the  damp  and  cold  climate 
of  Holland,  he  hastened  back  to  Madrid  only 
to  die  of  a  severe  inflammation  of  the  throat. 

Espronceda  is  the  greatest  of  the  passionate, 
patriotic  poets  of  Spain.  With  him  patriotism 
was  a  passion  and  hatred  of  autocracy  an  ob- 
session which  mastered  him.  There  is  no  more 
passionate  and  compelling  voice  in  all  Spanish 
literature  than  his.  He  runs  all  the  gamut  of 
feeling;  love  of  the  most  passionate  kind;  the 
fiercest  hatred  of  oppression  and  injustice;  the 
deepest  patriotism,  expressed  in  the  most  com- 
pelling words;  the  wildest  visionary  delight  in 
socialism;  the  passion  of  great  aspirations  and 
pure  and  noble  purpose ;  and  the  depths  of 
despair  of  atheism  and  of  vanished  hopes  and 
disappointed  aspirations.  On  account  of  his 
vivacity,  his  burning  imagery,  his  wonderful 
power  of  word  painting,  his  simple  direct  meth- 
ods in  literature  and  his  ever  vouthful  mind, 
Espronceda  has  been  called  in  Spain  "the  poet 
of  youth  and  of  democracy."  No  other  writer 
in  Spanish  literature  or  Spanish  life  had,  at 
his  age.  at  his  death  (32),  such  a  hold  over  his 
followers  and  admirers  as  Jose  Espronceda. 
His  companion  and  fellow  poet.  Enrique  Gil, 
who  paid  his  last  poetic  tribute  to  him  at  the 
graveside,  broke  down  and  sobbed  like  a  child ; 
and  many  an  eye  was  wet  among  the  mourners 
for  the  bright  particular  light  of  democracy 
that  had  just  been  extinguished  in  Spain.  No 
definitive  edition  of  Espronceda's  works  has 
been  published  for  the  reason  that  his  efforts 
were  spread  over  such  a  wide  field  of  endeavor, 
and  his  writings  appeared  in  newspapers,  jour- 
nals, reviews  and  pamphlets.  Yet  numerous 
editions  of  the  best  known  of  his  literary  pro- 
ductions have  been  issued  in  Spain  and  in  several 
foreign  countries.  In  these  editions  the  follow- 
ing works  appear:  (E1  Palavo' ;  'Don  Sancho 
Saldana'  (1834);  'El  Estudiante  dc  Sala- 
manca'; the  drama  <Ni  el  Tio  ni  el  Sohrino,' 
written  in  collaboration  with  Antonio  Ros  de 
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Olano  (1834);  many  short  poems  of  a  social, 
political,  reflective  or  amatory'  nature;  'El 
Diablo  Mundo*  (1841)  ;  and  many  of  the  best 
lyrics  in  the  Spanish  language.  His  literary' 
work  has  the  form  of  Hugo  and  the  spirit  of 
Byron  with  an  originality  that  is  Espronceda's 
alone.  The  first  edition  of  his  collected  writ- 
ings appeared  in  Paris  in  1840,  the  second  in 
Madrid  in  1846;  and  the  Hartzenbusch  edition, 
with  a  biography  by  Ferrer  del  Rio,  in  Paris 
two  years  later.  A  more  complete  edition  than 
any  of  these  was  published  by  Espronceda's  only 
daughter,  Blanche  Espronceda  dc  Escosura  in 
1874.  A  fairly  complete  edition  of  his  poetical 
works  also  appeared  in  Barcelona  in  1883.  Sec 
El  Estumante  de  Salamanca. 

ESPY,  James  Pollard,  American  meteor- 
ologist, the  founder  of  modern  meteorology:  b. 
Washington  County,  Pa..  9  May  1785;  d.  Cin- 
cinnati, 24  Jan.  1860.  He  was  graduated  at 
Transylvania  University  1808.  The  name 
"storm-king*  was  given  to  him  for  his  originat- 
ing a  theory  of  storms  which  involved  him  in 
much  controversy.  He  studied  law  at  Xcnia, 
Ohio,  and  was  principal  of  the  academy  at 
Cumberland,  Md.,  for  five  years  (1812-17). 
From  there  he  went  to  the  Franklin  Institute. 
Philadelphia,  as  professor  of  classical  languages 
(1817-53).  In  1836  he  won  the  Magellanic 
prize  for  an  essay  on  the  theory  of  storms;  and 
four  years  later  he  visited  England  and  France 
where  he  explained  at  length  his  storm  theories 
before  the  chief  scientific  societies  of  both 
countries.  On  his  return  home  he  was  ap- 
pointed by  the  United  States  Congress  meteor- 
ologist to  the  War  Department,  and  later  to 
the  Navy  Department  also.  His  'Philosophy  of 
Storms'  which  was  published  in  1841  gained  him 
a  great  reputation  in  his  special  field.  His 
meteorological  doctrine  on  the  point  of  how 
atmospheric  disturbances  commence  was  ap- 
proved by  the  French  Academy,  but  his  views 
as  to  the  mechanics  of  storm  arc  contrary  to 
received  fact,  and  have  been  exploded.  His 
principal  contribution  to  practical  meteorology' 
was  his  institution  of  a  system  of  telegraphic 
weather  bulletins,  which  should  converge  at  the 
capital  and  give  daily  intelligence  of  the  weather 
in  different  widely  separated  points,  and  it  may 
be  justly  claimed  that  he  thus  laid  the  founda- 
tion of  all  sound  theory  on  the  subject  of 
weather  prediction.  Consult  Monthly  Weather 
Review  (Vol.  XXXV,  Washington  1907);  and 
Appleton's  Popular  Science  Monthly  (April 
1889). 

ESQUILACHE,  Don  Francisco  de  Borja 
y  Arag6n,  Principe  de  (Francisco  de  Borja  y 
Acevkim) ,  Spanish  poet:  b.  Madrid,  about  1581; 
d.  there  1658.  From  1614  to  1621  he  was 
viceroy  of  Peru,  after  which  he  returned  to 
Spain  and  lived  at  the  court  of  Madrid.  He 
wrote  'La  pasion  de  Nuestro  Seiior, '  a  sacred 
poem  (163S)  ;  'Napolcs  recuperada,'  celebrating 
the  conquest  of  Naples  (1651)  ;  a  translation  of 
Thomas  a  Kempis  (1661),  and  many  poems. 
Selections  of  his  works  are  included  in  'Biblio- 
teca  de  Autorcs  Espanoles.' 

ESQUILINE  HILL  (tnons  Esquilinus). 
the  hiphest  of  the  spven  hills  of  Rome.  It  is 
between  the  Viminal  and  the  Cselian  hills,  is 
246  feet  in  height  and  under  Augustus  was  laid 
out  in  pleasure  gardens,  known  as  the  Gardens 
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of  Maecenas.  Soon  after  it  was  the  fashionable 
residential  section  of  the  city.  Virgil,  Horace, 
Maecenas  and  Propertius  arc  the  most  celebrated 
of  its  residents  at  this  period.  The  baths  of 
Titus  and  Nero's  golden  palace  were  on  the 
Esquilinus  and  many  of  the  ruins  have  been 
uncovered  only  to  be  at  once  destroyed  in  the 
course  of  erecting  new  buildings.  In  the  mod- 
ern city  the  Esquiline  is  a  new  modern  portion 
with  fine  streets  and  buildings.  Consult  Plai- 
ner, "The  Topography  and  Monuments  of  An- 
cient Romc>  (2d  ed.,  New  York  1911). 

ESQUIMALT.  es-kwi'malt,  Canada,  naval 
base  in  British  Columbia,  on  the  southeast 
coast  of  Vancouver  Island,  and  on  the  Strait 
of  San  Juan  de  Fuca  and  the  Esquimalt 
and  Nanaimo  Railway,  four  miles  from 
Victoria.  The  harbor  is  extensive  and  capa- 
ble of  receiving  vessels  of  the  greatest  size, 
and  was  the  British  navy  station  for  this 
part  of  the  Pacific  coast.  It  has  a  navy  yard, 
and  a  large  dry  dock  built  in  1888.  The  de- 
fenses were  greatly  strengthened  by  the  British 
government,  and  a  British  garrison  was  sta- 
tioned here  until  in  1905,  on  the  Canadian  gov- 
ernment undertaking  to  look  to  the  defenses 
of  Canada,  it  was  withdrawn.  The  drydock 
was  transferred  to  the  Canadian  government  in 
1910. 

ESQUIMAUX.  Sec  Eskimo 

ESQUIRE,  iscuyr,  old  French ;  escudcro. 
Spanish ;  a  shield-bearer  or  armor-bearer,  an 
attendant  on  a  knight;  hence,  in  modern  times 
a  title  of  dignity  next  in  degree  below  a  knight. 
In  Great  Britain  this  title  is  given  properly  to 
the  younger  sons  of  noblemen,  to  officers  of 
the  king's  courts,  and  of  the  household,  to 
counsellors  at  law,  justices  of  the  peace  while 
in  commission,  sheriffs,  gentlemen  who  have 
held  commissions  in  the  army  and  navy,  and  in 
fact  to  anyone  save  tradesmen,  mechanics  and 
peasants.  It  is  usually  given  to  all  professional 
and  literary  men,  both  there  and  in  the  United 
States.  In  heraldry  the  helmet  of  an  esquire  is 
represented  sideways  with  the  visor  closed.  The 
title,  however,  no  longer  exists  as  a  creation  of 
letters  patent. 

ESQUIROL,  Jean  Etienne  Dominique, 

zhon  a-te-en  do-me-nek  es-ke-rol,  French  physi- 
cian :  b.  Toulouse.  4  Jan.  1772;  d.  12  Dec.  1840. 
His  life  was  chiefly  given  to  improving  the 
methods  of  treating  the  insane,  and  he  contrib- 
uted greatly  toward  the  abolition  of  the  barba- 
rous methods  so  long  in  vojruc.  In  1/99  he 
founded  a  model  asylum  at  Paris ;  visited  all 
the  asylums  in  France  1808;  was  appointed 
physician  to  the  Saltpctriere  1811;  and  in  1826 
became  head  of  the  private  asylum  at  Charcn- 
ton,  which  he  had  largely  planned.  In  1817  his 
public  revelations  of  the  abuses  current  in 
French  asylums  led  the  government  to  appoint 
an  investigating  commission.  His  studies  in- 
cluded the  architecture  and  construction  of 
asylums,  and  the  bc^t  of  the  earlier  19th  cen- 
tury' buildings  for  the  insane  in  France,  such 
as  those  at  Rouen,  Nantes  and  Montpelicr, 
were  built  in  accordance  with  his  plans  and 
instructions.  He  wrote  'Dcs  Illusions  chez  les 
Alicnes*  (1832;  English  trans.  1833)  ;  'Des 
maladies  mentales'  (1838);  and  articles  in  the 
'Dictionnaire  dcs  sciences  medicalcs,'  and  the 
'Encyclopedic  dcs  gens  du  monde.' 


ESOUIROS,  Henri  Francois  AJphonse, 

Oh-re  fran-swa  al  fons  es-ke-ros,  French  poet 
and  miscellaneous  writer:  b.  Paris,  23  May 
1812;  d.  Versailles,  12  May  1876.  His  first 
work,  a  volume  of  poetry,  'Les  Hirondellcs,' 
appeared  in  1834.  This  was  followed  by  numer- 
ous romances,  and  a  socialistic  commentary  on 
the   life   of   Christ,    'L'fivangilc    du  peuple' 

(1840)  ,  for  which  he  was  prosecuted  and  im- 
prisoned, and  'Charlotte  Corday>  (1840).  He 
then  published   'Les  chants  dun  prisonnier' 

(1841)  ,  poems  written  in  prison;  'Les  vierges 
folks'  (1842);  'Les  vierges  sages'  (1842); 
'L'histoirc  dcs  Montagnards'  (1847).  Having 
to  leave  France  in  1851,  he  resided  for  years 
in  England,  and  wrote  a  series  of  essays  for 
the  ' Revue  des  Deux  Mondes*  on  English  life 
and  character,  which  were  translated  under  the 
title  of  'The  English  at  Home,'  and  were  very 
popular.  He  also  wrote  a  similar  work  on  the 
Dutch.  Other  works  of  his  arc  (Lc  droit  au 
travail'  (1849);  'La  vie  future  au  point  de 
vue  socialiste'  (1857);  'Histoire  des  martyrs 
de  la  liberie'  (1851)  ;  «La  Morale  Universclle'  , 
(1859);  'Religious  Life  in  England*  (1867, 
published  in  English);  'Les  paysans'  (1877); 
<Le  chateau  enchante'  (1877),  a  novel. 

ESQUIVEL,  Juan  de,  hoo-rin'  da  es-ke-vfl, 
Spanish  soldier:  b.  1470;  d.  1519.  He  was  the 
companion  of  Ovando  when  the  latter  went  to 
Hispaniola  to  succeed  Bobadilla  as  governor. 
Ovando  sent  him  as  leader  of  an  armed  expe- 
dition against  the  uprising  of  the  native  chief, 
Cotabanama,  in  Higucy  province  in  1504.  In 
1509,  at  the  instance  of  Diego  Columbus,  he 
conquered  the  island  of  Jamaica  and  settled  it 
as  a  Spanish  possession.  The  colony  flourished 
under  his  administration,  and  he  founded  there 
the  city  of  Sevilla  Nueva. 

ESS,  Johann  Heinrich  von,  yiVhan  hln'rtH 
fan  es  (better  known  by  his  Benedictine  name 
"Leandkr"),  German  theologian:  b.  Warburg, 
15  Feb.  1772;  d.  Affoldcrbarh  in  the  Odenwald. 
13  Oct.  1847.  He  entered  the  Benedictine  abbey 
of  Marienmiinstcr  as  a  novice  1790;  was  pastor 
at  Schwalenberg  1799-1812;  and  professor  of 
theology  at  the  seminary  in  Marburg  1812-22. 
In  1807,  with  his  cousin  Karl,  he  published  a 
German  translation  of  the  New  Testament,  the 
circulation  of  which  was  forbidden  by  the  Pope. 
The  following  year  he  published  a  defense  of 
his  views  as  to  Bible  reading  by  the  people,  a 
new  edition  of  which  was  issued  in  1816  entitled 
'Gcdanken  liber  Bibel  und  Bibcllchre.'  After 
1822  he  gave  his  whole  time  to  circulating  his 
Bible  versions  among  the  people,  to  spreading 
his  doctrines  and  to  the  composition  of  a  Ger- 
man version  of  the  entire  Scriptures,  which  he 
finished  in  1840.  Others  of  his  publications 
are  'Was  War  die  Bibel  den  Ersten  Christen?' 
(1816);  'Die  Bibel  Nicht  ein  Buch  fur 
Priester'  ( 1818)  ;  an  edition  of  the  Vulgate 
(Tubingen  1822-24);  of  the  Scptuagint  (1824; 
new  ed.  1887)  and  of  the  Greek  New  Testament 
(1827). 

ESSAAD  EFFENDI,  Mohammed,  Turk- 
ish historian:  b.  Constantinople,  1790;  d.  1848. 
He  was  appointed  historiographer  of  the 
empire,  editor  of  the  official  state  journal,  and 
for  some  time  served  also  as  Ambassador  to 
Persia.  Caussin  de  Perceval  published  some  of 
his  work  under  the  title,  'Precis  historiquc  de 
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la  destruction  du  corps  des  Janissaires'  (Paris 
1833). 

ESSAD,  Pasha,  Albanian  soldier  and  adven- 
turer :  b.  about  1865.  The  descendant  of  a 
powerful  and  wealthy  family  —  the  Topdani  — 
who  maintain  to  this  day  a  sort  of  feudal 
authority  and  splendor.  Essad  began  his  varied 
career  in  the  Turkish  army.  His  elder  brother, 
Ghani,  became  a  secret  instrument  of  Abdul 
Hamid  II  for  the  no.sclcss  removal  of  ob- 
noxious personages.  A  relative  of  one  of  his 
victims  murdered  Ghani,  and  was  in  turn  shot 
down  by  Essad  on  Galata  bridge  in  broad  day- 
light. Combining  the  profession  of  a  bandit 
chief  with  that  of  a  soldier,  Essad  Pasha  had 
at  all  t.mes  a  host  of  Albanian  clansmen  at 
his  command.  He  espoused  the  cause  of  the 
Young  Turks  in  1908  and,  after  the  revival  of 
the  constitution,  was  sent  to  Constantinople  as 
a  deputy  from  Durazzo,  the  Alban  an  capital. 
It  was  Essad  Pasha  who  announced  to  the 
sultan  that  the  committee  had  decided  to  depose 
him.  On  the  outbreak  of  the  Balkan  Wars 
•  (q.v.)  he  was  appointed  commander-in-chief  to 
defend  Albania  with  some  18,000  troops.  With 
the  garrison  of  Jan.na  he  defended  that  place 
for  three  months  when  he  surrendered  to  the 
Greeks  with  30,000  men  on  6  March  1913;  six 
weeks  later  he  surrendered  Scutari  to  the 
Moutengrins.  It  appears  that  Essad  Pasha 
cherished  ambitions  to  create  Albania  an  inde- 
pendent state  with  himself  as  ruler,  and  there 
were  strong  grounds  to  believe  that  the  two 
capitulations  —  of  Janina  and  Scutar — were  the 
price  he  pa.d  for  eventual  recognition,  in  addi- 
tion to  which  he  received  a  handsome  fee  from 
Russia.  The  selection  by  the  powers  of  Prince 
William  of  Wied  to  be  king  of  Albania  nullified 
the  hopes  of  Essad  Pasha,  who  now  became 
Minister  of  War  under  the  new  regime.  Before 
long,  however,  he  was  fomenting  an  insurrec- 
t.on  and  was  deported.  The  king  of  Albania 
had  soon  to  flee  the  country  himself,  and 

Essad  Pasha,  under  Italian  protection,  returned 
to  Durazzo  in  October  1914  in  the  role  of  dicta- 
tor. He  was  elected  president  of  the  Albanian 
provisional  government.  He  dismissed  the 
Austrian  Minister  —  whose  government  had  sup- 
ported the  claims  of  Ismail  Kcmal  Bey  for  the 
kingsh.p  — and  strengthened  the  remnants  of 
the  Serbian  army  with  his  own  forces  against 
the  Austrians  and  Bulgarians.  In  1916  it 
was  reported  that  Essad  Pasha  had  fled  to 
Italy. 

ESSAY.  The  term  essay  is  used  in  various 
loosely  denned  ways,  but  usually  describes  a 
brief  prose  composition  of  an  expository 
character.  Originally  and  properly,  the  word 
implies  a  tentative  and  suggestive,  as  distin- 
guished from  a  formal  and  complete,  discus- 
sion ;  and  this  use  is  applicable  to  the  "familiar9 
essay,  the  most  purely  literary  of  all  the  types. 
Dr.  Samuel  Johnson,  from  the  same  standpoint, 
defined  the  essay  as  aa  loose  sally  of  the  mind, 
an  irregular,  indigested  piece*  On  the  other 
hand,  the  term  is  equally  applicable,  in  modern 
use,  to  formal  expository  compositions,  and 
has  even  been  extended  to  cover  treatises  of 
an  extensive  character,  as  Locke's  'Essay  Con- 
cerning Human  Understanding*  (1690).  In  the 
18th  century  it  was  also  extended  to  composi- 
tions in  verse,  notably  Pope's  'Essav  on  Man' 
1734.    Essays  arc  sometimes  classified,  for  con- 
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venience,  as  (1)  gnomic  or  aphoristic,  (2)  per- 
sonal or  familiar,  and  (3)  critical  or  didactic 
The  first  type,  which  may  be  regarded  as  the 
original  or  primitive,  represents  the  making  of 
an  essay  by  the  process  of  bringing  together 
gnomic  sayings  or  aphorisms  having  to  do  with 
the  same  subject, —  a  process  well  exemplified 
by  certain  portions  of  the  biblical  book  of 
Proverbs.  Thus,  while  the  greater  part  of 
that  book  is  made  up  of  brief  separate  proverbs 
or  epigrams,  these  arc  developed  into  what  may 
well  be  called  essays  in  such  passages  as  the 
account  of  Wisdom  (chap.  1,  verses  20-33) 
or  of  the  Virtuous  Woman  (chap.  31,  10-31). 
The  second  type  represents  the  treatment  of 
a  particular  subject  from  a  distinctively  in- 
dividual standpoint,  and  at  times  reaches  a 
point  of  development  closely  analogous  to  the 
personal  lyric  in  poetry.  The  third  type  rep- 
resents a  more  utilitarian  purpose,  and  has 
been  most  fruitfully  developed  in  the  pursuit 
of  literary  criticism.  But  the  several  types  are 
not  infrequently  blended,  and  others  might  well 
enough  be  added  if  the  classification  were  made 
complete. 

In  ancient  classical  literature  the  essay  was 
not  a  recognized  literary  form;  its  functions 
may  be  said  to  have  been  accomplished  largely 
by  the  epistle  and  the  d;alogue.  Thus  Bacon 
said  that  "Seneca's  epistles  to  Lucilius,  if  one 
mark  them  well,  are  but  essays* ;  and  one 
might  say  that  certain  of  Plato's  Dialogues 
mark  the  highest  reach  of  the  method  of  the 
essay  in  any  language.  To  a  later  philosopher, 
Theophrastus,  were  attributed  the  "Ethical 
Characters,"  descriptive  of  various  character 
types,  which  we  shall  see  gave  rise  in  mcdrrn 
times  to  a  kind  of  essay  form.  The  closest 
approach  in  antiquity,  however,  to  what  we 
now  call  the  essay  is  to  be  found  in  the  late 
Greek  period,  when  the  biographer  and  philos- 
opher Plutarch  (1st  century  a.d.  )  wrote  a  num- 
ber of  compositions,  traditionally  called  Opera 
Moralia  (Moral  Works),  on  such  subjects  as 
•The  Right  Way  of  Listening,"  "How  a  Flat- 
terer may  be  Distinguished  from  a  Friend" 
"On  Chance"  «On  Superstition"  and  "On 
Exile."  Analogous  to  these  writ  ngs,  in 
Latin  literature,  arc  the  partly  philosophic, 
partly  personal  'Tusculan  Disputations*  of 
Cicero,  the  epistles  and  other  moral  disquisi- 
tions of  Seneca,  and  —  closest  to  the  essay  in 
their  informal  discursiveness  —  the  'Medita- 
tions' of  the  Emperor  Marcus  Aurclius.  Some 
influence  on  later  types  of  essay  literature  may 
also  be  traced  to  the  miscellanies  —  anecdotal 
and  otherwise  — of  Valerius  Maximus  and 
Aulus  Gellius;  the  work  of  the  former  is  called 
'Books  of  Memorable  Deeds  and  Utterances,' 
that  of  the  latter  'Attic  Nights.' 

In  the  mediarval  period  the  essay  cannot  be 
recognized  as  a  separate  type ;  some  approxima- 
tion to  it  may  be  noted  in  the  successors  of 
the  miscellanies  just  mentioned,  and  in  various 
collections  of  wise  sayings  ("scntentije"  or  sen- 
tences). In  particular,  writers  in  the  service 
of  the  Church  made  a  practice  of  bringing  to- 
gether incidents  and  utterances  illustrative  of 
particular  virtues,  vices  and  spiritual  truths, 
which,  though  they  were  more  likely  to  de- 
velop into  homily  or  sermon  than  into  essay, 
sometimes  furnishrd  method  or  materials  for 
later  essayists.  In  France  the  form  called 
Moral  Lesson  {lecon  morale)  has  been  thought 
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to  form  a  link  between  these  mediaeval  writings 
and  the  essays  of  Montaigne. 

The  modern  conception  of  the  essay  as  a 
distinct  literary  form,  and  the  use  of  the  word 
•essay*  to  describe  it,  have  their  origin  with 
definiteness  in  the  work  of  Montaigne,  who  in 
1580  published  a  volume  of  essais  at  Bordeaux; 
a  second  edition,  with  important  additions,  fol- 
lowed in  1588.  A  considerable  portion  of  these 
essays  of  Montaigne  is  in  the  classical  and 
mediaeval  tradition, —  discourse  on  moral  themes, 
illustrated  with  anecdotes  and  aphorisms  col- 
lected from  a  wide  range  of  reading.  But  from 
this  type  of  essay  Montaigne  developed  the 
more  personal  type,  discoursing  on  whatever 
subject  came  to  hand  from  the  standpoint  of 
his  individual  experience  and  mood;  so  that  he 
could  say  in  his  address  "to  the  reader" :  I  have 
no  respect  or  consideration  at  all  either  to  thy 
service  or  to  my  glory.  .  .  .  Myself  am 
the  groundwork  of  my  book.  It  is  then  no 
reason  thou  shouldcst  employ  thy  time  about 
so  frivolous  and  vain  a  subject."  To  this  sort 
of  mood,  and  the  essays  that  represent  it,  the 
whole  later  development  of  the  « familiar* 
essay  is  universally  traced. 

Montaigne's  essays  were  translated  and 
widely  read  in  England,  and  the  new  form 
became  more  important  across  the  Channel  than 
in  its  native  land.  In  1597  Francis  Bacon 
borrowed  the  name  Essay  for  a  little  collection 
which  bore  the  subtitle  'Relig  ous  Meditations', 
—  only  10  in  all;  in  the  edition  of  1612  the 
number  was  increased  to  38,  in  that  of  1625  to 
58.  This  collection  also  became  popular,  and 
has  remained  a  classic;  but  Bacon  held  rather 
to  the  older  tradition  of  the  aphoristic  essay 
than  to  the  newer  type  of  Montaigne.  In  his 
later  writings  he  gives  more  unity,  and  some- 
times more  personality,  to  the  form,  yet  never 
to  the  point  of  becoming  'familiar.* 

S'r  William  Cornwallis,  a  contemporary  of 
Bacon's,  followed  his  work  with  a  succession 
of  essays  on  moral  themes  (1600,  1610,  etc.). 
The  chief  successors  of  Bacon  and  Cornwallis, 
in  the  17th  century,  were  Felltham  (who  called 
his  essays  Resolves,  about  1620),  Cowley  (who 
included  11  essays  in  his  collected  works  of 
1668),  and  Sir  William  Temple  ('Miscellanea,' 
1680,  etc.).  In  the  Restoration  period  Dryden 
may  be  said  to  have  originated  the  modern 
critical  essay,  in  the  various  prefaces  on  literary 
subjects  which  he  was  fond  of  prefixing  to  his 
writings.  He  also  revived  the  dialogue  form 
for  the  same  purpose,  in  his  'Essay  of  Dra- 
matic Poesy'  (1667).  Near  the  close  of  the 
century  Defoe  began  to  develop  the  essay  form 
for  the  discussion  of  social,  political  and  edu- 
cational questions,  notably  in  the  'Essay  on 
Projects'  (1697).  One  may  also  note  two  other 
literary  types  which,  going  back  to  much  earlier 
periods,  were  highly  valued  in  the  17th  century 
and  contributed  to  the  art  of  the  essay.  The 
first  of  these  is  the  "character*  originated,  as 
has  been  mentioned,  by  the  Greek.  Thcophrastus, 
whose  quasi-essays  were  now  revived  and  imi- 
tated in  both  England  and  France.— notably 
bv  Joseph  Hall  ('Characters  of  Vices  and 
Virtues,'  1608),  John  Earle  ( ' Microoosmog- 
raph'e,  or  a  Piece  of  the  World  Discovered 
m  Essays  and  Characters,'  1628),  and  Jean 
La  Bruvere  ('l.es  caracteres,  ou  les  mceurs 
de  ce  slecle,'  1688).  The  second  type  's  the 
epistle,  also,  as  we  have  seen,  of  long-standing 


importance,  and  newly  cultivated  in  the  Re- 
naissance and  the  succeeding  age ;  notable  ex- 
amples of  the  development  of  this  form  in 
the  direction  of  the  literary  essay  are  the 
Spanish  letters  of  Guevara  (d.  1545),  which 
were  translated  into  English  more  than  once, 
and  came  to  be  called  the  "Golden  Epistles"; 
the  French  letters  of  Jean  de  Balzac  (1624)  ; 
and  James  Howell's  'Epistolae  Ho-Elianae, 
Familiar  Letters  Domestic  and  Foreign'  (1645- 
55).  Finally,  for  the  17th  century,  it  should 
be  observed  that  the  'Religio  Medici'  (1642) 
and  'Urn  Burial'  (1658)  of  Sir  Thomas 
Browne  exemplify  some  of  the  most  delightful 
qualities  of  the  familiar  essay,  in  expanded 
form,  though  not  called  by  that  name. 

The  early  18th  century  saw  a  highly  im- 
portant development  of  the  essay  in  connection 
with  the  growth  of  periodical  literature.  The 
beginnings  of  this  movement  may  be  observed 
in  the  work  of  Defoe  and  even  earlier,  but  its 
first  conspicuous  representatives  were  Steele 
and  Addison,  in  the  several  periodicals  which 
they  issued  singly  or  jointly;  indeed  one  might 
say  that  the  new  periodical  essay  was  born  in 
Steele's  Tatler,  which  began  to  appear  in  1709. 
Addison  presently  became  Steele's  coadjutor, 
and  in  the  Spectator,  begun  March  1711,  his 
influence  was  paramount.  The  type  of  essay 
developed  in  these  periodicals  was  of  fairly 
fixed  length,  suited  to  reading  at  the  breakfast 
table,  and  combined  in  an  important  way  the 
qualities  of  the  familiar,  and  didactic  essay : 
that  is,  its  purpose  was  the  serious  and  profit- 
able discussion  of  social,  ethical  and  literary 
topics,  but  the  point  of  view  was  distinctly 
personal,  being  represented  as  that  of  a  saga- 
cious but  whimsical  character,  named  "Mr. 
Bickerstaff"  in  the  earlier  periodical  and 
simply  "The  Spectator"  in  the  later.  The  in- 
fluence of  these  periodical  essays  of  Addison 
and  Steele  can  scarcely  be  exaggerated,  and 
it  persisted  throughout  the  century,  not  only  in 
England  but  on  the  continent.  More  than  200 
English  journals  or  essay-series  of  the  Spec- 
tator type  have  been  counted  for  the  century 
1709-1809,  and  in  France,  Germany,  Italy  and 
even  Russia  it  was  also  imitated.  In  France 
Marivaux  first  wrote  Addisonian  cssavs  for  the 
Mercure,  then  (1722)  issued  a  Spectateur 
Francois.  In  Zurich  appeared  the  Discourse  dcr 
Maler  (1721),  essays  written  by  the  members 
of  a  club  headed  by  Johann  Bodmer,  under 
pen-names  adopted  from  famous  artists;  in 
Hamburg  an  essay-periodical  called  Der  Patriot 
appeared  in  1724,  and  at  Leipzig  in  1725  Gott- 
sched's  Verniinftige  Tadlerinnen  ("Sensible 
Fault-finders").  In  the  direction  of  literary 
criticism  perhaps  the  finest  results  of  the  move- 
ment in  Germany  arc  to  be  found  in  certain 
essays  of  Lessing's,  such  as  the  series  called 
I.Htrraturbriefe  (1759-65)  and  the  Dramaturqie 
(1767-69).  In  England  the  most  distinguished 
successors  of  Steele  and  Addison  were  Dr. 
Samuel  Johnson,  who  issued  The  Rambler  in 
1750-52  and  later  wrote  various  series  of  essays 
for  other  periodicals,  and  Oliver  Goldsmith, 
who  contributed  essays  to  The  Bee,  The  Public 
Ledger,  etc  (1759-61).  Goldsm  th's  work  in 
the  combined  familiar  and  didactic  essay  is 
the  only  rival  of  the  Spectator  at  its  best, 
whether  in  charm  of  manner  or  qualitv  of 
substance;  in  particular,  he  dcveloned  skilfully, 
in  a  series  of  essays  called  The  Citizen  of  the 
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World,  an  amusing  method  of  commenting  on 
contemporary  life  from  the  assumed  stand- 
point of  a  foreigner,  which  had  been  availed 
of  by  earlier  critics,  notably  Montesquieu  in 
the  Let  ires  i'ersancs  (1721). 

The  development  of  the  essay  in  the  early 
19th  century  was  again  due  largely  to  the  evolu- 
tion of  periodical  types,  and  in  English  litera- 
ture one  distinguishes  clearly  two  of  these 
types,  the  magazine  and  the  critical  review, 
which  gave  new  opportunity  for  the  familiar 
and  the  critical  essay  respectively.  Most  im- 
portant of  the  former  were  Blackwood's  and 
the  London  Magazine,  founded  in  1817  and 
1820;  of  Blackwood's  John  Wilson  ("Chris- 
topher North")  soon  became  the  leading  essay- 
ist, while  the  London  Magazine  had  the  dis- 
tinction of  printing  some  of  the  most  brilliant 
work  of  Lamb,  DeQuinccy  and  Hazlitt.  The 
brothers  John  and  Leigh  Hunt  were  also  con- 
cerned in  the  publication  of  a  number  of 
periodicals,  some  (like  the  Examiner)  being 
of  a  newspaper  type,  but  offering  space  for 
literary  essays,  others  (like  the  Indicator)  con- 
tinuing the  Spectator  tradition.  For  all  these 
Leigh  Hunt  was  a  leading  writer, —  with  the 
possible  exception  of  John  Wilson,  the  most 
prolific  of  the  19th  century  essayists.  The  Elia 
essays  of  Charles  Lamb,  which  appeared  in  the 
London  Magazine  1820-25,  arc  by  universal  con- 
sent the  finest  examples  of  the  familiar  type 
produced  since  Montaigne's;  some  of  Hazlitt  s. 
however  (to  be  found  in  his  collections  called 
The  Round  Table,  1817.  and  Table  Talk.  1822), 
are  not  far  beneath  them,  and  of  substantial 
literary  criticism  (as  in  the  papers  called 
Characters  of  Shakespeare's  Plays,  1817)  Haz- 
litt gives  us  far  more  than  Lamb.  Of  the 
second  newly  developed  type  of  periodical,  the 
critical,  the  leading  representatives  are  the 
Edinburgh  Review  and  the  Quarterly  Reziew, 
founded'  in  1802  and  1809  respectively;  these 
gave  rise  to  a  new  form  of  literary  essay, 
called  a  "review,"  which  normally  took  its 
origin  in  an  account  of  some  recent  publica- 
tions, but  became  an  independent  discussion  of 
the  subject  suggested  by  the  work  in  hand. 
The  typical  examples  of  this  form  arc  to  be 
found  in  the  essays  of  Francis  Jeffrey,  long 
editor  of  the  Edinburgh,  and  John  Gibson 
Lockhart,  long  editor  of  the  Quarterly;  but 
their  work,  important  as  it  seemed,  has  proved 
insignificant  in  comparison  with  that  of  Thomas 
Babington  Macaulay,  who  began  his  career  as 
reviewer  in  the  Edinburgh  with  his  famous 
article  on  Milton,  1825,  and  remains  the  most 
brilliant  and  prolific  of  English  critical 
essayists. 

We  cannot  here  follow  the  course  of  the 
essay  throughout  the  19th  century.  In  general, 
England  has  continued  to  produce  the  most 
distinguished  work  in  the  familiar  type;  its 
best  representative  in  recent  times  was  Robert 
Louis  Stevenson  ('Familiar  Studies,'  1RK2,  and 
'Memories  and  Portraits,'  1887).  English 
writers  have  also  done  fine  work  in  the  critical 
essay,  notablv  Matthew  Arnold  ('Essavs  in 
Criticism.'  1865.  1888)  and  Leslie  Stephen 
('Hours  in  a  Library,'  1874-79);  but  here  the 
palm  must  be  yielded  to  the  French,  who  have 
used  the  essay  most  characteristically  for  this 
purpose,  notablv  Sainte-Bcuvc  CCauscries  du 
Lundi,'  1851-72),  Brunctierc  ( 'Questions  de 
Critique.  1889),  and  Anatole  France  ('La  Vie 


Litterairc,'  1907).  American  literature  in- 
cludes, for  the  early  period,  one  notable  rep- 
resentative of  the  Addison  tradition,  Wash- 
ington Irving  ('Sketch  Book,'  1820).  By  far 
the  most  distinguished  American  essayist  is 
Emerson,  who  revived  to  some  extent  the 
method  of  the  aphoristic  essay,  emphasizing 
the  single  utterance  rather  more  than  the  whole 
composition  ('Essays,*  1841-44).  In  the  criti- 
cal type  the  work  of  James  Russell  Lowell  re- 
mains unexcelled  ('Among  my  Books,'  1870- 
76).  Other  noteworthy  American  essayists  of 
the  19th  century  are  E.  P.  Whipple,  Edgar  A. 
Poe,  Donald  G.  Mitchell  ("  Ik  Marvel "). 
Thomas  Wcntworth  Higginson,  George  Wil- 
liam Curtis  and  Charles  Dudley  Warner.  In 
the  'Autocrat  of  the  Breakfast  Table'  (1858), 
Oliver  Wendell  Holmes  made  wise  and  witty 
use  of  the  method  of  the  familiar  essay,  though 
in  an  expanded  and  discursive  form  which 
belongs  to  no  definite  type. 

Bibliography.—  The  best  account  of  the 
familiar  essay  is  to  be  found  in  the  introduc- 
tion to  Bryan  and  Crane's  collection  called 
'The  English  Familiar  Essay'  (Boston  1916). 
For  the  English  essay  as  a  whole,  consult 
Walker's  'The  English  Essay  and  Essayists' 
(London  1915);  MacDonald,  W.  L..  'Begin- 
nings of  the  English  Essav'  (University  of 
Toronto  Studies)  ;  Wylie.  Laura  T.,  'The  Eng- 
lish Essay*  (in  Social  Studies  in  English  Liter- 
ature.' Boston  1916).  For  the  reviews  and  the 
critical  essay,  consult  the  introductions  to 
Gates's  'Selections  from  the  Essays  of  Teffrey' 
(Boston  1894).  and  Haney's  'Earlv  Reviews 
of  English  Poets'  (Philadelphia  1904);  also 
Saintsbury's  'History  of  Criticism'  (Edin- 
burgh 1904).  For  the  character-writers,  con- 
sult Morlcy's  'Character  Writings  of  the  17th 
Century'  (London  1891);  for  the  letter- 
writers,  Hansche's  'English  Familiar  Letter- 
writers  and  their  Contribution  to  the  English 
Essay*  (Dissertation  of  the  University  of 
Pennsylvania,  1902).  For  the  Spectator  and  its 
influence,  consult  Beljame's  'Le  public  ct  les 
hommes  de  lettrcs  en  Anglcterre  au  18e 
siccle'  (Paris  1881).  There  is  a  convenient 
collection  of.  essays  by  British  writers  in  the 
Everyman's  Library  scries,  and  a  similar  col- 
lection of  American  essays  has  been  edited  by 
Brander  Matthews  (Oxford  Press  1914). 

Raymond  M.  Ai.pf.n, 
Professor  of  English,  Leland  Stanford  Junior 

University. 

ESSAY  ON  CRITICISM,  An,  a  didactic 
poem  in  heroic  couplets  by  Alexander  Pone 
(q.v.)  in  which  he  explains  and  propounds  the 
canons  of  verse  structure,  poetic  taste  and 
criticism.  The  poem.  Pope's  first  really  origi- 
nal work,  was  written  either  in  1707  or  1709, 
more  likely  in  the  latter  year.  It  was  first 
published  anonymously  on  15  May  1711  and 
sold  so  well  that  another  impression  was  made 
the  same  year.  Thp  second  edition,  published 
in  1713,  gave  as  the  name  of  the  author  "Mr. 
Pope*  Since  then  it  has  been  included  in 
practically  every  edition  of  Pope's  works.  The 
most  exhaustively  critical  and  most  carefullv 
annotated  edition  is  that  edited  by  J.  W*. 
Crokcr.  W.  Elwin  and  W.  T.  Courthope  (Loif- 
don  1871-89)  where  it  will  be  found  in  the 
second  volume.  It  has  been  translated  into 
Latin,    French,    German,    Italian,  Spanish, 
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Portuguese,  Hungarian,  Polish  and  Russian. 
Opinions  concerning  the  merits  of  the  poem 
are  divided.  In  its  own  days  it  was  praised 
very  highly  by  such  astute  critics  as  Addison 
and  Dr.  Johnson.  Of  the  next  generation  of 
critics,  Haztitt  continues  to  sing  its  praises, 
but  DeQuincey  criticizes  it  harshly. 

The  fact  remains,  however,  that,  though 
metrically  by  far  the  least  polished  of  Pope's 
poems,  it  was  a  remarkable  performance  for 
a  youth  of  21,  both  in  regard  to  its  poetical 
value  and  in  respect  to  its  contents.  Its 
imagery,  though  very  uneven,  at  points  reaches 
heights  which  were  never  surpassed  by  the 
author  and  many  of  its  striking  passages  have 
become  familiar  quotations.  It  is  one  of  Pope's 
longer  works,  consisting  of  744  verses,  divided 
into  three  parts.  With  it  began  the  long  series 
of  literary  quarrels  in  which  Pope  was  involved 
throughout  his  entire  career  as  a  result  of  his 
biting  satire.  In  the  'Essay  on  Criticism'  he 
attacked  particularly  vigorously  and  outspoken- 
ly a  critic  and  playwright  of  that  day,  J. 
Dennis  (n.v.)  who  replied  in  a  pamphlet, 
called  'Reflections  upon  a  late  Rhapsodic,  called 
"An  Essay  upon  Criticism"  in  which  he  in 
turn  criticized  very  sharply  and  in  places  with 
considerable  justice  Pope's  work.  Consult 
Graner,  K.,  "Die  Obersetzungen,  von  Pope's  Es- 
say on  Criticism*  etc.  (Aschaffenburg  1910). 
See  Pope,  Alexander. 

B.  H.  Goldsmith. 

ESSAY  ON  THE  HUMAN  UNDER- 
STANDING, An,  John  Locke's  'Essay  on  the 
Human  Understanding'  is  the  classic  of  Eng- 
lish common  sense  empiricism.  Subsequent 
philosophy  and  psychology  and  English  thought 
in  general  arc  weighted  with  its  terminology 
and  opinions. 

Locke's  purpose,  so  he  tells  us,  was  "to  in- 
quire into  the  origin,  certainty  and  extent  of 
human  knowledge,  together  with  the  grounds 
and  degrees  of  belief,  opinion  and  assent."  He 
would  determine  the  powers  of  the  understand- 
ing by  an  "historical*  method,  that  is,  by  trac- 
ing the  growth  of  knowledge  in  the  individual. 
As  a  result  of  his  analysis  Locke  decided  that 
mind  is  conversant  only  with  "ideas"  "and  their 
relations,  which  ideas  it  acquired  through  sen- 
sation and  through  reflection  on  its  own  oper- 
ations. These  ideas,  "whatever  is  the  object  of 
the  mind  when  a  man  thinks,"  are  the  copies 
of  things  —  the  effects  produced  in  us  by  ob- 
jects. He  never  questioned  their  representa- 
tive character  so  far  as  the  primary  qualities, 
such  as  extension,  motion,  etc.,  are  concerned 
and  considered  them  sufficient  evidence  of  an 
external  world. 

Knowledge  is  the  perception  of  the  agree- 
ment or  disagreement  of  ideas  and  arises  in 
three  degrees :  intuitive,  by  which  we  perceive 
immediately  the  relation  between  two  ideas; 
demonstrative,  i.e.,  a  chain  of  intuitions;  sensi- 
tive, which  gives  us  knowledge  of  particular 
things.  The  limitation  thus  imposed  leaves  out- 
side the  realm  of  knowledge  most  of  the  mat- 
ters with  which  the  mind  is  generally  occupied 
in  the  conduct  of  life.  These  must  be  deter- 
mined by  probable  "judgment." 

Locke  was  very  uncritical  and  avoided  the 
logical  extremes  to  which  his  argument  is  ob- 
viously subject  and  which  are  to  be  found  in 
the  idealism  of  Berkeley  and  the  sensationalism 


of  Condillac  His  doctrine  of  representative 
ideas  as  the  ultimate  data  of  knowledge  clearly 
expresses  an  cpistemological  position  which  may 
be  regarded  as  the  fundamental  principle  or 
fundamental  fallacy  of  subsequent  philosophy, 
according  to  one's  metaphysical  preferences. 

The  1  Essay'  has  probably  run  to  more  edi- 
tions than  any  other  modern  philosopical  classic 
and  almost  every  subsequent  philosopher  has 
taken  it  at  one  time  or  another  as  a  topic.  Leib- 
nitz's 'Nouveaux  Essais  sur  l'entcndemcnt  hu- 
main'  (1761)  is  a  running  commentary  on 
Locke.  The  best  critical  edition  is  that  by 
Prof.  C.  Eraser  (1894). 

Walter  B.  Veazie. 
ESSAY  ON  MAN,  The,  one  of  the  later 
works  (1733-34)  of  Alexander  Pope,  shares 
with  the  'Essay  on  Criticism,'  the  'Rape  of  the 
Lock,'  the  'Dunciad,'  the  'Epistle  to  Dr.  Ar- 
buthnot'  and  a  few  other  poems  the  position 
of  foremost  place  among  his  original  works. 
It  is  a  didactic  poem  of  some  600  heroic  coup- 
lets grouped  into  four  epistles  and  dedicated 
to  Lord  Botingbroke,  with  whose  brilliant  but 
somewhat  trivial  philosophy  it  is  in  substantial 
agreement.  There  is  probably  a  fixed  order 
in  the  universe  and  definite  gradations  among 
all  living  things,  including  man,  but  it  is  pre- 
sumption in  man  to  attempt  to  define  himself 
and  to  determine  his  place  in  the  universe;  he 
can  only  humbly  submit  to  the  decrees  of 
Providence.  The  proper  study,  therefore,  of 
mankind  is  man,  in  whom  the  outstanding 
characteristic  is  a  mixture  of  two  principles, 
self-love  and  reason,  which  are  expressed  in 
\arying  combinations  of  virtue  and  vice,  which 
by  giving  men  different  characters,  serve  the 
ends  of  Providence.  Reason  and  self-love  oper- 
ate in  the  formation  of  Societv,  and  its  insti- 
tutions are  according  to  the  divine  purpose. 
This  universal  aim  is  human  happiness  which, 
though  obscured  by  false  notions  of  the  means 
of  attaining  it,  consists  in  the  acquisition  of 
virtue.  This  is  the  general  law,  which  it  is 
folly  to  think  will  be  altered  to  suit  man's  de- 
sires for  prosperity,  honors  and  the  many  ob- 
jects of  ambition  of  men.  The  philosophy  is 
not  particularly  moving  or  consistent,  and  the 
poem  is  to-day  best  remembered  for  the  large 
number  of  familiar  quotations  that  it  has  con- 
tributed to  the  common  stock  —  "Whatever  is, 
is  right,*  "Pleased  with  a  rattle,  tickled  with  a 
straw,*  "Order  is  heaven's  first  law*  "An  honest 
man 's  the  noblest  work  of  God*  "The wisest, 
brightest,  meanest  of  mankind,"  etc.  A  good 
account  is  to  be  found  in  Chapter  VII  of  Les- 
lie Stephen's  'Pope'  in  the  English  Men  of 
Letters.  William  T.  Brewster. 

ESSAYS  OF  BACON.  Bacon  s  'Essavs' 
were  practically  the  first  things  in  English  liter- 
ature to  be  called  by  the  name  "Essay  *  That 
word,  in  the  16th  century,  generally  car- 
ried the  idea  of  attempt  or  trial  and  it  was  in 
some  such  sense  that  Bacon  used  it.  In  the 
10  essays  first  published  he  gave,  not  finished 
treatments  but  rather  tentative  reflections.  He 
himself  calls  them  "certain  brief  notes  set  down 
rather  significantly  than  curiously  (i.e.,  sug- 
gestively rather  than  carefully),  which  I  have 
called  Essays*  Montaigne  had  used  practi- 
cally the  same  word  in  French  a  few  years  be- 
fore and  almost  immediately  after  Bacon's  col- 
lection it  began  to  be  common.    The  essay 
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developed  into  several  forms  in  the  17th 
century,  but  in  the  earlier  essays  there  was 
something  of  the  experimental,  incomplete  char- 
acter which  we  do  not  generally  have  in  mind 
when  we  think  of  the  essay  at  present.  The 
subject  matter  of  Bacon's  *  Essays'  was  also 
informal  and  familiar.  His  own  often-quoted 
words  are  that  the  ♦Essays'  have  been  "the 
most  current"  of  his  works  because  "as  it  seems, 
they  come  home  to  men's  business  and  bosoms." 
The  'Essays'  are,  in  fact,  the  sincere  and  nat- 
ural thoughts  of  a  great  man,  not  elaborately 
molded  into  a  monumental  work,  but  set  down 
much  as  they  may  have  come  to  his  mind  when 
he  had  leisure  to  think  of  the  things  that  inter- 
ested him.  Bacon  was  a  great  figure  in  the 
development  of  philosophy  and  science,  but  it 
is  not  for  such  reasons  that  his  "Essays'  have 
been  read.  The  subject  matter  of  the  'Essays' 
is  mostly  the  thoughts  and  ideas  that  come  to 
the  private  heart  of  man  as  he  thinks  of  him- 
self, of  how  he  gets  on  in  the  world,  and  how 
he  stands  with  eternity  and  with  God.  There 
is  in  them  much  that  belongs  especially  to  the 
private  thought  of  Bacon,  who  lived  the  life 
of  a  courtier  and  a  man  of  affairs  as  well  as 
that  of  a  scholar.  But  everyone  finds  something 
of  interest  in  the  'Essays,'  for  they  give  the 
natural  reflections  of  a  powerful  mind  as  it 
considered  the  things  that  are  likely  to  occur 
to  everybody.  In  style  the  'Essays'  are  gen- 
erally less  familiar  than  in  substance.  In  the 
matter  of  expression  they  arc  concise  and  pol- 
ished, by  no  means  the  sort  of  thing  that  a  man 
could  write  offhand.  Though,  each  as  a  whole, 
they  do  not  make  complete  and  finished  treat- 
ments, yet  the  separate  sentences  arc  condensed 
and  often  proverbial  and  seem  carefully  cor- 
rected, as  a  comparison  of  the  different  editions 
shows  they  are.  The  'Essays'  were  first  pub- 
lished in  1597,  when  10  only  appeared,  dedi- 
cated to  his  brother.  In  1612  appeared  a  new 
edition  containing  38  essays,  nine  of  them  of 
the  earlier  collection.  In  1625  the  last  edition 
in  Bacon's  life  contained  19  essays  more. 
There  have  been  numberless  editions  since, 
among  which  are  E.  Arbcr's  'Harmony,'  and 
the  editions  with  annotation  by  R.  Whatcly, 
VV.  A.  Wright  and  J.  Spcdding. 

Edward  E.  Hale. 

ESSAYS  FROM  THE  EASY  CHAIR. 

In  1854  George  William  Curtis  began  to  write 
familiar  and  personal  essays  in  a  department  of 
Harper's  Magazine  called  "The  Easy  Chair." 
He  continued  to  do  so  for  the  38  remaining 
years  of  his  life,  writing  approximately  2,500  in 
all.  In  these  essays  he  dealt  with  every  sort 
of  imaginable  subject  —  "with  worthies  ancient 
and  modern,  with  early  impressions  and  striking 
contemporary  situations,  with  poets  and  novel- 
ists and  orators  and  actors  and  musicians,  with 
every  aspect  of  the  social  comedy  as  viewed  by 
the  most  genial  of  spectators,  with  all  matters 
that  seemed  to  lend  themselves  to  his  purpose 
of  unobtrusive  didacticism  —  a  purpose  so 
veiled  by  animated  and  fanciful  discourse  that 
the  reader  is  hardly  conscious  of  its  existence* 
From  these  essays  three  volumes  of  representa- 
tive essays  were  selected  and  republished  after 
his  death.  They  not  only  throw  interesting 
side-lights  upon  his  own  life  and  personality, 
but  together  they  constitute  a  scries  of  invalu- 


able incidents  and  interpretations  of  American 
life  for  nearly  half  a  century. 

Curtis  has  many  of  the  characteristics  of  the 
men  who  from  Montaigne  to  Stevenson  have 
made  of  the  personal  type  of  essay  one  of  the 
permanent  and  most  delightful  forms  of  litera- 
ture. The  light  touch,  personal  likes  and  dis- 
likes, character  sketches,  delicate  humor  and 
pathos,  suggestive  bits  of  wisdom,  are  all  found 
in  his  essays.  He  suffers  most  by  contrast  with 
Lamb  in  his  lack  of  felicitous  literary  allusion 
and  in  his  failure  to  secure  the  more  perma- 
nent effects  of  rhetoric,  in  the  better  sense  of 
that  word.  He  is  perhaps  more  like  Addison, 
or  Goldsmith,  or  Irving,  though  less  final  in  his 
power  of  expression  than  any  of  them. 

A  typical  volume  of  these  essays  gives  some 
idea  of  the  range  of  his  topics.  He  has  reminis- 
cences of  Edward  Everett,  Emerson,  Dickens, 
Thorcau,  Wendell  Phillips,  Jenny  Lind, 
Thackeray  and  Browning,  each  of  whom  is 
recalled  in  some  typical  lecture  or  conversation 
or  dinner.  The  theatre  figures  in  an  account 
of  Jefferson  as  Rip  Van  Winkle  and  in  reminis- 
cences of  Fanny  Kcmble  and  John  Gilbert. 
That  he  was  fond  of  music  is  suggested  in 
"The  Opera  in  1864,"  «Thalberg  and  Other 
Pianists*  and  "Cecilia  Playing."  Typical 
sketches  of  social  life  and  of  various  aspects  of 
New  York  are  to  be  found  in  *Shops  and 
Shopping,"  "Mrs.  Grundy  and  the  Cosmopoli- 
tan," "Easter  Bonnets"  and  «Thc  Town." 

At  the  time  Curtis  was  writing  such  essays 
for  Harper's  Magazine  he  was  writing  edi- 
torials for  Harper's  Weekly  and  delivering  ad- 
dresses throughout  the  country  of  an  entirely 
different  character.  It  is  surprising  that  the  man 
who  was  a  leader  in  the  movement  for  civil 
service  reform,  who  helped  to  inaugurate  the 
independent  movement  in  American  politics, 
and  who  at  an  earlier  date  took  a  prominent 
part  in  the  organization  of  the  Republican 
party,  should  have  been  able  to  detach  himself 
from  the  stream  of  affairs  as  he  did  in  his 
charming  essays.  In  this  respect,  as  in  many 
others,  he  was  like  his  friend  James  Russell 
Lowell,  who  wrote  to  him  words  that  best  give 
an  interpretation  of  his  personality: 

"  Had  letters  kept  you,  every  wreath  were  yours; 
Had  the  world  tempted,  all  its  charirst  door* 
Had  swung  on  flattered  hinges  to  admit 
Such  high  bred  manners,  such  good  natured  wit." 

Edwin  Morris. 

ESSAYS  OF  ELIA.  Charles  Lambs 
Essays,  the  most  famous  and  delightful  of  his 
works,  were  written  in  the  spare  nours  of  his 
busy  life,  and  were  originally  published  chiefly 
as  contributions  to  the  London  Magazine  from 
1820  to  1833.  The  first  collected  volume,  'The 
Essays  of  Elia,'  appeared  in  1823;  the  second, 
'Last  Essays  of  Elia,'  10  years  later.  The 
signature  Elia,  which  Lamb  adopted  from  the 
name  of  a  former  clerk  in  the  South  Sea  House 
where  he  had  been  employed,  served  as  a  thin 
disguise,  under  the  cover  of  which  the  author 
revealed  in  an  intimate  way  his  own  experiences 
and  thoughts,  distorting  the  actual  facts  of  his 
life  only  so  much  r.s  was  necessary  to  preserve 
a  semblance  of  anonymity. 

The  substance  of  manv  of  the  essays  consists 
in  reminiscences  of  Lamb's  early  years,  toward 
which  he  looked  back  with  a  tender  and  ro- 
mantic yearning.  He  describes,  for  example,  in 
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the  essay  entitled  'Christ's  Hospital  Five-and- 
Thirty  Years  Ago,"  his  schoolboy  life  and  his 
first  association  with  Samuel  Taylor  Coleridge; 

in  "Blakcsmoor  in  H  shire,*  a  visit  with  his 

sister,  Bridget  Elia  (Mary  Lamb),  to  an  old 
mansion  in  the  country  in  his  childhood;  in 
•My  First  Play,*  his  earliest  sensations  in  the 
theatre;  in  "Old  Benchers  of  the  Inner  Tem- 
ple," the  curious  personalities  of  the  antique 
lawyers  with  whom  he  had  become  acquainted 
in  his  boyhood  home  in  London.  In  these 
essays  and  others  which  refer  to  the  circum- 
stances of  his  own  life.  Lamb  admits  us  freely 
to  the  inner  circle  of  his  thought.  He  frankly 
confesses  his  weaknesses  and  his  prejudices. 
He  pictures  in  "The  Superannuated  Man"  his 
sensations  on  finding  himself  at  last  free  from 
the  business  routine  of  a  lifetime;  he  even 
writes  the  "Confessions  of  a  Drunkard,"  speak- 
ing seriously  and  truthfully  of  his  own  experi- 
ence. Finally,  in  that  most  beautiful  of  all  the 
essays,  "Dream  Children,*  he  indulges  in  a 
vision,  regretful  but  not  unmanly,  of  what 
might  have  been  had  the  circumstances  of  his 
sad  life  been  different.  In  all  this  Lamb  is 
lovable  and  charming.  If  a  tender  melancholy 
pervades  some  of  the  essays,  others,  like  the 
famous  "Dissertation  on  Roast  Pig."  are  full  of 
hilarious  fun.  In  the  majority  of  his  sketches 
humor  and  pathos  go  hand  in  hand.  The  senti- 
ment is  relieved  by  brilliant  flashes  of  wit  which 
make  Lamb  rank  as  one  of  the  chief  of  English 
humorists;  the  laughter  is  tempered  by  kindly 
sympathy. 

Lamb's  romantic  love  of  bygone  things  is 
apparent  everywhere  in  the  essays.  He  com- 
plains of  "the  decay  of  beggars  in  the  me- 
tropolis," writes  "the  praise  of  chimney- 
sweepers," describing  with  delightful  humor  the 
annuat  dinner  given  in  their  honor  by  his  friend 
Jem  White.  He  confesses  to  an  almost  femi- 
nine delight  in  old  china,  prefers  the  sun-dial 
to  the  clock  and  the  old  type  of  schoolmaster 
to  the  new.  In  human  personality  Lamb  is 
most  interested  in  out-of  the-way  characters, 
with  some  peculiar  humor  or  bias,  "odd  fishes* 
like  the  old-fashioned  clerks  of  the  South  Sea 
House  or  the  immortal,  whist-playing  Sarah 
Battle.  A  number  of  the  essays  deal  with 
literary  matters,  particularly  with  the  drama,  in 
which  he  was  much  interested,  and  with  those 
older  authors  like  Sir  Thomas  Browne,  toward 
whom  he  was  drawn  by  his  antiquarian  instinct 
and  by  his  liking  for  the  unusual  and  piquant 
in  literature  as  in  life.  As  a  critic  Lamb  is 
appreciative  and  informal,  relishing  his  favorite 
authors  rather  than  judging  them.  He  is  the 
best  and  most  enthusiastic  of  all  book-lovers. 

Whatever  his  subject  Lamb  casts  upon  it  the 
magic  of  a  style  rich  in  personality,  pictur- 
esque, brilliantly  witty  and  singularly  respon- 
sive to  the  author's  mood.  Quaint  turns  of 
phrase  and  antiquated  words,  borrowed  from 
the  older  writers  of  whom  Lamb  was  fond, 
give  a  touch  of  oddity  to  his  language  which 
suits  his  highly  individual  type  of  humor. 

The  'Essays  of  F.lia'  arc  the  most  attractive 
example  in  our  literature  of  the  personal  or 
informal  essay,  compounded  of  wit  and  senti- 
ment, observation  and  reflection,  familiar  in 
tone,  whimsical  and  unexpected  in  idea,  but 
richly  human  and  often  touching  by  way  of 
intimation  and  suggestion  on  the  deepest  truths. 

VOL  10—33 


Consult  'The  Works  of  Charles  and  Mary 
Lamb»  (ed.  E  V.  Lucas.  1903-05)  ;  "The  Essays 
of  Elia*  (In  "Everyman's  Library'),  and  'The 
World's  Classics'  (Oxford)  ;  essays  on  Lamb 
in  Walter  Paters  'Appreciations';  A.  Birrcll's 
'Obiter  Dicta'  (2d  series)  ;  G.  E.  Woodberry's 
•Makers  of  Literature,'  and  C.  T.  Winchester's 
'A  Group  of  English  Essayists.'  For  biblio- 
graphy, consult  'Cambridge  History  of  English 
Literature'  (Vol.  XII). 

James  H.  Hanford. 

ESSAYS  AND  REVIEWS,  a  work  issued 
in  1860  by  seven  members  of  the  Church  of 
England,  six  of  whom  were  laymen.  It  was 
severely  criticized  by  the  clerical  body  and 
in  1864  was  condemned  by  convocation.  Two 
of  the  seven  contributors  were  sentenced  to 
suspension  of  one  year  by  the  ecclesiastical 
courts,  but  the  Privy  Council  reversed  this 
sentence. 

ESSEG.  Sec  Eszeo. 

ESSEN,  Hans  Henrik,  Count,  Swedish 
statesman:  b.  Kai&s.  West  Gotland  1755;  d. 
1824.  He  received  his  education  at  the  Uni- 
versity of  Upsala  and  entered  the  armv  in  the 
service  of  Gustavus  III.  In  1795  he  was  made 
governor  of  Stockholm  and  five  years  later 

Sovernor-gencral  of  Swedish- Pomerania  and 
liigen.  In  1807  he  defended  Stralsund  against 
the  French  and  two  years  later  was  made  a 
count  and  a  councillor  of  state.  Charles  XIII 
made  him  Ambassador  to  France  in  1910  and 
he  was  successful  in  having  Napoleon  restore 
Pomerania  to  Sweden.  In  1811  he  was  made 
field  marshal,  campaigned  in  1813  against  Nor- 
way, of  which  he  was  governor  in  1814-16.  In 
1817  he  was  transferred  and  made  governor- 
general  of  Skane  Consult  the  life  by  Wiesel- 
gren  (Malmo  1855). 

ESSEN,  Germany,  town  of  Rhenish  Prus- 
sia, 18  miles  northeast  of  Dusseldorf.  It  has 
recently  greatly  increased  in  population  and  man- 
ufactories. The  cathedral,  founded  in  the  10th 
century,  is  one  of  the  oldest  in  Germany.  It  is 
celebrated  for  the  steel  and  iron  works  of  the 
Krupps  (q.v.)  the  most  extensive  in  Europe, 
employing  70,000  workmen  in  their  various  un- 
dertakings. This  great  establishment  was 
started  in  1811,  with  only  two  workmen.  The 
rifled  steel  cannon  made  here  were  supplied  to 
most  of  the  armies  of  the  world.  In  the  suburbs 
arc  the  "colonies" —  cottages,  churches,  schools, 
stores,  libraries,  places  of  amusement,  homes 
for  superannuated  and  disabled  workmen,  etc., 
established  by  the  Krupps  for  their  workmen 
who,  however,  on  pain  of  dismissal,  are  for- 
bidden to  become  associated  with  any  socialist 
or  trade  union  organization.  During  the  Euro- 
pean War,  Essen  was  frequently  attacked  and 
bombed  by  allied  air  squadrons.  (See  War, 
European').  The  town  was  founded  in  the  9th 
century,  when  the  Benedictine  abbey  was  estab- 
lished here,  and  for  some  time  it  was  under 
the  control  of  the  Abbess  of  Essen.  In  the  10th 
century  the  Abbess  Hagona  gave  the  town  mu- 
nicipal privileges.  In  1803  it  was  incorporated 
into  Prussia.  The  town  of  Ruttonscheid  was 
annexed  to  Fssen  in  1<X)5  and  the  commune  of 
Huttrop  in  1908.   Pop.  295,000. 

ESSENCE,  in  metaphysics,  originally  the 
same  as  substance.  Later,  substance  came  to  be 
used  for  the  undetermined  substratum  of  a 
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thing,  essence  for  the  qualities  expressed  in  the 
definition  of  a  thing;  or,  as  Locke  put  it, 
"Essence  may  be  taken  for  the  being  of  any- 
thing, whereby  it  is  what  it  is."  ('Essay  Con- 
cerning Human  Understanding,*  Book  III, 
Chapter  III,  Section  15).  It  is  now  used  in  a 
wider  sense,  to  designate  the  intrinsic  nature 
of  a  thing.  In  chemistry,  and  in  popular  par- 
lance, essences  are  solutions  of  the  essential  oils 
in  alcohol,  and  may  be  prepared  by  adding 
rectified  spirit  to  the  odoriferous  parts  of  plants, 
or  to  (he  essential  oils,  and  distilling;  or  simply 
by  adding  the  essential  oil  to  the  rectified  spirit, 
and  agitating  till  a  uniform  mixture  is  obtained. 
The  term  hai.  however,  received  a  wider  sig- 
nificance, and  is  applied  to  any  liquid  possess- 
ing the  properties  of  the  substance  of  which 
it  professes  to  be  the  essence.  Thus  essences 
of  coffee  and  beef  contain  in  a  concentrated 
form  the  virtues  of  coffee  and  beef,  and  in 
some  circumstances  may  be  substituted  for  them. 

ESSENCE  DE  PETIT  GRAIN  (essence 
of  small  grain),  a  perfume  produced  by  the 
distillation  of  small  oranges  while  in  an  un- 
ripe state.  The  oranges  for  this  purpose  are 
taken  when  about  the  size  of  a  cherry. 

ESSENES,  es-senz',  a  sect  or  society  of 
Hyper-Pharisaic  Jews,  in  existence  150  years 
B.C.,  and  which  existed  till  the  2d  century,  the 
remnant  then  returning  to  Pharisaic  or  orthodox 
Judaism  or  entering  the  Christian  communion. 
They  arc  not  mentioned  in  the  Bible  or  rabbin- 
ical literature.  Josephus  the  historian  (1st  cen- 
tury) describes  their  manner  of  life  in  some 
detail ;  Philo  Judaeus  has  a  notice  of  it,  so  too 
has  Pliny  in  his  'Historia  Naturalis.'  Josephus 
was  in  his  youth  a  probationer  of  the  society, 
but  lived  among  them  only  a  short  time  and 
was  unacquainted  with  the  details  of  their  sys- 
tem, which  were  strictly  withheld  from  novices ; 
but  his  narrative  has  the  marks  of  authenticity. 
In  essentials  Josephus  and  Philo  are  in  accord, 
and  with  them  agrees  Pliny  in  the  one  peculiar- 
ity of  this  society  which  he  notices  —  their 
celibate  life.  The  Esscnes  were  stern  ascetics 
and  in  that  respect  were  the  prototype  of  the 
Christian  Solitaries,  who  in  the  3d  and  4th 
centuries  peopled  the  Nubian  deserts;  withal, 
they  were  both  in  name  and  in  deed  Friends  — 
for  such  was  one  of  the  appellations  of  the 
brethren.  Among  themselves  they  had  all 
things  in  common,  like  the  first  Christians,  and 
they  were  open-handed  and  hospitable  to 
strangers.  They  are  supposed  never  to  have 
numbered  more  than  4,000  souls.  There  were 
groups  of  Essenes  in  all  the  towns  of  Judca, 
but  their  institute  had  opportunity  for  full  de- 
velopment only  in  their  communal  settlements 
on  the  western  shore  of  the  Dead  Sea,  where 
they  devoted  themselves  to  their  peculiar  reli- 
gious observances  and  to  agriculture  and  a  few 
simple  handicrafts.  Their  iood  was  of  the 
simplest,  taken  at  the  common  board,  their  only 
drink,  water;  their  attire  was  of  the  plainest 
white  linen  material.  None  possessed  more 
than  one  tunic  or  more  than  one  pair  of  shoes. 
They  lose  at  da>  break  for  prayer;  after  prayer 
and  a  hymn  they  went  about  their  customary 
occupations.  (Here  we  are  reminded  of  what 
Pliny  wrote  to  H.iHriau  concerning  usages  of 
the  Christians  in  Bithvnia :  "Thev  met  on  a 
stated  day  before  daybreak  and  chanted  a  hymn 


to  Christ  as  God.*)  At  the  5th  hour  (11  a.m.) 
they  again  assembled  in  one  place  and  bathed 
their  faces  in  cold  water,  after  which  they  put 
on  pure  white  garments  and  repaired  to  the 
common  simple  meal,  which  was  preceded  by 
a  blessing,  a  prayer  and  a  hymn ;  and  after  the 
repast  there  was  again  prayer  and  a  hymn. 
Then  the  brethren  put  off  the  ceremonial  garb 
of  white  linen,  put  on  their  workday  attire,  and 
went  back  to  their  employments.  No  women 
were  admitted  to  the  order;  like  some  of  the 
modern  Shakers  they  adopted  young  boys  and 
brought  them  up  in  their  own  simple  way  of 
living;  on  attaining  maturity  they  might,  if 
willing,  be  admitted  to  membership  after  a 
term  of  probation;  or  they  were  free  to  return 
to  the  world.  But  they  also  received  accessions 
of  life-weary  grown  people.  "Thus,*  says 
Pliny,  "here  is  a  people  that  never  dies  out 
(atcrna  est)  yet  in  which  there  are  no  births: 
so  fruitful  for  them  is  others'  'disgust  of  life'  * 
(Tarn  fecunda  Hits  aiiorum  vita  paenitentia 
est).  They  were  opposed  to  trading  as  leading 
to  covetousness,  and  to  the  making  weapons  of 
offense,  and  rejected  animal  sacrifices.  Like 
the  Society  of  Friends  they  forbade  oaths ;  and 
they  held  that  a  man  whose  word  needed  to  be 
confirmed  by  oath  was  not  to  be  believed  at  all 
Nevertheless  the  postulant  for  admission  into 
the  society  was  required  to  take  "terrible 
oaths"  that  he  would  pay  worship  to  God,  be 
just  to  men,  injure  none,  hate  the  unjust,  be 
faithful  and  true  to  all,  especially  rulers,  for 
none  bears  rule  save  by  God's  will.  Pliny  writes 
of  a  similar  oath  taken  by  the  Christians. 

There  were  four  degrees  of  membership  re- 
sembling in  some  respects  the  castes  of  the  Hin- 
dus. If  a  person  in  a  higher  degree  so  much 
as  touched  one  of  a  lower  grade,  he  was  thereby 
defiled  and  was  bound  to  make  himself  clean 
in  cold  water.  Their  severely  abstemious  life, 
their  contempt  for  riches  and  honors,  their  deep 
conviction  of  the  immense  superiority  of  their 
religion  gave  them  all  the  heroic  courage  in  face 
of  persecution  and  torture  which  distinguished 
the  Christians  in  the  ages  of  martyrdom.  So 
scrupulous  were  they  in  avoiding  everything 
like  idolatry,  that  some  of  them  would  never 
enter  any  city  because  of  the  images  erected  at 
the  Rates ;  nor  would  they  touch  a  coin  that  bore 
the  likeness  of  any  ruler. 

Bibliography.— Pliny,  'Historia  Naturalis'; 
the  writings  of  Josephus  and  Philo  Judaeus; 
also  I'hilosophumena,  or  'Refutation  of  all 
Heresies,'  w-ritten  in  Greek  230  a.d.,  author  un- 
known; Lightfoot,  'Colossians  and  Philemon' 
(3d  ed..  London  1879)  ;  Fairweather,  'The 
Background  of  the  Gospels'  (New  York  1908)  ; 
Pflcidcrcr,  'Primitive  Christianity'  (Eng.  trans.. 
New  York  1912)  ;  and  Hastings,  'Encyclopedia 
of  Religion  and  Ethics.' 

ESSENTIAL  OILS  are  those  volatile 
aromatic  constituents  of  certain  flowers,  fruits, 
seeds,  etc.,  which  contain  their  specific  odors 
and  flavors  —  that  is,  the  properties  which  de- 
light the  senses  of  smell  and  taste.  The  object 
aimed  at  in  the  manufacture  of  these  essences 
is  that  they  may  be  transferred  to  other  combi- 
nations, through  which  the  pleasure  they  afford 
may  K-  enjoyed  to  a  far  greater  extent.  The 
delicacy  of  the  methods  to  be  employed  may 
he  better  appreciated  when  it  is  remembered 
that  these  oils  are  products  of  the  living  plants, 
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and  that  immediately  upon  harvesting  the  plant 
the  essences  begin  to  deteriorate,  the  loss  vary* 
ing  with  the  period  which  elapses  between  the 
time  when  the  life  of  the  plant  is  halted  and 
the  time  when  the  essential  oil  is  finally  secured 
in  a  permanent  form.  Another  point  to  be  care- 
fully attended  to  is  that  each  essence  is  at  its 
best  at  a  certain  time  in  the  growth  of  the  plant, 
and  that  it  must  be  taken  at  that  time  —  neither 
immature  nor  past  maturity.  Other  conditions 
are  liable  to  affect  the  product  injuriously,  and 
heat  is  one  of  these.  The  delicate  essence  of 
the  strawberry  is  quickly  dissipated  if  the  sun 
beats  down  hot  upon  it,  and  many  other  essen- 
tial oils  arc  as  sensitive  to  heat.  And  this 
peculiarity  of  course  prevents  the  use  of  the 
chief  refining  process  of  the  chemist,  that  of 
distillation,  lor  these  particular  oils.  An  ex- 
ample of  this  condition  is  presented  in  winning 
the  oil  of  lemon  from  the  peel.  Any  attempt  to 
obtain  this  oil  by  heat  results  in  a  product  of 
low  quality.  The  fine  flavor  has  to  be  gained 
by  cold  pressing  of  the  raspings  of  the  surface. 
The  banana,  peach  and  pineapple  arc  in  the 
same  class  with  the  strawberry  and  the  lemon 
in  this  respect.  This  difficulty  is  overcome  in 
large  measure  by  dissolving  out  the  essential 
oils  with  alcohol,  and  distilling  the  alcoholic 
solution  under  vacuum  — which  so  reduces  the 
degree  of  heat  needed  that  the  delicate  flavors 
arc  preserved.  Another  condition  likely  to  in- 
jure these  sensitive  substances  is  undue  exposure 
of  the  plants  or  fruits  to  the  air  after  harvest- 
ing. Some  oils  quickly  become  rancid,  and  in 
the  case  of  others  fermentation  of  the  source 
of  the  oil  completely  destroys  it.  The  class  of 
flavors  and  odors  which  are  injured  by  fermen- 
tation is  practically  the  same  as  that  which  is 
supersensitive  to  heat.  In  the  case  of  some 
other  essences,  as  of  the  apple  and  cherry,  fer- 
mentation of  the  fruit  serves  to  accentuate  its 
particular  flavor. 

Volatile  oils  consist  of  two  component  groups, 
the  taste-carriers  and  the  terpenes.  In  addition 
to  these  there  may  be  varying  proportions  of 
waxy  and  resinous  matters.  The  aim  of  the 
manufacturing  processes  is  to  eliminate  all  but 
the  taste-carriers'  constituents,  for  it  is  solely 
upon  these  that  its  market  value  depends. 

The  methods  employed  in  making  essential 
oils  are  (1)  expression;  (2)  distillation;  (3) 
extraction.  The  first  makes  use  of  simple  press- 
ure ;  the  second  uses  distillation  with  water 
or  steam,  ami  subsequent  rectification  to  remove 
the  water;  the  third  is  carried  on  by  dissolving 
out  the  desired  oil  with  a  solvent,  such  as  al- 
cohol, chloroform,  benzol,  etc.,  thee  solvents 
being  afterward  distilled  off  at  a  low  tempera- 
ture under  vacuum.  The  terpenes  are  removed 
from  some  kinds  of  oil  by  the  vacuum  process, 
being  the  first  to  pass  over  on  the  rise  in  tem- 
perature. The  sesquiterpenes  follow.  At  a 
slightly  higher  degree  the  true  flavor  carrying 
oil  comes  over.  When  it  is  necessary  to  raise 
the  temperature  again,  the  fractions  which  then 
distil  over  are  gathered  separately,  as  not  of 
the  highest  quality.  Another  method  of  remov- 
ing the  terpenes  used  with  a  class  of  oils  which 
cannot  be  worked  by  the  first  process,  is  by 
alcoholic  distillation.  In  this  process  one  part 
of  the  oil  to  be  treated  is  mixed  with  five  parts 
of  43  per  cent  alcohol.  Upon  heating  this  mix- 
ture vapors  containing  about  80  per  cent  alcohol 
and  20  per  cent  water,  together  with  the  vapors 
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of  the  oil,  pass  over  into  a  receiver  where  they 
are  condensed.  The  terpenes  separate  as  they 
are  insoluble  in  alcohol  of  that  strength.  The 
essential  oils  remain  in  solution  with  the  alcohol. 
The  process  is  continued  until  the  collecting 
terpenes  cease  to  increase  in  quantity.  The  oil 
thus  purified  is  dried  by  agitation  with  anhy- 
drous sodium  sulphate,  and  placed  in  lightproof 
and  airproof  bottles.  From  these  essential  oils 
arc  made  the  so-called  "essences,"  tinctures, 
flavoring  extracts,  syrups  for  soda  water,  per- 
fumes, cordials,  liqueurs,  etc.  Many  of  the  es- 
sential oils  arc  used  as  medicine,  or  in  medicinal 
preparations,  ointments  and  liniments. 

The  United  States  Census  of  Manufactures 
for  1914  reported  105  establishments  engaged 
in  the  manufacture  of  essential  oils,  employing 
435  persons,  of  whom  249  were  wage-earners 
receiving  annually  $133,272  in  wages.  The  capi- 
tal invested  totaled  $1,616,682.  and  the  year's 
output  was  valued  at  $2,313,606;  of  this,  $748,- 
771  was  the  value  added  by  manufacture.  Two 
other  establishments  reported  making  essential 
oils  as  a  subsidiary  product,  but  the  value  of 
their  production  is  not  given.    Sec  Oiu 

ESSENTUKI,  or  ESSENTUKSKAYA, 

Russia,  a  health  resort  in  the  territory  of 
Terek,  northern  Caucasus,  10  miles  north  of 
Pyatigorsk.  It  is  2,000  feet  above  sea-level  and 
is  widely  known  for  its  cokd  alkaline  springs. 
Pop.  8.000. 

ESSEQUIBO.  es-se-ke'bo,  the  largest  river 
of  British  Guiana,  draining  about  one-half  of 
the  area  of  the  colony.  It  rises  in  the  northern 
slope  of  the  Akarai  Mountains,  which  marks 
the  watershed  between  it  and  the  Amazon,  takes 
an  irregular  northerly  course,  and  flows  into  the 
Atlantic  west  of  Georgetown  by  an  estuary  20 
miles  in  width.  Its  whole  length  is  about  600 
miles.  It  is  navigable  for  some  distance  from 
the  ocean.  The  district  or  division  of  Esse- 
quibo,  which  is  in  the  basin  of  the  Kssequibo 
River,  is  well  cultivated  and  extremely  fertile, 
producing  coffee,  cotton,  cocoa  and  sugar.  Its 
principle  tributaries  are  the  Mazaruni,  Cuyuni, 
Potaro,  Siparuni  and  Rupun.  A  portion  of  the 
basin  of  this  river  was  included  in  the  disputed 
territory  claimed  by  the  Venezuelan  and  the 
British  governments  in  18%.  The  claims  were 
settled  by  an  arbitration  of  treaty  2  Feb.  1897, 
and  the  award  made  3  Oct.  1899.   Pop.  36,000. 

ESSEX,  Arthur  Capel,  1st  (Caprl)  Earl 
of,  English  statesman:  b.  January  1632;  d.  13 
July  16543.  At  the  Restoration  he  was  created 
Viscount  Maiden  and  Earl  of  Essex.  He  be- 
came troublesome  to  Charles  II  and  to  be  rid 
of  him  the  latter  sent  him  as  Ambassador  to 
Denmark.  His  conduct  in  Denmark  restored 
him  to  favor  and  in  1672  he  was  made  privy 
councillor  and  lord-lieutenant  of  Ireland.  His 
subsequent  administration  lasted  five  years  and 
was  most  successful  and  honest.  He  kept  a 
just  balance  between  the  Catholics,  Presbyterians 
and  the  members  of  the  Church  of  England. 
His  opposition  to  corruption  in  the  administra- 
tion made  him  many  enemies,  who  through  in- 
trigue brought  about  his  recall.  He  joined  the 
so-called  Country  Party  under  Lord  Halifax 
and  again  became  noted  for  his  opposition  to 
the  Crown.  With  Shaftesbury  he  supported  the 
Exclusion  Bill,  designed  to  keep  James  from 
the  throne.  In  1683  he  was  arrested  and  placed 
in  the  Tower.   His  spirits  appear  to  have  been 
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cast  down  and  about  a  month  after  his  arrest 
he  was  found  with  his  throat  cut.  Consult 
'Dictionary  of  National  Biography »  and  'Essex 
Papers'  (Camden  Society  1890). 

ESSEX,  Robert  Devereux,  2p  Earl  of, 
English  courtier:  b.  Netherwood,  Herefordshire 
19  Nov.  1566;  d.  London,  25  Feb.  1601.  He  was 
educated  at  Trinity  College,  Cambridge,  and  ap- 
peared at  Court  in  1577.  He  greatly  distin- 
guished himself  at  the  siege  of  Zutphen  in  1786. 
On  Leicester's  death  1588,  he  became  the  chief 
favorite  of  Elizabeth.  In  1590  he  married  the 
widow  of  Sir  Philip  Sidney,  and  in  1591  was 
sent  to  support  Henry  IV  against  Spain,  but 
the  expedition  effected  nothing  of  importance. 
About  this  time  Essex  was  on  terms  of  close 
friendship  with  Francis  Bacon,  who  assisted 
him  greatly  bv  advice  on  political  and  other 
matters.  In  1596  he  commanded  an  expedition 
to  Spain,  and  greatly  distinguished  himself  at 
the- capture  of  Cadiz.  In  1597,  after  an  unsuc- 
cessful expedition  to  the  Azores,  he,  with  How- 
ard and  Raleigh,  made  extensive  captures  of 
Spanish  ships.  He  became  earl  marshal  and 
chancellor  of  the  University  of  Cambridge. 
Next  year  he  quarreled  with  the  queen,  who 
struck  him  on  the  car  and  bade  him  "go  and 
be  hanged."  After  some  months  a  reconcilia- 
tion took  place,  and  he  was  appointed  lord-lieu- 
tenant of  Ireland  (1599),  then  in  a  state  of  re- 
bellion. He  returned  to  England  in  September, 
having  been  entirely  unsuccessful  in  his  govern- 
ment and  made  a  humiliating  truce  with  the 
rebels;  was  made  a  prisoner  in  his  own  house, 
and  was  shortly  afterward  (June  1600)  tried 
by  special  court.  The  charges  against  him  were 
that  he  had  exceeded  his  instructions  in  the 
Irish  campaign,  and  had  deserted  his  post  with- 
out leave;  and  he  was  deprived  of  all  his  offices, 
and  sentenced  to  imprisonment,  but  not  long 
afterward  was  set  at  liberty.  He  now  conceived 
a  deep  resentment  against  the  queen's  councillors 
particularly  Cecil  and  Raleigh,  who,  he  imagined, 
had  biased  her  against  him.  Being  summoned 
before  the  council,  he  assembled  his  friends  in 
his  house,  and  proceeding  to  the  city,  endeavored 
to  enlist  the  citizens  to  enforce  dismissal  of 
the  queen's  ministers.  After  a  skirmish  with  a 
party  of  soldiers  he  returned  to  his  house,  but 
after  a  short  defense  was  compelled  to  sur- 
render, and  sent  to  the  Tower.  He  was  tried  for 
treason  on  19  February  and  executed  on  26 
Feb.  1601.  Consult  Croxall,  'Memoirs  of  the 
Unhappy  Favorite'  (1729)  ;  Spedding.  'Bacon' 
(1881);  Abbott,  'Bacon  and  Essex'  (1877). 

ESSEX,  Robert  Devereux,  3n  Earl  of, 
English  soldier:  b.  1591  ;  d.  14  Sept.  1646.  When 
11  years  old  he  was  restored  by  James  I  to  the 
rank  and  titles  held  by  his  father,  the  2d  earl. 
He  served  in  the  army  of  the  elector  palatine 
in  Holland  1620-23,  was  vice-admiral  of  an  un- 
successful naval  expedition  against  Cadiz  in 
1625,  and  lieutenant-general  of  an  army  sent  by 
King  Charles  against  the  Scotch  Covenanters  in 
1639.  He,  howcvei,  was  opposed  to  the  arbitrary 
measures  of  the  king,  refused  payment  of  the 
forced  loan  in  1626,  supported  the  Petition  of 
Right,  and  in  spite  of  attempts  to  detach  him, 
favored  the  execution  of  Strafford.  Espousing 
the  cause  of  the  Parliament  against  the  king,  he 
was  appointed  to  the  command  of  the  parlia- 
mentary army  at  the  beginning  of  the  civil 
war,  was  victorious  over  Charles  at  Edgchill 


in  1642,  captured  Reading  in  1643,  and  relieved 
Gloucester,  but  his  invasion  of  Cornwall  in  the 
following  year  was  a  failure;  the  greater  part 
of  his  army  surrendered  at  Lostwithiel.  and  he 
was  obliged  to  escape  by  sea.  He  dissented  from 
Cromwell's  measures  against  the  Scots  as  likely 
to  stir  up  ill  will  between  the  two  nations,  and 
resigned  in  anticipation  of  the  Self-Denying 
Ordinance  in  1645. 

ESSEX,  Thomas  Cromwell,  Earl  of.  See 

Cromwell,  Thomas. 

ESSEX,  Walter  Devereux,  1st  (Devereux) 
Earl  of,  English  soldier:  b  1541;  d.  1576.  He 
served  as  hivh  marshal  under  Warwick  and 
Clinton  in  1569  and  rendered  valiant  service  in 
putting  down  the  rebellion  in  the  north.  In 

1572  he  was  created  Earl  of  Essex  as  a  reward 
for  his  zeal  in  the  queen's  service.  In  1573  he 
offered  to  subdue  and  colonize  a  portion  of 
the  province  of  Ulster.  His  offer  was  accepted 
with  some  modifications  and  he  set  out  in  July 

1573  with  a  force  of  about  1,200  men.  Storms 
delayed  the  expedition  and  sickness,  death  and 
desertions  cut  the  force  to  about  200  men. 
Meanwhile  Essex  was  in  difficulty  with  the  lord 
deputy,  Fitzwilliam,  his  operations  consisted  of 
raids  and  brutal  assaults  on  the  O'Neills.  By 
treachery  he  captured  Sir  Brian  MacPhelim, 
leader  of  the  O'Neills,  slaughtered  his  attend- 
ants, and  executed  him,  his  wife  and  brother  at 
Dublin.  He  next  prepared  to  attack  the  Irish 
chief,  Tirlogh  Luineach,  defeated  h'm  and  mas- 
sacred several  hundreds  of  the  followers  of 
Sorley  Boy  McDonnell,  mostly  women  and 
children  whom  he  found  hiding  on  Rathlin 
Island.  In  1575  he  was  recalled,  retired  from 
public  life,  but  returned  to  Ireland  the  year 
following  as  earl  marshal.  He  died  in  Dublin 
soon  after  his  arrival. 

ESSEX,  Canada,  a  town  in  the  province  of 
Ontario,  on  the  Michigan  Central  Railroad,  15 
miles  southeast  of  Windsor.  Electric  tramways 
connect  it  with  Leamington,  Kingsvillc  and 
Windsor.  It  contains  flour  and  planing  mills, 
brick  and  tile  yards  and  a  large  canning  estab- 
lishment. Natural  gas  is  plentiful  in  the  district. 
Pop.  1,353. 

ESSEX,  Conn.,  a  town  in  Middlesex  County, 
on  the  New  York,  New  Haven  and  Hartford 
Railroad,  and  on  the  Connecticut  River,  30  miles 
southeast  of  Hartford.  It  contains  a  large 
piano  factory,  a  tool  factory  and  a  public 
library.    Pop.  2,745. 

ESSEX,  England,  a  maritime  county,  on 
the  southeastern  coast;  area,  1,530  square  miles, 
of  which  80  per  cent  is  under  cultivation.  In 
the  northwest  wheat  and  barley  arc  the  prin- 
cipal crops;  fringing  the  coast  were  formerly 
swamps,  now  turned  with  excellent  grazing 
land ;  there  are  no  great  manufactures,  but  the 
fisheries  are  important  The  Stour,  Colne. 
Blackwater.  Lea  and  Thames  are  the  principal 
rivers.  The  chief  towns  are  Chelmsford,  the 
county  town,  Colchester,  Maldon  and  Harwich. 
Essex  is  one  of  the  six  "Home  Counties,"  and 
took  its  name  from  the  East  Saxons,  whose 
monarchs  reigned  over  it  from  a.d.  617  to  823. 
when  the  kingdom  was  absorbed  by  the  West 
Saxons.  It  was  recognized  as  Danish  terri- 
tory by  Alfred  the  Great  at  the  Peace  of  Wed- 
more  in  879,  but  was  reconquered  by  his  son. 
Edmund  the  Elder.  In  1045  it  was  a  part  of 
the  earldom  of  Harold,  but  passed  into  the 
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hands  of  the  Norman  conquerors.  The  county 
was  rich  in  monastic  foundations,  of  which 
few  traces  remain;  and  has  some  noteworthy 
ancient  churches  and  other  ecclesiastical  antiq- 
uities. The  county  for  parliamentary  purposes 
is  divided  into  eight  divisions,  each  returning 
one  member.  Pop.  1,350,881. 

ESSEX,  Vt.,  town  in  Chittenden  County,  on 
the  Central  Vermont  Railroad,  10  miles  north- 
east of  Burlington.  It  is  the  seat  of  the  Essex 
Gassical  Institute.  Agriculture  and  dairying 
arc  the  only  industries.   Pop.  2,714. 

ESSEX  AND  ALERT,  Naval  Action  Be- 
tween the,  in  the  War  of  1812.  On  3  July 
1812  the  American  frigate  Essex,  rated  as  a  32 
but  carrying  44  guns,  under  Capt.  David 
Porter  (q.v.)  and  with  David  G.  Farragut 
(q.v.)  as  a  midshipman,  left  New  York  and 
after  capturing  a  brig  containing  197  soldiers 
on  10  July,  came  up  with  (30  August)  and  was 
chased  by  the  British  sloop  of  war  Alert 
(rated  at  16  guns,  but  carrying  2  long  12's  and 
18  short  32's),  under  Capt.  Thomas  L.  P. 
Langharne.  Deceived  as  to  the  nature  of  the 
Essex,  the  Alert  closed  up  and  opened  fire, 
whereupon  the  Essex  nearly  sank  her  with 
a  broadside  and  after  five  minutes  of  fighting 
compelled  her  to  strike  her  colors.  The  Alert 
was  then  converted  into  a  cartel  and  Porter's 
prisoners  were  sent  in  her  on  parole  to  Saint 
John's,  Newfoundland.  After  taking  a  few 
more  prizes  and  being  chased  by  two  British 
ships,  Porter  returned  to  port  7  September. 
Consult  Cooper,  J.  F.,  'Naval  History*  (Vol. 
II,  pp.  52-55)  ;  Farragut,  Loyallt  'Life  of 
Farragut*  (pp.  15-17);  James,  William,  'Naval 
Actions'  (pp.  5-6);  Maclav,  E.  S..  'History 
of  the  Navy>  (Vol.  I,  pp.  326-31);  Roosevelt, 
'Naval  War  of  1812'  (pp.  52-82);  Spears, 
John  R..  'Life  of  Farragut'  (pp.  47-51),  and 
'History  of  Our  Navy'  (pp.  33-50). 

ESSEX  HOG.   See  Hogs. 

ESSEX  JUNCTION,  Vt.,  village  in  Chit- 
tenden County,  seven  miles  east  of  Burlington, 
on  the  Central  Vermont  Railroad.  It  contains 
Fort  Ethan  Allen  and  a  national  army  post. 
It  has  also  grain  and  lumber  mills,  brickyards, 
a  corn-canning  factory  and  a  butter  factory. 
Its  agricultural  interests  are  extensive.  The 
village  owns  its  water  plant.   Pop.  1,245. 

ESSEX  JUNTO,  a  name  applied  about 
1778  by  John  Hancock  to  the  group  of  Mas- 
sachusetts political  leaders  resident  in  or  con- 
nected with  Essex  County,  Mass. —  the  north- 
eastern county,  from  just  north  of  Boston  to 
the  New  Hampshire  boundary.  Its  coast  was 
a  line  of  commercial  and  fishing  towns  and  its 
interests  therefore  overwhelmingly  in  favor  of  a 
strong  national  government  to  protect  them 
from  foreign  countries  and  their  sister  states. 
This  made  its  leaders,  whose  great  ability  gave 
them  powerful  influence,  the  vanguard  of  the 
ultra  Federalists  and  adherents  of  Hamilton, 
whom  they  followed  in  his  split  with  John 
Adams.  The  latter  revived  the  old  nickname, 
charged  them  with  being  a  "British  faction" 
and  forcing  on  a  war  with  France  and  for 
years  after  his  retirement  assailed  them  in  the 
press.  When  the  embargo  (q.v.)  and  the  later 
war  solidified  all  New  England  Federalism  in 
a  common  self-defense,  all  the  opposition  and 
the  suspected  treason  were  attributed  by  out- 


siders to  the  Essex  Junto.  Its  chief  members 
were  George  Cabot,  Timothy  Pickering,  Theoph- 
ilus  Parsons  (State  chief  justice),  the  Lowell 
family,  Stephen  Higginson  and  Benjamin  Good- 
hue. The  "Junto"  disappeared  with  the  War 
of  1812  as  far  as  its  influence  on  national  af- 
fairs was  concerned.  It  held  on  for  a  few  more 
years  in  some  New  England  States,  but  by 
1823  its  candidates  were  defeated  even  in  Es- 
sex County.  Consult  Brown,  C.  R.,  'The 
Northern  Confederacy  according  to  the  Plans 
of  the  Essex-Junto'  (Princeton  1915). 

ESSEX,  PHCEBE  AND  CHERUB,  Battle 
of  the,  in  the  War  of  1812.  On  28  Oct.  1812. 
the  Essex,  under  Capt.  David  Porter  (q.v.), 
passed  the  Delaware  Capes  and  ran  south  to 
meet  the  Constitution,  but  failing  in  this  contin- 
ued her  voyage  and  on  12  December,  a  little 
south  of  the  equator,  captured  the  British  frigate 
Norton,  which  was  dispatched  to  the  nearest 
American  port  but  which  on  the  way  was  recap- 
tured by  the  Helvidere.  Porter  then  sailed 
around  Cape  Horn,  arrived  at  Valparaiso, 
Chile,  14  March  1813,  supplied  his  ship  and  in 
the  next  few  months  cleared  the  seas  of  British 
whalers  and  warships,  one  of  which  he  turned 
into  a  20-gun  ship  and  renamed  the  Essex 
Junior.  After  numerous  adventures  the  two 
ships  put  in  at  Valparaiso,  where  on  8  Feb.  1814, 
they  were  found  and  blockaded  by  the  British 
frigates  Phoebe  (13  long  18's,  1  long  12,  1  long 
9,  7  short  32's  and  1  short  18),  Capt.  James 
Hillyar,  and  Cherub  (2  long  9's,  2  short 
18's  and  9  short  32's).  The  Essex  was  armed 
with  17  short  32's  and  6  long  12's  so  that  while 
she  could  overpower  the  Phcebe  at  short  range, 
the  tatter's  long  range  18  pounders  would  en- 
able her  completely  to  destroy  the  Essex  from 
a  position  beyond  reach  of  the  latter's  guns. 
For  a  month  Porter  lay  practically  idle,  but, 
on  learning  of  the  approach  of  several  other 
ships,  had  decided  to  run  the  blockade  when  on 
28  March  1814,  the  Essex  parted  her  port  cable ; 
he  thereupon  attempted  to  escape  but  a  mishap 
compelled  him  to  return.  As  he  was  anchored 
in  a  small  bay  a  short  distance  from  shore, 
Porter  supposed  the  British  would  respect  the 
neutrality  of  the  port  and  had  begun  to  make 
repairs  when  the  Phoebe  and  Cherub  bore  down 
on  him  and  a  few  minutes  before  4  o'clock 
opened  fire.  As  the  Phcebe  was  on  her  stern 
and  the  Cherub  off  her  starboard  bow,  the 
Essex  could  not  reply  effectively  with  her 
broadside,  but  Porter  ran  two  long  12's  out  of 
the  stern  ports  and  at  4.30  compelled  the 
Phcebe  to  haul  off  to  repair  damages.  Since 
Porter's  long  guns  could  not  be  brought  to  bear 
and  his  carronades  could  not  reach  them,  the 
British  ships  then  proceeded  leisurely  to  pound 
the  Essex  to  pieces,  the  Phoebe  anchoring  and 
firing  her  broadsides  of  long  18's  into  the 
quarter  of  the  Essex  while  the  Cherub  kept 
under  way  and  threw  solid  shot  from  her  bow 
guns.  Porter  then  attempted  to  run  his  ves- 
sel ashore  but  was  prevented  by  a  shift  of  the 
wind ;  accordingly  he  let  an  anchor  go,  brought 
the  head  of  his*  vessel  around  and  gave  the 
Phoebe  a  broadside  that  crippled  her  and  caused 
her  to  drift  away  with  the  tide.  Unfortunately 
at  this  moment  the  hawser  of  the  Essex  parted 
and,  a  helpless  wreck,  she  aimlessly  floated 
toward  her  antagonist  ■  twice  she  took  fire,  part 
of  her  powder  exploded,  she  had  been  hulled 
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at  almost  every  shot,  and  at  6.10  her  colors  were 
hauled  down,  though  the  British  did  not  cease 
firing  until  6.20.  The  Essex  lost  58  killed  and 
66  wounded  and  28  drowned  or  missing  odt  of 
her  crew  of  255,  while  the  British  loss  was  only 
five  killed  and  10  wounded.  The  F.ssex  Junior 
was  converted  into  a  cartel  and  Porter  and  the 
survivors  were  sent  to  New  York,  arriving  in 
July  1814.  Consult  Adams,  « United  States  > 
(Vol.  VIII.  pp.  174-181);  Barnes.  James,  'Naval 
Actions  of  the  War  of  1812>  (pp.  171-87); 
Cooper,  J.  F.,  'Naval  History*  (Vol.  II,  pp.  76- 
97);  James,  William,  'Naval  Actions'  (pp.  78- 
82)  ;  Maclay,  E.  'History  of  the  Navy'  (Vol. 
I.  pp.  543-75)  ;  Mahan,  A.  T.,  'War  of  1812' 
(Vol.  II,  pp.  244-52)  ;  Porter,  'Journal  of  a 
Cruise  made  to  the  Pacific  Ocean  by  Capt.  David 
Porter  in  the  United  States  Frigate  Essex* 
(2  vols.,  1815)  ;  Porter,  David  D.,  'Life  of 
Porter';  Roosevelt,  'Naval  War  of  1812»  (pp. 
293-309)  ;  Spears,  J.  R.,  'History  of  Our  Navy' 
(Vol.  Ill,  pp.  1-53);  Wiley  and  Rincs,  'The 
United  States'  (Vol.  V,  pp.  486-93);  and 
biographies  of  D.  G.  Farragut,  by  Loyal!  Far- 
ragut,  J.  R.  Spears,  A.  T.  Mahan,  James  Barnes 
and  P.  C.  Headley. 

ESSEX  SKULL.  See  Man,  Prehistoric 
Types  of. 

ESSIPOFF,  Annette,  Russian  pianist:  b. 
Saint  Petersburg  1851.  She  studied  under 
Lcschetitzky,  of  whom  she  was  the  most  bril- 
liant pupil.  In  1874  she  began  her  career  in 
Saint  Petersburg,  made  successful  tours  in 
Europe,  and  in  1876  visited  the  United  States, 
where  she  also  achieved  a  large  measure  of 
success.  She  married  Leschetitzky  in  1880.  but 
the  pair  soon  separated  and  were  divorced. 
She  taught  piano  at  the  Saint  Petersburg  Con- 
servatory from  1893  to  1908. 

ESSLINGEN,  or  ESSLING,  Austria,  a 
village  about  six  miles  cast  of  Vienna,  famous 
as  the  scene  of  a  battle  between  the  French 
and  Austrians  on  21-22  May  1809.  It  is  some- 
times known  as  the  battle  of  Aspcrn. 

ESSLINGEN,  es'ling-en,  Germany,  town  in 
Wiirtembcrg,  on  the  Neckar,  seven  miles  east- 
southeast  of  Stuttgart.  It  was  founded  in  the 
8th  century  and  was  long  a  fortified,  Imperial 
free  town.  There  are  three  noteworthy 
churches  of  the  12th,  13th  and  15th  centuries 
respectively.  Originally  Esslingcn  belonged  to 
the  duchy  of  Swabia  and  the  Swabian  League 
of  Swabian  cities  and  governments  was  formed 
here  in  1488.  There  are  great  railway  work- 
shops, manufactories  of  machinery',  cutlery,  cot- 
ton, dye-works,  paper  and  beer.    Pop.  32364. 

ESSON,  William,  British  mathematician: 
b,  1838.  He  received  his  education  at  the  Inver- 
ness Koyal  Academy  and  at  Oxford.  In  1860- 
97  ho  was  Fellow  of  Merton  College  and  also  of 
New  College.  In  1894-97  he  served  as  deputy 
Savilian  professor  and  after  the  latter  year 
was  full  professor  at  Oxford.  He  was  elected 
member  of  the  Royal  Society,  in  whose  'Trans- 
actions* appeared  his  'Laws  of  Connection  be- 
tween the  Conditions  of  Chemical  Change  and 
its  Amounts'  (1864,  1866,  1895)  and  'Varia- 
tions with  Temperature  of  Rate  of  Chemical 
Change'  (1912). 

ESSONITE,  or  HESSONITE,  a  variety 
of  garnet  (q.v  ),  also  often  called  Cinnamon- 
stone  (q.v.). 


ESSONNES,  es'son.  France,  town  in  the 
department  of  Seine-et-Oise,  20  miles  southeast 
of  Paris.  Its  industries  comprise  iron  foun- 
dries, linen  and  paper  manufactories  and  ma- 
chinery.   Pop.  (commune)  9,348. 

ESTABLISHMENTS,  Ecclesiastical,  re- 
ligious bodies  having  prescribed  relations  to  the 
state  in  return  for  which  they  enjoy  various 
privileges  and  arc  obligated  to  certain  duties. 
The  origin  of  the  custom  harks  back  to  the 
period  when  the  religious  belief  of  a  nation 
was  unanimous  and  there  existed  much  less  of 
a  mixture  of  faiths  such  as  we  witness  to-day 
among  practically  all  modern  nations.  In  Eng- 
land, the«conncction  between  Church  and  State 
grew  up  prior  to  any  formal  legislation  on  the 
subject,  and  at  the  Reformation,  as  in  other 
countries  which  then  changed  their  spiritual 
affiliation,  passed  to  the  new  denominations. 
In  Ireland  the  Protestant  Church,  though  in  a 
minority,  enjoyed  all  the  privileges  of  an  es- 
tablished church  until  1870.  The  usual  con- 
nection between  an  established  religion  and  the 
state  is  seen  in  the  appointment  of  higher 
church  officials  by  the  secular  power,  by  tax- 
ation for  the  support  of  the  clergy,  by  regula- 
tion of  religious  property,  by  the  maintenance 
of  ecclesiastical  courts  in  which  the  canon  law 
is  enforced,  and  by  the  founding  of  a  system  of 
education  under  the  general  supervision  of  the 
clergy.  England,  Greece,  Sweden,  Norway, 
Prussia  and  other  German  states,  and  until 
1917  Russia,  have  established  churches.  In  cer- 
tain republics  of  Latin  America  the  Catholic 
Chuch  enjoys  special  privileges,  but  the  nearest 
approach  to  an  established  church  in  America 
is  to  be  found  in  the  Province  of  Quebec.  For 
the  particular  relations  existing  between  the 
church  and  these  states  see  articles  on  the 
various  countries. 

ESTAING,  es-tan,  Jean  Baptiste  Charles 
Hector,  Comie  d',  Marquis  of  Saillans,  French 
army  and  navy  officer:  b.  Auvcrgne,  1729;  d. 
Pans,  28  April  1794.  He  entered  the  French 
army  as  colonel  of  infantry;  was  promoted  to 
brigadier-general  in  1757,  and  in,  1777  became 
vice-admiral  in  the  French  navy.  In  1778,  in 
accordance  with  the  treaty  between  France  and 
the  United  States,  France  fitted  out  a  fleet  of 
12  ships  of  the  line  and  four  frigates  to  aid  the 
latter  in  the  struggle  against  Great  Britain  and 
Estaing  was  placed  in  command.  He  sailed  13 
April,  reached  I^clawarc  Bay  in  July,  and  pro- 
ceeded to  New  York.  He  captured  some  prizes 
off  the  coast  of  New  Jersey,  agreed  to  assist  in 
a  land  and  sea  attack  on  Newport  to  expel 
the  British  from  Rhode  Island;  reached  the  har- 
bor late  in  July;  and  hearing  of  the  approach 
of  a  fleet,  put  to  sea  to  meet  it  He  was  over- 
taken by  a  severe  storm,  which  caused  him 
to  put  into  Boston  for  repairs  and  the  pro- 
jected attack  failed.  Subsequently  he  captured 
Saint  Vincent  and  Grenada,  West  Indies,  and  in 
1779  co-operated  with  General  Lincoln  in  an  in- 
effectual attempt  to  capture  Savannah,  Ga.  He 
returned  to  France  in  1780.  He  commanded  the 
allied  fleets  of  France  and  Spain  in  1783;  was 
chosen  admiral  of  the  navy  in  1792.  He  was 
in  favor  of  the  French  Revolution,  and  was  one 
of  the  Assembly  of  Notables.  In  1789  he  was 
commander  of  the  National  Guard,  and  three 
years  later  admiral  by  the  selection  of  the 
Legislative  Assembly.    Two  years  later,  prob- 
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ably  because  he  had  tried  to  save  the  life  of 
Marie  Antoinette,  despite  his  eminent  military 
and  naval  services  to  France  he  was  con- 
demned as  a  royalist  and  guillotined.  Estaing 
had  ambition  to  shine  as  a  literary  man  and 
he  wrote  poetry,  a  drama  and  a  work  on  the 
Colonies. 

ESTAMPES.  or  ETAMPES.  Anne  de 
Pisseleu,  Duchesse  d\  French  adventuress, 
mistress  of  Francis  I:  b.  1508;  d.  1585.  She 
was  maid  of  honor  to  Louise  of  Savoy,  the 
mother  of  Francis,  who  fell  under  her  charms 
in  1526  soon  after  his  return  from  Spain.  At 
the  age  of  28  she  was  married  formally  to  Jean 
de  Brosse  and  received  the  title  of  Duchesse 
d'Estampes.  She  wielded  a  powerful  influence 
over  Francis,  but  there  soon  arose  a  rival  in 
the  person  of  Diane  de  Poitiers,  the  mistress 
of  the  Dauphin.  Political  parties  gathered  abou? 
these  two  courtesans  but  the  accession  of  Henry 
in  1547  totally  eclipsed  the  Duchesse  d'Kstampcs 
who  retired  to  her  estates.  She  embraced 
Protestantism  and  was  a  staunch  supporter  of 
the  Huguenot  cause.  Consult  Paris,  Paulin, 
'Etudes  sur  Francois  Icr>  (Paris  1885). 

ESTANCIA,  fs-tanthc-a,  Philippines,  a 
pueblo  of  the  province  of  Iloilo,  situated  on  the 
eastern  coast  of  the  island  of  Panay,  66  miles 
north  of  the  town  of  Iloilo.  The  main  por- 
tion of  Estancia  is  one  mile  inland,  connected 
by  a  good  road  with  the  coast  and  anchorage 
ground.    Pop.  12,700. 

ESTATE,  a  term  sometimes  used  to  indicate 
property  generally,  whether  personal  or  real. 
Sometimes  it  includes  land  alone.  It  signifies 
in  law  the  interest  which  a  person  may  have 
in  property.  It  denotes  the  time  during  which 
ownership  may  exist,  as  for  a  year,  for  life  or 
forever.  At  common  law  estates  in  land  are  di- 
vided, as  regards  the  quantity  of  interest,  into 
two  kinds,  (1)  freehold  estates,  and  (2)  estates 
less  than  freehold.  A  freehold  is  an  estate 
which  may  last  for  life  or  longer.  An  estate 
which  is  circumscribed  within  a  certain  number 
of  years,  or  one  in  which  the  possessor  has  no 
fixed  right  of  enjoyment,  is  less  than  freehold, 
and  although  in  fact  it  may  last  longer  than  the 
life  of  its  first  possessor,  still  the  law  regards 
it  as  a  lower  estate  than  a  freehold ;  it  is  per- 
sonal property  in  the  eye  of  the  law,  and  docs 
not  descend  to  heirs,  although  it  may  pass  to 
executors  or  administrators. 

Freehold  estates  are  divided  into  estates  of 
inheritance,  which  pass  to  heirs,  and  estates  not 
of  inheritance;  the  former  are  again  divided  into 
estates  in  fee  simple  and  estates  in  fee  tail.  An 
estate  in  fee  simple  is  the  estate  which  a  man 
has  where  lands  are  given  to  him  and  his  heirs 
absolutely  without  any  end  or  limit  put  to  his 
estate,  and  it  is  the  most  extensive  and  the 
highest  interest  a  man  can  have  in  land.  If  not 
aliened  or  devised,  it  passes  to  heirs  generally. 
On  the  other  hand,  a  fee  tail  is  an  estate  which 
is  limited  to  certain  particular  heirs  or  to  a 
certain  class  of  heirs,  to  the  exclusion  of  the 
others;  as  to  the  heirs  of  one's  body,  which 
excludes  collateral  heirs,  or  to  the  heirs  male 
of  one's  body,  which  excludes  females. 

In  the  United  States  fee  tails  have  had  only 
a  limited  existence,  and  are  now  in  general 
abolished.  They  were  changed  into  estates  in 
fee  simple  in  New  York  as  early  as  1782.  Free- 
holds not  of  inheritance  are  for  life  onlv,  either 
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for  the  life  of  the  tenant  or  of  some  other  per- 
son or  persons;  when  the  estate  is  called  an 
estate  pour  autre  vie.  Life  estates  are  created  by 
operation  of  law,  or  by  the  act  of  the  parties. 
An  example  of  an  estate  created  by  act  of  the 
parties  is  where  A  conveys  land  to  B  for  the 
term  of  his  natural  life,  or  where  A  conveys 
land  to  B  without  mentioning  the  duration  of 
the  term.  Here  under  the  common  law  B  would 
take  only  a  life  estate;  but  by  statute  in  many 
of  the  States  —  among  them  New  York  —  a 
grant  or  devise  of  real  estate  possesses  all  of  the 
interest  of  the  grantor  or  testator,  unless  the 
intent  to  pass  a  less  estate  or  interest  appears 
by  express  terms  or  by  necessary  implication. 

Dower  and  curtesy  are  estates  created  by 
operation  of  law.  An  estate  by  the  curtesy  is 
that  estate  to  which  a  husband  is  entitled  upon 
the  death  of  his  wife  in  the  lands  or  tenements  of 
which  she  was  seized  in  possession  in  fee  simple 
or  fee  tail,  during  their  coverture,  provided  they 
have  had  lawful  issue  born  alive,  and  possibly 
capable  of  inheriting  her  estate.  An  estate  in 
dower  is  an  estate  which  a  widow  has  for  her 
life  in  some  portion  of  the  lands  of  which  her 
husband  was  seized  at  any  time  during  cover- 
ture, and  which  her  issue  might  have  inherited 
if  she  had  any,  and  which  is  to  take  effect  in 
possession  from  the  death  of  her  husband 

Estates  less  than  freehold  are  divided  into 
estates  for  years,  at  will  and  by  sufferance.  An 
estate  for  years  is  an  interest  in  lands  by  virtue 
of  a  contract  for  the  possession  of  them  for  a 
definite  and  limited  period  of  time.  Such  estates 
are  ordinarily  called  terms.  The  length  of  time 
for  which  the  estate  is  to  endure  is  of  no  im- 
portance in  ascertaining  its  character,  unless 
otherwise  declared'by  statute.  An  estate  at  will 
is  where  one  man  lets  land  to  another  to  hold 
at  his  will,  as  well  as  that  of  the  lessee.  An 
estate  of  this  kind  is  terminated  by  cither  party 
on  notice.  Out  of  estates  at  will  a  class  of 
estates  has  grown  up  called  estates  from  year 
to  year,  which  can  be  terminated  only  by  six 
months'  notice,  expiring  at  the  end  of  the  year. 
An  important  element  in  creating  this  estate  is 
the  payment  of  rent.  An  estate  at  sufferance  is 
the  interest  of  a  tenant  who  has  come  rightfully 
into  possession  of  lands  by  permission  of  the 
owner,  and  continues  to  occupy  the  same  after 
the  period  for  which  he  is  entitled  to  hold  by 
such  permission.  This  estate  is  not  of  frequent 
occurrence,  but  is  recognized  as  so  far  an  estate 
that  the  landlord  must  enter  before  he  can  bring 
ejectment  against  the  tenant.  If  the  tenant  has 
personally  left  the  house,  the  landlord  may  break 
in  the  doors,  and  the  modern  rules  seems  to  be 
that  the  landlord  may  use  force  to  regain  pos- 
session, subject  only  to  indictment  if  any  injury 
is  committed  against  the  public  peace. 

Estates  may  depend  upon  condition;  that  is, 
their  existence  may  depend  on  the  happening 
or  not  happening  of  some  event  whereby  the 
estate  may  be  created,  enlarged  or  defeated.  A 
term  for  years,  a  freehold  or  a  fee  may  thus  be 
upon  condition.  The  condition  must  either  be 
precedent,  that  is,  must  happen  before  the  estate 
can  vest  or  be  enlarged;- or  must  be  subsequent, 
when  it  will  defeat  an  estate  already  vested. 

Estates  may  also  he  divided  into  estates  which 
arc  legal  and  those  which  arc  equitable.  Estates 
are  termed  equitable  when  the  formal  ownership 
is  in  one  person,  while  the  beneficial  ownership 
is  in  another.   In  another  form  of  expression  it 
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may  be  said  that  a  trust  is  created.  The  na- 
ture of  the  estate  is  not  affected  by  this  distinc- 
tion. For  example,  a  trust  estate  may  be  an 
estate  for  life  or  a  fee.  and  in  the  latter  case  is 
transmissible  to  heirs  as  though  it  were  a  legal 
estate. 

Estates  are  divided  into  estates  in  possession 
and  estates  in  expectancy,  in  regard  to  the  time 
of  enjoyment.  An  estate  in  possession  is  one 
in  which  there  is  a  present  right  of  enjoyment. 
Estates  in  expectancy  are  those  which  give 
cither  a  vested  or  contingent  right  of  future 
enjoyment.  Estates  are  also  divided,  in  tcgard 
to  the  number  of  owners,  into  estates  in  sever- 
alty, in  joint  tenancy,  in  common  and  in  co- 
parcenary. An  estate  in  severalty  is  one  which 
has  only  a  single  owner.  An  estate  in  joint 
tenancy  is  an  estate  owned  jointly  by  two  or 
more  persons,  whose  title  is  created  by  the  same 
instrument.  The  right  of  survivorship  is  the 
distinguishing  characteristic.  When  a  tenant 
dies  his  interest  is  extinguished,  and  the  estate 
goes  to  the  survivors.  Where  an  estate  is  con- 
veyed to  two  or  more  persons,  at  common  law, 
without  indicating  how  it  is  to  be  held,  it  is 
construed  to  be  in  joint  tenancy.  In  most  of  the 
United  States,  however,  this  rule  has  been 
changed  by  statute,  and  persons  to  whom  an 
estate  is  conveyed  or  given  take  as  tenants  in 
common,  unless  they  hold  as  trustees.  An  estate 
in  common  is  an  estate  held  in  joint  possession 
by  two  or  more  owners  at  the  same  time  by 
several  and  distinct  titles.  An  estate  in  copar- 
cenary is  an  estate  which  several  persons  hold 
as  one  heir,  whether  male  or  female.  This 
estate  has  the  three  unities  of  time,  title  and 
possession.  The  interests,  however,  of  the  co- 
parceners mav  be  unequal.  In  the  United  States 
this  estate  is  essentially  extinguished,  and  heirs 
take  as  tenants  in  common. 

ESTATE  DUTIES.  Sec  Death  Duties. 

ESTE,  es-ta,  the  name  of  an  illustrious  and 
ancient  Italian  family.  Albert  Azzo  II  is  con- 
sidered the  founder  of  the  greatness  of  his 
house.  He  inherited  or  acquired  Este,  Rovigo, 
Montagnana,  Casal  Maggiore  and  other  places 
in  Italy;  and  was  made  governor  of  Milan  by 
Henry  III  in  1045.  One  of  his  sons  became 
Duke  of  Bavaria  in  1071,  by  the  title  of  Welf  I. 
He  was  the  ancestor  of  the  German  branch  of 
the  house  of  Este,  the  dukes  of  Brunswick  and 
Hanover  from  whom  the  royal  house  of  Great 
Britain,  also  called  Este-Guelphs,  trace  their 
descent.  Albert  Azzo  died  1097,  having  pre- 
viously resigned  his  Italian  possessions  to  his 
son  Eulk,  and  retired  to  Burgundy.  Fi'LK  I 
was  attacked  by  his  brother  Welf.  who  com- 
pelled him  to  become  tributary  to  him  to  the 
extent  of  a  third  of  his  revenues.  He  was  suc- 
ceeded (1137)  by  his  son  Obizzo  I,  who  joined 
the  Lombard  league  a^niiiisl  Frederick  Barbarossa 
in  1167.  He  d.  1193,  and  was  succeeded  by 
his  son,  who  in  the  annals  of  the  family  is  called 
Azzo  V7.  Either  he  or  Obcrto  acquired  by  mar- 
riage Ferrara,  with  its  dependencies  in  Romagna, 
and  with  a  feud  which  became  hereditary  with 
the  house  of  Torcllo,  for  a  member  of  which 
house  the  bride,  violently  carried  away  by  the 
Estes,  was  intended  The  house  of  Este  thus 
became  vassals  of  the  Church  as  well  as  of  the 
Empire.  He  was  succeeded  by  Azzo  VI  (d.  1212). 
He  was  constantly.engagcd  in  war  with  the  To- 
rclli,  by  whom  he  was  thrice  driven  from 
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Ferrara.  Aldobrandino,  his  son,  died  young, 
and  was  succeeded  by  his  brother  Azzo  VII,  a 
minor,  in  1215.  He  was  engaged  in  protracted 
wars  with  the  Ghibelline  party.  Honorius  VII 
invested  him  with  the  marquisatc  of  Ancona. 
He  d.  1264,  and  was  succeeded  by  his  grandson, 
Obizzo  II,  who  was  chosen  lord  of  Modena 
and  Rcggio.  We  may  pass  over  his  successors 
to  Niccolo  III,  who  succeeded  in  1393  at  the 
age  of  nine.  During  his  reign,  and  those  of  some 
of  his  predecessors,  the  house  of  Este  became 
patrons  of  literature.  Niccolo  died  at  Milan 
26  Dec.  1441.  Lionel,  his  son  (1441-50),  re- 
ceives a  high  character  from  Muratori  for  jus- 
tice and  piety,  and  for  his  patronage  of  letters. 
He  mediated  a  peace  in  1450  between  the  Vene- 
tians and  Alfonso,  king  of  Sicily,  and  died  in 
November  of  the  same  year.  He  was  succeeded 
by  his  brother,  Borso  (d.  20  Aug.  1471).  who 
received  new  accessions  of  dignity  from  the 
emperor,  and  was  created  Duke  of  Ferrara  by 
Pope  Paul  II.  His  reign  was  peaceable  and 
prosperous.  Ercoi.e  I,  his  brother  (d.  25  Jan. 
1505),  succeeded,  to  the  prejudice  of  his  son 
Niccolo.  His  usurpation  caused  a  war,  which 
was  unsuccessful  in  deposing  him.  He  had 
Milan  and  Florence  for  allies,  the  Pope  and 
Venice  for  adversaries.  After  the  conclusion  of 
peace  in  1484  he  maintained  neutrality  in  his 
estates  for  the  remainder  of  his  reign,  while 
the  rest  of  Italy  was  convulsed  with  wars  "and 
revolutions.  He  had  for  his  minister  Boiardo, 
the  famous  author  of  the  'Orlando  Innamorato> ; 
and  Ariosto,  bom  near  the  commencement  of 
his  reign,  grew  up  under  his  patronage.  Al- 
fonso I,  his  son,  d.  31  Oct.  1534.  His  rcien 
was  a  contrast  to  the  peaceable  one  of  his 
father.  In  1509  he  joined  the  League  of  Cr»m- 
brai,  and  commanded  the  Papal  army  as  gon- 
falonier. While  conducting  the  operations  of 
the  allies  elsewhere,  his  estates  were  ravaged 
by  the  mercenary  troops  of  Venice,  whose  atroc- 
ities are  described  in  the  36th  canto  of  the 
'Orlando  Furioso.'  Alfonso  continued  in  the 
French  alliance  after  the  Pope  had  joined  the 
Venetians.  He  assisted  in  the  battle  of  Ravenna, 
and  took  prisoner  Fabrizio  Colonna,  the  general 
of  the  Pope.  After  the  French  had  been  driven 
from  Italy  he  endeavored  to  make  peace  with 
the  Pope;  but  Julius  continued  implacable.  Leo 
X  restored  him  to  his  possessions,  with  the  ex- 
ception of  Modena  and  Rcggio,  but  afterward 
excommunicated  him.  He  joined  in  the  wars 
between  Francis  I  and  Charles  V  on  the  side 
of  the  French  king,  but  was  afterward  recon- 
ciled with  the  emperor,  who  confirmed  him  in 
his  possessions,  apinst  Pope  Clement  VII 
(1530).  He  married  as  his  second  wife  the 
famous  Lucrezia  Borgia  (q.v.).  His  brother, 
the  Cardinal  Ippolito.  was  the  patron  of  Ariosto. 
Alfonso  was  succeeded  by  his  son,  Ercole  II, 
who  died  3  Oct.  1559.  He  married  Rente  of 
France  (daughter  of  Louis  XII)  in  1528.  She 
favored  the  Reformation,  and  made  the  court 
of  Ferrara  the  resort  of  the  few  advocates  of 
that  cause  in  Italy.  Calvin  visited  it  in  1535. 
Ercole  at  first  adhered  to  the  imperial  party, 
but  in  1556  joined  the  league  of  Paul  IV  and 
Henry  II  of  France  against  Spain,  and  was 
made  general  of  the  allied  forces  -  but  did  not 
push  the  war  with  vigor,  and  made  peace  with 
Spain  in  1558.  Leonora,  his  daughter  by  Renege, 
was  the  object  of  the  unfortunate  attachment  of 
Tasso.    He  was  succeeded  by  his  son,  Alton  so 
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II,  the  patron  and  persecutor  of  Tasso.  who 
died  27  Oct.  1597.  He  was  succeeded  by  his 
cousin  Cesare  (d.  11  Dec.  1628),  whom  by  his 
testament  he  had  made  his  heir;  but  this  dis- 
position was  annulled  by  the  Pope,  Clement 
VIII,  who  excommunicated  Cesare  and  de- 
prived him  of  Ferrara,  with  the  dependencies  of 
the  Church.  Cesare  was  obliged  to  content  him- 
self with  Modena  and  Reggio,  which  depended 
on  the  empire.  From  this  period  the  political 
importance  of  the  house  of  Este  greatly  dimin- 
ishes. Alfonso  IV,  who  lived  in  the  latter  half 
of  the  17th  century,  was  distinguished  for  his  pat- 
ronage of  the  fine  arts.  His  daughter.  Mary  of 
Modena,  was  married  to  lames  II  of  England. 
Rinaldo  ( 1655-1737)  by  his  marriage  with  the 
daughter  of  the  Duke  of  .Brunswick-Liincburg. 
reunited  the  German  and  Italian  branches  of 
the  house.  By  the  death  of  his  grandson  in 
1803  the  male  line  became  extinct.  His  only 
daughter  was  married*  to  the  Archduke 
Ferdinand  of  Austria,  third  son  of  Francis  I, 
who  founded  the  Austrian  branch  of  the  family 
which  existed  until  1875.  The  last  sovereign 
of  the  house  was  Francesco  V,  who  succeeded 
in  1846.  In  1859,  the  dynasty  was  deposed  by 
the  National  Assembly,  the  duchy  was  annexed 
to  Sardinia  by  the  Treaty  of  Zurich,  10  Nov. 
1859,  and  has  consequently  been  incorporated 
with  the  kingdom  of  Italv.  Consult  Browning, 
'Guelfs  andGhibellines'  (1893)  ;  Gardner.  'Prin- 
ces and  Poets  of  Ferrara*  (1904)  ;  Noyes,  'The 
Story  of  Ferrara »  (1904);  Sismondi,  'Italian 
Republics*  (Eng.  trans.,  1832);  Symonds,  'The 
Renaissance  in  Italy*  (1875-76). 

ESTE,  Italy,  town  in  the  province  of 
Padua,  17  miles  southwest  of  Padua;  the  an- 
cient Adeste.  Its  chief  industries  centre  in  pot- 
tery, cordage  and  ironware  products.  The  lean- 
ing tower,  or  campanile,  is  an  interesting  feature 
of  the  town,  as  is  the  battlemcnted  mediaeval  for- 
tress, known  as  the  Rocca.  Here  once  ruled  the 
Este  family,  one  of  the  most  ancient  and  illus- 
trious families  of  Italy.  In  the  11th  century  the 
house  of  Este  became  connected  by  marriage 
with  the  German  VVelfs,  or  Guelphs,  and 
founded  the  German  branch  of  the  house  of 
Este,  the  dukes  of  Brunswick  and  Hanover. 
The  reigning  house  in  Great  Britain  descends 
from  this  family.  The  sovereigns  of  Ferrara 
and  Modena  were  also  of  this  family,  several 
of  them  being  famous  as  patrons  of  letters. 
The  lives  of  Boiardo,  the  author  of  'Orlando 
Innamorato,'  Ariosto  and  Tasso  were  closely 
connected  with  members  of  this  house.  The 
last  male  representative  of  the  Estes  died  in 
1798.  His  daughter  married  a  son  of  the 
Emperor  Francis  I  of  Austria,  who  founded 
the  Austrian  branch  of  the  house  of  Este.  of 
which  the  male  line  became  extinct  in  1875, 
his  title  then  passing  to  the  Archduke  Francis 
Ferdinand,  heir  to  the  Austrian  throne.  Pop. 
11,700. 

ESTEBANEZ,   Calderon,   Don  Sermfin, 

Spanish  author,  best  known  as  «E1  Solitario": 
b.  Malaga.  27  Sept.  1799;  d.  Madrid,  5  Feb. 
1867.  He  studied  for  the  legal  profession  at 
the  University  of  Granada,  was  called  to  the 
bar  and  settled  for  some  time  in  Madrid.  In 
1822  he  was  appointed  professor  of  poetry  and 
rhetoric  at  the  University  of  Granada,  and  in 
1831  under  his  pseudonym  of  "El  Solitario*  he 
published  a  volume  of  verses.   He  wrote  several 
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articles  on  Andalusian  customs  'for  Cartas 
Espanotes,  and  in  1834  became  auditor-general 
of  the  Legitimatist  army  of  the  north.  Two 
years  later  he  was  made  mayor  (Jefe-politico) 
of  Logrono,  but  before  entering  on  his  new 
duties  an  accident  obliged  him  to  retire  to 
Madrid  where  he  set  about  collecting  manu- 
scripts of  the  national  literature  of  Spain.  In 
1838  he  was  made  jefc-politico  of  Seville  and 
thereafter  served  several  terms  as  deputy.  In 
1K56  he  was  elected  to  the  Council  of  State.  In 
1847  appeared  his  greatest  original  work, 
'Escenas  andaluzas,*  inimitable  as  records  of  a 
life  most  of  which  has  now  gone.  His  manu- 
script collections  are  now  the  property  of  the 
Spanish  government.  Consult  Canovas  del  Cas- 
tillo, 'El  solitario  y  su  tiempo*  (2  vols., 
Madrid  1883). 

ESTELLA,  Spain,  town  in  the  province  of 
Navarre,  20  miles  southwest  of  Pamplona.  It 
is  a  well-built  city  with  fine  streets  and  many 
interesting  churches,  some  of  which  are  many 
centuries  old.  Its  trade  and  manufactures  are 
also  considerable  and  it  is  a  place  of  military 
importance.  The  town  was  taken  by  the  Car- 
lists  in  1835,  and  in  1839  was  executed  here  the 
Carlist  leader,  Maroto,  with  five  other  generals 
of  that  party.  Again  in  the  seventies  it  was  the 
scene  of  spirited  conflicts  and  the  stronghold 
of  Don  Carlos.  When  the  latter  lost  the  town 
in  1876  his  cause  suffered  a  complete  collapse. 
Pop.  5,638. 

ESTEPA,  Spain,  town  in  the  province  of 
Seville,  60  miles  east  of  the  city  of  that  name, 
and  situated  in  a  hilly  region.  It  contains  a 
famous  old  Moorish  castle  and  has  fine  broad 
streets.  Agriculture  and  stockraising  are  its 
principal  interests  but  it  has  also  manufactures 
of  oil  soap.  Jasper  quarries  in  the  neighbor- 
hood give  employment  to  a  large  number  of 
persons.  Estepa  is  the  ancient  Astapa,  which 
came  into  prominence  during  the  Second  Punic 
War  for  the  heroic  resistance  of  its  citizens  who 
chose  to  die  by  fire  rather  than  surrender  to  the 
Roman  besiegers.  Later  it  was  a  flourishing 
Roman  colonv.  Ferdinand  III  took  it  from  the 
Moors  in  1240.    Pop.  8.234. 

ESTEPONA,  Spain,  seaport  in  the  province 
of  Malaga,  on  the  Mediterranean  coast,  25 
miles  northeast  of  Gibraltar.  It  is  situated  in  a 
fertile  region  which  produces  fruits,  grain, 
vegetables  and  wine.  Its  coast  trade  is  ham- 
pered by  the  lack  of  adequate  harbor  facilities 
but  its  fishing  interests  are  considerable  and  it 
has  distilleries,  leather-curing  establishments, 
rope  and  cork  works  and  brick  and  tile  yards. 
Pop.  9.613. 

ESTERHAZY.  Sec  Eszterhazy. 
ESTERIFICATION.  See  Esters. 

ESTERS  (an  arbitrary  modification  of 
ether).  Compound  ethers,  or  ethereal  salts, 
are  compounds  in  which  one  or  more  alcohol 
or  basic  radicals  are  united  to  one  or  more 
acid  radicals.  Thev  are  analogous  to  the 
salts  of  the  metals.  Thus  CH.COO.H  is  acetic 
acid  and  if  the  typical  hydrogen  of  this  acid 
is  replaced  by  the  monad  radical  ethyl,  the 
resulting  compound,  CHjCOO.GHj,  is  known 
as  ethylaceric  ester.  Chemically,  this  sub- 
stance is  analogous  to  potassium  acetate, 
CHiCOO.K.  obtained  by  replacing  the  hydrogen 
of  the  acetic  acid  by  potassium.    The  word 


Digitized  by  Google 


522  ESTES  — 

ester  was  originally  applied  by  Gmelin  to 
compounds  of  the  alcoholic  radicals  with  oxy- 
genated acids;  but  it  has  now  been  extended  so 
as  to  include  all  the  salts  of  the  alcoholic  radi- 
cals. Ethyl  bromide,  GHi.Br,  for  example,  is 
now  included  among  the  esters.  Some  of  the 
esters  are  prepared  by  the  direct  action  of  the 
acid  upon  the  alcohol.  In  other  cases  a  mix- 
ture of  the  acid  and  the  alcohol  is  distilled  with 
the  addition  of  sulphuric  acid,  zinc,  chloride  or 
other  dehydrating  agent.  The  esters  may  also 
be  prepared  by  treating  the  iodide  of  the  alcohol 
radical  with  the  silver  salt  of  the  acid,  the 
iodine  and  silver  combining  to  form  iodide  of 
silver,  while  the  liberated  alcoholic  and  acid 
radicals  combine  to  produce  the  desired  ester. 
The  esters  of  the  organic  acids  occur  in  fruits 
and  flowers  and  arc  also  prepared  artificially  for 
flavoring  purposes  and  for  improving  the 
bouquet  of  wines.  The  fats  and  oils  which 
contain  glycerine  in  combination  with  oleic, 
margaric  and  other  acids  may  be  regarded  as 
esters,  since  glycerine  is  a  triatomic  alcohol. 
Much  attention  has  been  paid  to  the  esters  in 
connection  with  theoretical  chemistry,  since 
they  are  well  adapted  for  the  study  of  the  laws 
of  mass-action.  See  Equilibrium,  Chemical; 
Ether. 

ESTES,  Dana,  American  publisher:  b. 
Gorham,  Me.,  1840-  d.  1909.  He  received  his 
education  in  the  public  schools,  for  many  years 
was  engaged  in  mercantile  affairs  and  served  in 
the  Union  army  in  the  Civil  War.  He  became 
a  member  of  the  publishing  firm  of  Dcgen,  Estes 
and  Company,  and  afterward  that  of  Lee  and 
Shcpard.  In  1872  he  became  a  partner  in  the 
firm  of  Estes  and  Lauriat,  which  in  1898  be- 
came known  as  Dana  Estes  and  Company.  He 
was  also  a  traveler  of  note,  being  the  first 
American  to  explore  the  region  of  the  Nile  as 
far  as  Uganda  and  the  Kongo.  He  also  helped 
organize  the  International  Copyright  Associa- 
tion, of  which  he  became  the  first  secretary. 
He  wrote  'Chimes  for  Childhood*  (1868): 
'Spectrum  Analysis  Examined'  (1872)  ;  and 
was  the  editor  of  <  Half-Hour  Recreations  in 
Popular  Science'  (2d  ed.,  1879). 

ESTEVAN,  Canada,  town  in  Assiniboia 
District,  on  the  Canadian  Pacific  Railway  and 
on  the  Souris  River,  145  miles  southeast  of 
Moosejaw.  Flour  mills,  lumber  and  brick  yards, 
grain  elevators  arc  its  principal  industries.  It 
has  also  a  government  coal-testing  plant  and 
there  is  a  large  trade  in  coal  and  brick.  The 
electric-light  plant  is  the  prppcrty  of  the  town. 
Pop.  4,000. 

ESTHER,  or  HAD  ASS  AH  (Heb.  myrtle; 
Babylonian,  Ishtar),  the  name  of  a  Jewish 
maiden,  chosen  by  Xerxes  to  be  his  qiiccn.  She 
was  one  of  the  heroines  of  Hebrew  history  and 
maintained  the  rights  of  her  nation  at  the  court 
of  the  king  of  Persia.  Esther  gave  her  name  to 
the  'Book  of  Esther,'  one  of  the  books  of  the 
Bible.  According  to  the  account  given  in  the 
latter,  Esther  belonged  to  the  tribe  of  Benjamin. 
Much  controversy  has  been  expended  over  the 
character  of  Esther  whom  the  more  radical 
Biblical  critics  have  been  inclined  to  look  upon 
as  a  purely  mythical  personage  evolved  from  the 
Jewish  knowledge  of  the  Babylonian  goddess, 
Ishtar,  a  name  which,  in  later  Babylonian,  be- 
comes Esira.  The  Jewish  account  of  the  life 
of  Esther  states  that  she  was  the  daughter  of 


Abihail  who  died  while  she  was  quite  young, 
leaving  her  to  the  care  of  her  cousin  Mordecai 
in  Susa,  then  the  capital  of  Persia.  When  she 
had  grown  to  be  a  young  woman,  Xerxes 
(Ahasuerus)  divorced  his  queen,  Vashti,  and 
made  Esther  queen  in  her  place.  But  according 
to  Herodotus  Xerxes  had  only  one  queen, 
Amestris,  whose  character  and  history  in  no 
manner  resemble  those  of  Esther.  Moreover, 
it  has  been  pointed  out  by  critics  that  the 
Persian  sovereigns  were  bound  by  a  certain 
court  etiquette,  and  by  Persian  custom,  to  select 
their  legal  wives  from  the  Persian  royal 
family  or  from  the  daughters  of  foreign  royal 
families  in  order  to  maintain  the  purity  of  the 
blood  of  the  Persian  sovereign.  This  was 
looked  upon  as  of  great  importance  in  an  age 
when  the  royal  family  was  believed  to  be  the 
direct  blood  descendants  of  the  gods.  Vashti 
is  said  to  have  been  divorced  because  she  re- 
fused to  unveil  herself  publicly  at  a  banquet. 
It  has  been  suggested  that  there  is  some  con- 
nection between  this  statement  and  the  fact 
that  Ishtar  (Estra)  was  called  the  naked  god- 
dess, and  was  looked  upon  as  the  great  mother 
deity  and  the  "queen  of  heaven."  As  the  Per- 
sian king  was  the  earthly  representative  of 
heaven,  his  queen  was  also  styled  the  queen  of 
heaven  and  thus  probably  represented  the  deity 
of  the  same  title.  Hence  the  more  advanced 
Biblical  scholars  have  concluded  that  Esther 
was  never  the  queen  of  Xerxes;  and  that  she 
could  have  been  nothing  more  than  the  chief 
favorite  of  his  harem,  if  she  ever  had  any 
real  existence. 

Notwithstanding  this  attitude  of  modern 
critics,  the  Jews  never  had  any  doubt  as  to  the 
truth  of  the  Biblical  account  of  the  life  and 
doings  of  Esther,  who  is  credited  with  deliver- 
ing the  Jewish  people  from  the  exactions  and 
cruelty  of  Xerxes'  vizier  and  effecting  the  final 
overthrow  of  the  latter.  This  belief  is  as 
strong  to-day  as  in  the  past,  and  the  deliver- 
ance effected  by  Esther  is  still  celebrated  in 
the  Peast  of  "Purim.  Consult  the  Biblical 
'Book  of  Esther';  Isthar;  Purim;  and  Es- 
ther, Book  of. 

Bibliography.— Chcync,  'Founders  of  Old 
Testament  Criticism'  (London  1893) ;  Debaeza, 
'Historia  Esther';  de  La  garde,  'Purim' 
(Gottingen  1887) ;  Gunkel,  'Schopfung  und 
Chaos'  (Gottingen  1895)  ;  Hughes,  'Esther  and 
her  People'  (London  1846);  Jampcl,  'Das 
Buch  Esther' ;  Nowack,  'Archaologic'  ;  Sayce, 
'Introduction  to  Esther'  (London  1885);  Toy, 
'New  World'  (Vol.  5.  1887)  ;  Tyrwhitt,  'Esther 
and  Ahasuerus'  (London  1868). 

ESTHER,  Indian  chieftainess.  See  Mon- 
tour 

ESTHER,  (1)  Drama  on  the  life  of  Esther, 
the  personage  of  the  Old  Testament,  written  by 
Racine  at  the  instance  of  Madame  de  Main- 
tenon.  The  pupils  of  Saint-Cvr  performed  the 
drama  before  King  Louis  XIV  in  1689.  (2) 
An  oratorio  by  Handel  based  on  the  drama  of 
Racine,  first  performed  in  1720.  The  words 
were  by  Humphreys. 

ESTHER,  Apocryphal  Books  of.  See 

Apocrypha. 

ESTHER,  Book  of.  The  book  of  Esther 
was  written  for  the  primary  purpose  of  giving 
an  account  of  the  supposed  circumstances  of 
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the  origin  of  the  feast  of  Purim.  This  was 
pat  in  the  reign  of  the  Persian  king  Ahasuerus, 
is  certainly  to  be  identified  with  Xerxes,  who 
reigned  from  487  to  466  b.c. 

The  first  question  is  concerning  the  historical 
character  of  the  book.  The  author  had  a  gen- 
eral acquaintance  with  Persian  customs,  and 
of  the  statements  made  are  confirmed 
from  other  sources.  But  some  of  the  details 
of  the  book  are  certainly  inaccurate,  and  many 
others  probably  so.  Xerxes'  queen  from  the 
seventh  to  the  twelfth  year  of  his  reign  was  not 
Esther,  as  represented  in  the  book,  but  Amestris, 
a  Persian ;  no  captive  of  Nebuchadrezzar's  was 
chief  minister  of  Xerxes;  and  the  chronology 
is  incorrect.  The  book,  therefore,  is  not  ac- 
curate history;  it  is  probable  that  there  is  no 
historical  element  in  the  book.  This  appears 
especially  from  a  consideration  of  the  feast  of 
Purim.  This  is  stated  in  ix,  26,  sec  iii,  7,  to 
have  been  derived  from  the  presumably  Persian 
word  Pur,  meaning  lot.  No  such  Persian  word 
is  known.  The  feast  of  Purim  is  first  men- 
tioned, under  the  name  of  the  day  of  Mordecai, 
in  2  Maccabees  xv,  36,  2  Maccabees  being  writ- 
ten in  the  1st  century  B.C.  This  makes  it  un- 
likely that  the  feast  was  established  as  early  as 
the  time  of  Xerxes,  and  hence  makes  im- 
probable any  historical  basis  for  the  book. 
The  book,  therefore,  is  of  the  nature  of  a 
romance,  giving  a  current  story  concerning  the 
origin  of  the  feast. 

The  actual  origin  of  the  feast  would  seem, 
therefore,  to  have  been  unknown  to  the  writer 
and  his  time.  This  gives  a  presumption  that  it 
was  of  foreign  origin.  The  indications  are 
that  the  origin  was  in  Babylonia.  The  name 
Mordecai  is  quite  evidently  a  form  of  Marduk, 
the  name  of   the  head   of   the  Babylonian 

Sintheon,  and  Esther  is  Ishtar,  the  principal 
abylonian  goddess.  Haman,  further,  is  Hum- 
man  or  Humban,  the  chief  Elamite  god,  and 
Vashti  is  probably  to  be  identified  with  Mashti, 
a  vaguely  known  Elamite  deity.  Originally, 
therefore,  the  story  seems  to  have  been  a  myth, 
giving  an  account  of  a  conflict  between  the 
principal  deities  of  Babylonia  and  Elam.  It  is 
not  possible,  however,  to  find  any  probable  iden- 
tification of  the  feast  of  Purim  with  any  known 
Babylonian  feast  The  Babylonian  account  of 
the  feast  has  here  been  put  into  a  Jewish  form. 
It  is,  of  course,  quite  possible  that  the  mythical 
nature  of  the  story  had  been  obscured  before  it 
reached  the  writer. 

The  indications  point  to  a  late  writing  of  the 
book.  The  author  was  living  in  the  time  of  the 
observance  of  the  feast  of  Purim,  which  was 
probably  late,  as  has  been  indicated.  The  omis- 
sion of  Esther  and  Mordecai  from  the  long  list 
of  Hebrew  worthies  in  Eccl.  xliv-xlix,  written 
about  180  b.c,  strongly  suggests  that  the  book 
had  not  then  been  written.  It  has  been  sug- 
gested that  the  attitude  of  hostility  to  the 
Gentiles  which  appears  in  the  book  might  be 
due  to  the  experiences  of  persecution  by  Antio- 
chus  Epiphanes.  But  the  absence  of  any  specific 
references  to  the  Maccabean  period  makes  it 
probable  that  the  date  was  before  168  b.c.  The 
language  of  the  book  is  late,  although  there 
are  no  words  which  are  certainly  to  be  identi- 
fied as  Greek.  The  author  speaks  of  the  reign 
of  Xerxes  in  a  way  which  indicates  that  it  was 
long  past.  It  is  probable  that  the  book  was 
written  after  180  b.c.  and  before  168. 


The  absence  of  the  name  of  God  from  the 
book  has  been  the  occasion  of  much  perplexity. 
The  explanation  has  been  suggested  that  it  was 
due  to  the  fact  that  the  book  was  designed  to 
be  read  at  the  celebration  of  the  feast  of  Purim, 
this  being  a  festival  of  such  mirth,  due  prin- 
cipally to  drinking,  that  there  would  be  danger 
of  the  profanation  of  the  name  of  God  if  it 
occurred  in  the  reading.  The  principal  reli- 
gious teaching  of  the  book  is  that  of  the  provi- 
dence of  God  over  bis  people,  which  is  con- 
ceived, however,  in  a  spirit  of  national  bigotry. 
The  interest  of  the  writer  is  not  primarily 
religious  but  national. 

The  moral  tone  of  the  book  is  not  high.  No 
character  portrayed  in  the  book  is  an  admirable 
one.  Esther  and  Mordecai  have  the  desire  for 
revenge,  as  well  as  other  qualities  rather 
ignoble  than  exalted.  The  book  in  its  general 
spirit  is  below  the  level  of  most  of  the  Old 
Testament. 

Bibliography. —  Adeney,  W.  F.,  'Ezra, 
Nehemiah  and  Esther'  ('Expositor's  Bible', 
New  York  1893);  Da  vies,  T.  W.,  'Ezra, 
Nehemiah  and  Esther*  ('Century  Bible,'  Edin- 
burgh no  date)  ;  Paton,  L.  B.,  'The  Book  of 
Esther'  ('International  Critical  Commentary,' 
New  York  1908);  Streane,  A.  W,  'Esther' 
('Cambridge  Bible,'  Cambridge  1907). 

George  R.  Berry, 
Professor  of  Old  Testament  Interpretation  and 
Semitic  Languages,  Colgate  University. 

ESTHERIA,  bivalve  crustacean  of  the 
order  of  Brachiopods,  found  as  a  fossil  in  fresh 
water  deposits  dating  from  the  Devonian  to 
the  Pleistocene  periods.  There  are  about  24 
living 'species  and  about  the  same  number  of 
fossil  species.  *  In  the  former  the  shell  is  from 
one-eighth  to  one  inch  in  length  and  is  rounded 
and  flat  with  beaks  near  the  hinge.  The  sur- 
face is  marked  with  folds  .and  ridges  which 
serve  to-distinguish  it  from  the  small  pelecypods. 
Consult  Jones,  'A  Monograph  of  the  Fossil 
Esthcria'  (in  'Monographs  of  the  Palseonto- 
logical  Society,'  London  1862). 

ESTHERVILLE,  Iowa,  city  and  county- 
scat  of  Emmet  County,  140  miles  northwest  of 
Des  Moines,  on  the  Des  Moines  River,  and  on 
the  Minneapolis  and  Saint  Louis  and  the  Chi- 
cago, Rock  Island  and  Pacific  railroads.  It 
has  extensive  agricultural  and  stock  raising  in- 
terests and  contains  flour  mills,  grain  elevators, 
railroad  repair  shops,  machine  shops,  tub  fac- 
tories and  cement  works.  It  has  also  a  Carnegie 
library  and  a  fine  school  building  and  owns  the 
walerworks  and  electric-lighting  plants.  Pop. 
3,404. 

ESTHONIA,  es-tho'nt-a,  Russia,  a  maritime 
government,  bordering  on  the  Gulf  of  Fin- 
land and  the  Baltic.  On  the  east  is  the  gov- 
ernment of  Petrograd;  on  the  south  Lake 
Peipus  and  the  government  of  Livonia.  Most 
of  the  territory  included  in  Esthonia  is  low 
and  swampy  or  cut  up  by  streams  and  lakes; 
and  cold,  raw  winters  and  hot  summers  are  the 
rule.  Live  stock  raising  and  agriculture  are 
the  chief  occupations  of  the  inhabitants,  who  are 
industrious,  enterprising  and  given  to  the  use 
of  modern  methods  of  farming  and  stock  rais- 
ing Among  the  growing  industries  of  Es- 
thonia are  machinery,  iron  and  steel,  liquors 
and  cotton.  Considerable  trade  is  also  carried 
on  with  neighboring  countries  and  with  the 
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interior  of  Russia.  It  includes  several  islands, 
of  which  the  most  important  are  Dagoe  and 
Oesel;  area,  about  7,818  square  miles.  The 
peasantry  are  almost  all  of  Finnish  origin  and 
speak  a  Finnish  dialect.  In  the  10th  and  12th 
centuries  it  belonged  to  Denmark;  it  was  after- 
ward annexed  by  Sweden  and  in  1710  was  seized 
by  Russia.  The  chief  seaport,  Reval,  which  is 
connected  by  rail  with  Petrograd,  has  exten- 
sive shipping.  (See  Reval).  Pop.  416,580. 
Consult  Vincent,  'Norsk,  Lapp,  and  Finn'; 
Jordan,  «  Beitrage  zur  Geographic  und  Statistik 
Esthlands.' 

ESTHS.   See  Esthonia. 

ESTIENNE,  a-te-tn.  or  ETTENNE  (Lat. 
Stephanus),  Henri,  6n-re,  French  painter  and 
scholar:  b.  Paris,  1528;  d.  Lyons,  March  1598. 
He  was  a  son  of  Robert  Estiennc  (q.v.)  and 
continued  his  work.  Besides  compiling  the  noted 
'Thesaurus  linguae  Gracar*  (1572),  he  wrote 
'Apologie  pour  Herodote*  (1566);  'Trait6  de 
la  conformite  du  Francais  cvec  lc  Grcc\  etc. 

ESTIENNE.  or  ETIENNE  (Lat.  Stepha- 
nus), Robert,  ro-bar,  French  printer  and 
scholar:  b.  Paris,  1503;  d.  Geneva,  7  Sept.  1559. 
In  1526  he  established  a  printing  house  in  Paris 
and  in  1539  was  appointed  royal  printer  to 
Francis  I.  He  removed  to  Geneva  about  1552. 
He  published  many  editions  of  the  Greek  and 
Latin  classics  and  compiled  numerous  other 
works.  His  son  Henri  took  up  his  father's  work 
on  the  death  of  the  latter  and  was  also  a  writer 
of  note.    He  died  in  Lyons  in  1598. 

ESTIVATION,  the  dormancy  or  ■summer- 
sleep/  induced  in  some  of  the  lower  plants  and 
animals  by  heat  and  drought,  and' the  means  by 
which  in  summer  they  resist  these  unfavorable 
conditions,  as  they  do  others  in  winter  by  hiber- 
nation. The  two  states  are  comparable,  though 
induced  by  opposite  conditions.  In  summer  the 
principal  danger  to  which  such  organisms  are 
exposed  is  the  deprivation  of  water.  Some  of 
the  lowest  are  able  to  endure  this  to  an  extreme 
degree.  Certain  bacteria  and  other  low  plants 
and  various  animalcules  will  survive  prolonged 
baking  and  may  blow  about  in  the  dust  of 
dricd-up  ponds  for  a  long  period,  ready  to  revive 
when  dampened.  Among  land-snails  estivation 
is  a  common  phenomenon,  the  snails  protecting 
themselves  from  excessive  loss  of  moisture,  not 
only  by  burrowing  into  the  ground,  but  by 
throwing  one  or  several  epiphragms  of  hard- 
ened, sometimes  chalky,  mucus  across  the  aper- 
ture of  the  shell,  thus  shutting  themselves  into 
an  air-tight  case,  where  they,  remain  inactive 
until  better  conditions  arrive.  In  a  similar  man- 
ner certain  fishes  and  amphibians  bury  them- 
selves in  the  muddy  bottom  of  ponds  or  river- 
pools  evaporated  by  drought,  where  they 
preserve  sufficient  dampness  about  them  to  keep 
alive.  Turtles,  on  the  other  hand,  are  often 
compelled  to  leave  their  pools  in  the  tropics, 
because  the  water  becomes  so  hot  and  full  of 
fermentation  and  seek  cool  spots  under  rocks, 
and  the  like,  where  they  sleep  torpidly  until 
autumn.  Even  a  few  mammals  of  extremely 
hot  regions,  such  as  the  deserts  of  Australia, 
o  into  a  summer-sleep  during  the  height  of  the 
ot  season,  substantially  as  their  congeners 
hibernate  in  the  midwinter  of  northern  climates. 
See  Hibernation. 


ESTLANDER,    Carl    GnsUv,  Finnish 

author:  b.  1834;  d.  1910.  In  1868  he  was  ap- 
pointed professor  of  aesthetics  in  the  University 
of  Hclsingfors  and  in  1876  founded  the  the 
Finland  Review  of  which  he  became  the  editor. 
His  many  works  were  of  great  importance  to 
the  artistic  literature  of  his  country;  they  in- 
clude 'The  History  of  the  Plastic  Arts  from 
the  Middle  of  the  Eighteenth  Century  to  our 
own  Time*  (1867) ;  'The  Development  Past  and 
Future  of  the  Art  and  Industry  of  Finland* 
(1871);  'Richard  Coeur  de  Lion  in  History 
and  Poetry*  (1858)  ;  'The  Robin  Hood  Ballads' 
(1889);  and  researches  into  the  Tristan  ro- 
mance, published  in  French  (1866). 

ESTOC,  a  small  dagger,  known  in  the  16th 
century  as  a  ■tuckle*  and  usually  worn  at  the 
girdle. 

ESTOILE,  or  STAR,  a  bearing  in  heraldry, 
differing  from  the  mullet  in  that  it  has  six  wavy 
rays  instead  of  the  five  plain  waves  of  the  latter. 
See  Heraldry. 

ESTON,  England,  town  in  the  North  Riding 
of  Yorkshire,  four  miles  east  of  Middlcbor- 
ough.  It  has  large  manufactories  of  steel  rails. 
Pop.  12,026. 

ESTOPPEL,  the  preclusion  of  a  person 
from  asserting  a  fact  by  previous  conduct,  in- 
consistent therewith,  on  his  own  part  or  the  part 
of  those  under  whom  he  claims,  or  "by  an  ad- 
judication upon  his  rights  which  he  cannot  be 
allowed  to  call  in  question ;  a  preclusion,  in  law, 
which  prevents  a  man  from  alleging  or  denying 
a  fact,  in  consequence  of  his  own  previous  act, 
allegation  or  denial  of  a  contrary  tenor;  a  plea 
which  neither  admits  nor  denies  the  facts  alleged 
by  the  plaintiff,  but  denies  his  right  to  allege 
them.  According  to  Blackstone,  it  is  a  special 
plea  in  bar,  which  happens  where  a  man  has 
done  some  act  or  executed  some  deed  which 
precludes  him  from  averring  anything  to  the 
contrary.  Where  a  fact  has  been  asserted  or 
admitted  for  the  purpose  of  influencing  the  con- 
duct or  deriving  a  benefit  from  another,  so  that 
it  cannot  be  denied  without  a  breach  of  good 
faith,  the  law  enforces  the  rule  of  good  morals 
as  a  rule  of  policy  and  precludes  the  party  from 
repudiating  his  representations  or  denying  his 
admissions.    (Rawle,  Cor.  407.) 

This  doctrine  of  law  gives  rise  to  a  kind  of 
pleading  that  is  neither  by  way  of  traverse  nor 
of  confession  and  avoidance;  that  is,  a  pleading 
which,  waiving  any  question  of  fact,  relies 
merely  upon  the  estoppel,  and,  after  stating  the 
previous  act,  allegation  or  denial  of  the  oppo- 
site party,  prays  judgment  if  he  shall  be  re- 
ceived or  admitted  to  aver  contrary  to  what  he 
before  said  or  did.  This  pleading  is  called  a 
pleading  by  way  of  estoppel.  Until  a  recent 
period  questions  regarding  estoppel  arose  almost 
entirely  in  relation  to  transfers  of  real  estate 
and  the  rules  in  regard  to  one  kind  of  estoppel 
were  quite  fully  elaborated  The  principle  is 
now  applied  to  all  cases  where  one  by  words  or 
conduct  wilfully  causes  another  to  believe  in 
the  existence  of  a  certain  state  of  things,  and 
induces  him  to  act  on  that  belief  or  to  change 
his  own  previous  situation. 

Estoppels  operate  not  only  on  present  in- 
terests, but  on  rights  subsequently  acquired 
They  operate,  however,  only  between  parties 
and  privies  and  the  party  who  pleads  the  es- 
toppel must  be  one  who  was  adversely  affected 
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by  the  act  which  constitutes  the  estoppel.  An 
estoppel  may  be  by  record,  and  by  record  in 
this  connection  is  meant  the  record  of  a  tribunal 
of  a  judicial  character.  An  admission  made  in 
a  pleading  in  a  judicial  proceeding  cannot  be 
contradicted  by  the  person  making  it.  So,  ordi- 
narily, the  judgment  of  a  court  of  competent 
jurisdiction  cannot  be  impeached.  If  it  deter- 
mines the  status  of  a  person  or  thing,  it  is 
binding  on  all  persons,  whether  rendered  by  a 
domestic  or  a  foreign  court.  Judgments  of  this 
character  are  judgments  in  rem.  If  the  judg- 
ment is  in  personam,  it  is  conclusive  if  rendered 
by  a  domestic  tribunal,  and  is  conclusive  in  some 
instances  if  rendered  by  a  foreign  tribunal. 
Legislature  records  also  import  absolute  verity. 
(Bigclow  on  Estop.  33.) 

An  estoppel  by  deed  is  such  as  arises  from 
the  provisions  of  a  deed.  It  is  a  general  rule 
that  a  party  to  a  deed  is  estopped  to  deny  any- 
thing stated  therein  which  has  operated  upon 
the  other  party,  as  the  inducement  to  accept  and 
act  under  such  deed,  including  a  deed  made  with 
covenant  of  warranty,  which  estops  even  as  to 
a  subsequently  acquired  title.  The  deed  must 
be  good  and  valid  in  its  form  and  execution  to 
create  an  estoppel,  and  must  convey  no  title 
upon  which  the  warranty  can  operate  in  case 
of  a  covenant. 

Estoppels  must  be  reciprocal.  An  estoppel 
M  pais,  or  equitable  estoppel,  occurs  when  a 
party  to  an  action  has  by  his  act  or  declaration 
induced  the  other  party  to  do  some  act  or  acts 
which  otherwise  would  not  have  been  done,  or 
to  omit  to  do  sonic  act  or  acts  which  he  would 
have  done,  and  by  means  of  which  he  has  been 
injured.  The  principle  underlying  such  estop- 
pels is,  that  it  would  be  a  fraud  in  a  party  to 
assert  what  his  previous  conduct  and  admission 
have  denied,  when,  on  the  faith  of  that  denial, 
others  have  changed  their  situation.  There 
must,  however,  as  a  rule,  be  some  intended  de- 
ception in  the  conduct  or  declarations  of  the 
party  to  be  estopped,  or  such  gross  negligence 
on  his  part  as  to  amount  to  constructive  fraud, 
by  which  another  has  been  misled  to  his  injury. 

ESTOTILAND,  a  mythical  land,  placed  by 
the  old  geographers  where  are  now  portions  of 
Newfoundland,  Labrador,  and  that  part  of 
British  America  bordering  on  Hudson  Bay.  It 


was  said  to  have  been  discovered  by  two  Fries- 
land  fishermen  driven  out  of  their  course  by  a 
storm,  two  centuries  before  the  time  of  Colum- 
bus. In  1497  the  Cabots  set  sail  from  England 
for  Estotiland,  but  discovered  instead  New- 
foundland. 

ESTOURNELLES  DE  CONSTANT, 
Paul  Henri  Benjamin,  Baron  d',  French 
author:  b.  La  Fleche,  Sarthe,  1852.  He  was 
educated  at  the  Louis-le-Grand  Lyceum,  Paris, 
and  at  the  School  of  Oriental  Languages, 
joined  the  diplomatic  service,  in  which  he 
served  as  secretary  to  the  commission  for  the 
boundaries  of  Montenegro,  afterward  becom- 
ing charge-d'affaircs  in  that  country.  He 
served  also  at  The  Hague  and  in  Tunis  and 
London.  In  1895-1904  he  was  deputy  from 
Sarthe  and  in  the  latter  year  was  elected  sen- 
ator. He  become  conspicuous  for  his  advocacy 
of  international  peace,  was  elected  member  to 
The  Hague  conferences  and  of  the  international 
court  His  efforts  to  bring  about  a  better  feel- 
ing between  France  and  Germany  were  untir- 


ing and  in  1909  he  was  awarded  the  Nobel  prize 
for  peace.  He  has  published  frequently  in  re- 
views in  England,  France  and  America,  has 
written  on  modern  Greece  and  made  transla- 
tions from  the  modern  Greek  tongue,  published 
reports  of  The  Hague  conferences  and  prepared 
papers  for  the  Parliamentary  Union,  etc.  Other 
works  are  (Lcs  congregations  religeuses  chez 
les  Arabes»  (1887)  ;  'La  politique  frangaise  en 
Tunisie'  (1891)  ;  and  <Les  Etats-Unis 
d'Amerique*  (1913),  an  account  of  his  impres- 
sions during  his  visits  to  America  in  1902,  1907, 
1911  and  1912. 

ESTOVERS,  in  law,  ( 1 )  wood  which  a  ten- 
ant may  legally  use,  as  for  repairs  or  firewood. 
It  is  a  principle  of  both  English  and  American 
law.  It  includes  to-day,  in  the  absence  of  ex- 
press covenants  to  the  contrary,  any  wood  which 
a  tenant  for  life,  for  years,  from  year  to  year, 
or  at  will  may  use  from  the  estate  to  repair  the 
house,  fences,  implements,  etc..  thereon,  in  addi- 
tion to  that  which  he  uses  for  fuel.  (2)  For- 
merly, alimony  allowed  a  divorced  wife;  also, 
a  widow's  allowance. 

ESTRADA,  Spain,  town  in  the  province  of 
Pontevedra,  15  miles  southeast  of  Santiago  de 
Compostela,  on  the  Ulla.  It  has  extensive 
agricultural  and  stock  raising  interests  and  con- 
tains lumber  yards  and  manufactories  of  linens 
and  woolens.  Mineral  springs  are  in  the  neigh- 
borhood.  Pop.  (commune)  27.898. 

ESTRADA  CABRERA,  Manuel,  Guate- 
malan statesman :  b.  Quezaltenago,  1857.  At 
first  he  devoted  himself  to  the  study  of  law 
and  philosophy  and  practised  his  profession. 
He  was  appointed  district  judge  and  finally  at- 
tained the  supreme  bench.  About  1885  he  be- 
gan to  take  an  active  interest  in  politics  and 
was  elected  to  the  National  Assembly;  he  was 
appointed  Secretary  of  State  in  1892  and  six 
years  later,  on  the  assassination  of  President 
Barrios,  became  acting  President.  Within  a 
few  months  he  was  elected  to  a  full  presidential 
term  and  secured  re-election  for  a  second  term 
in  1905.  His  administration  was  very  progres- 
sive ;  he  did  much  to  place  the  finances  on  a 
sound  basis,  promoted  agricultural  and  indus- 
trial enterprises,  aided  education  and  promoted 
in  general  the  well-being  of  his  country.  Sev- 
eral attempts  were  made  on  his  life  by  the  bitter 
enemies  he  had  made.  For  the  third  time  he 
was  elected  to  the  presidential  chair  in  1911. 

ESTRADES,  Godefroi,  Comte  d\  French 

soldier:  b.  Agcn,  1607;  d.  1686.  He  served  as 
a  page  at  the  court  of  Louis  XIII  and  in  1646 
was  sent  to  Holland  on  a  special  mission.  He 
was  commissioned  a  colonel  of  infantry  and  in 
1647  was  made  field  marshal.  He  was  sent  as 
Ambassador  Extraordinary  to  England  in  1661 
to  negotiate  the  cession  of  Dunkirk  to  France: 
he  also  served  as  ambassador  to  Holland  and 
distinguished  himself  at  Wesel  and  Liege.  In 
1678  he  represented  France  at  the  Peace  of 
Nymwegen.  His  cLettres,  Memoires  et  nego- 
tiations* (9  vols.,  Paris  1758,  and  a  tenth  vol- 
ume, London  1763)  were  published  after  death. 
Consult  Lauzun,  Philippe,  (Le  Mareschal 
d*Estrades>  (Agcn  1896). 

ESTRAY,  in  law,  any  animal  not  ferae 
nature?  and  »he  subject  of  property  which  is 
found  at  large  without  ostensible  owner  in  any 
place  other  than  the  land  of  the  owner.  If 
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found  on  private  land  such  animal  in  most  ju- 
risdictions may  be  impounded  at  the  cost  of  the 
owner.  In  England  an  estray  becomes  subject 
to  the  lord  of  the  manor  who  acquires  a  nght 
therein  which  becomes  absolute  in  case  the  ani- 
mal is  not  reclaimed  by  the  owner  after  due 
proclamation  by  the  lord  of  the  manor.  In 
some  States  the  finder  of  an  estray  may  after 
due  advertisement  sell  same  at  public  or  private 
sale  and  the  purchaser  will  acquire  a  good  title 
therein.  The  proceeds  of  the  sale  after  the 
finder's  expenses  have  been  deducted  are  as  a 
general  rule  paid  into  the  town  treasury.  Con- 
sult Burn,  'Justice  of  the  Peace  and  Parish 
Officer'  (30th  ed.,  London  1869). 

ESTREAT,  in  law,  a  copy  or  extract  of  an 
original  record,  particularly  of  fines:  common 
in  the  phrase  estreat  of  a  recognisance,  or  the 
removing  of  such  recognizance  from  among  the 
other  court  records  and  sending  it  to  the  ex- 
chequer to  be  enforced.  In  England,  if  a 
•  recognizance  is  forfeited  by  violation  of  a  con- 
dition, it  is  estrated,  whereupon  the  parties  be- 
come indebted  to  the  Crown  to  the  amount 
named  in  the  recognizance. 

ESTREES,  Gabrielle  d',  French  court 
favorite  and  mistress  of  Henry  IV:  b.  about 
1573;  d.  1599.  She  was  the  daughter  of  the 
Marquis  Antoine  d'Estrees.  Governor  of  L'Isle 
de  France.  In  1590  she  met  Henry  IV  at  her 
fathers  castle  and  he  fell  a  slave  to  her  charms. 
Her  father,  having  learned  of  the  king's  infat- 
uation and  fearing  a  scandal,  forced  Gabrielle 
into  a  marriage  with  M.  d'Amerval  de  Lian- 
court  but  the  king  annulled  the  marriage  and 
called  her  to  court.  Henry  made  her  Mar- 
chioness de  Monceaux  and  Duchess  of  Beau- 
fort. She  had  several  children  by  Henry  and 
was  the  recipient  of  the  greatest  favors  at  his 
hand.  To  make  her  queen  he  even  had  in 
mind  to  divorce  Margaret  of  Valois  and  was 
only  hindered  from  so  doing  by  the  sudden 
death  of  Gabrielle.  Consult  Desclozeaux, 
'Gabrielle  d'Estrees'  (Paris  1889). 

ESTRELLA  DE  SEVILLA,  a  comedy  of 
Lope  de  Vega,  which  by  many  critics  is  con- 
sidered his  best  work. 

ESTREMADURA,  e'sh-tra-ma-doo'ra.  Por- 
tugal, maritime  province  divided  by  the  Tagus 
into  two  nearly  equal  parts,  of  which  the  north 
is  the  more  mountainous.  Wines  and  olives  are 
the  principal  products.  The  chief  city  is  Lis- 
bon.  Area,  6,876  square  miles.   Pop.  1,438,726. 

ESTREMADURA,  a-stra-ma-doo'ra,  a  di- 
vision of  southwestern  Spain,  consisting  of  two 
provinces.  Badajoz  and  Caceres.  The  northern 
part  has  large  forests,  and  in  the  central  and 
southern  parts  are  some  good  agricultural  lands. 
Deposits  of  coal,  copper  and  silver  are  found 
in  the  mountains ;  but  the  mines  arc  not  well 
developed.  Area,  16,162  square  miles.  Pop. 
990.990. 

ESTREMOZ,  Portugal,  town  in  Alemtejo 
province,  30  miles  northeast  of  Avora.  It  is 
1,500  feet  above  sea-level  and  contains  the  ruins 
of  two  ancient  forts.  The  porous  clay  of  the 
district  is  much  used  in  the  manufacture  of  the 
earthenware  which  has  made  Estremoz  famous 
throughout  the  peninsula.  Wool  is  exported  in 
large  quantities  from  here  and  marble  of  varied 
color  is  quarried  nearby.    Pop.  7.8S7. 


•ESTUARY 

ESTREPEMENT,  the  waste  of  lands  com- 
mitted by  a  tenant,  in  which  sense  the  word 
has  been  supplanted  by  the  term  "waste*  It 
survives,  however,  as  the  name  of  an  ancient 
writ  of  common  law  to  restrain  the  commission 
of  waste.  In  most  modern  jurisdictions  the  writ 
has  become  obsolete  through  the  development 
of  the  functions  of  the  courts  of  equity,  but  it 
still  exists  in  Pennsylvania,  where  there  are  no 
courts  of  equity,  as  a  remedy  for  the  prevention 
of  waste. 

ESTRUP,  Jacob  Bronnum,  Danish  states- 
man :  b.  Soro,  1825 ;  d.  1913.  He  was  elected  to 
the  Landsthing  in  1864  and  in  due  time  became 
leader  of  the  Agrarians,  and  also  was  active  in 
the  preparation  of  the  new  constitution  of  1866. 
He  served  as  Minister  of  the  Interior  in 
1865-69  and  did  much  to  improve  the  railway 
service  of  the  country.  He  was  chosen  presi- 
dent of  the  council  in  1875  and  at  the  same  time 
accepted  the  portfolio  of  Minister  of  Finance. 
After  1877  he  acted  very  arbitrarily  in  issuing 
provisional  acts  and  for  several  years,  from 
1885  to  1894,  financed  the  government  through 
provisional  budgets.  All  this  involved  him  in 
difficulties  with  the  Folkething  and  his  resig- 
nation in  1894  may  be  said  to  mark  the  passing 
ot  power  from  the  upper  house  to  the  lower. 
He  soon  lost  his  influence  and  his  opposition  to 
the  sale  of  the  Danish  West  Indies  in  1902  and 
later  to  electoral  and  tax  reforms  were  little 
heeded. 

estsAnatlehi, 

the  ever-self-renewing 
goddess  of  the  Navajos,  wife  of  the  sun  and 
mother  of  the  two  war  gods.   See  Namouna. 

ESTUARINE  DEPOSITS,  sediments  laid 
down  in  estuaries  along  a  coast.  They  are 
frequently  formed  on  great  mud  flats  or  tidal 
flats  that  are  above  the  ocean  water  part  of  the 
time  and  part  of  the  time  submerged.  As  a 
result  they  often  partake  both  of  the  nature 
of  marine  sediments  (q.v.)  and  of  terrestrial 
sediments  (q.v.). 

ESTUARY.  Where  a  shore-line  is  sinking 
or  has  been  recently  depressed,  the  rivers,  un- 
less large  and  heavily  charged  with  sediments, 
have  their  valleys  drained  by  the  encroaching 
sea,  forming  roughly  funnel-shaped  bays.  Such 
bays  arc  called  estuaries  and  are  common  along 
the  sinking  Atlantic  Coast  of  North  America. 
Illustrations  are  seen  in  Passamaquoddy  and 
Narragansctt  bays,  the  mouth  of  the  Hudson 
River,  Delaware  and  Chesapeake  bays.  Owing 
to  their  shape,  estuaries  frequently  have  strong 
tidal  currents,  due  to  the  height  of  the  tides,  and 
the  risinjr  tide  rushes  in  as  waves,  the  most 
remarkable  examples  of  such  surf-like  tidal 
waves,  or  bores,  being  found  in  the  Bay  of 
Fundy.  The  rivers  entering  estuaries  drop 
much  of  their  fine  sediment  there  because  of  the 
checking  of  their  currents  and  the  precipitating 
effect  of  salt  water.  The  strong  tidal  currents 
sweep  awav  and  rearrange  these  sediments. 
Hence  conditions  on  the  bottoms  of  estuaries 
are  often  unfavorable  for  the  growth  of  organ- 
isms, and  the  estuary  deposits  of  past  ages  are 
seldom  rich  in  fossils,  but  may  contain  remains 
of  land  organisms  brought  down  by  the  old 
river;  and  the  tidal  mud-flats  have  preserved  the 
prints  of  raindrops,  the  traces  of  worms  and 
the  tracks  of  birds  and  reptiles.    See  Rtveks 
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ESZEK,  es'sck,  or  ESSEG,  Austria-Hun- 
gary, royal  free  city  in  Croatia  and  Slavonia, 
capital  of  the  county  of  Virovitica,  on  the 
Dravc,  about  63  miles  west-northwest  of  Petcr- 
wardcin.  It  consists  of  the  town  proper,  par- 
tially fortified,  and  three  suburbs,  and  is  the 
seat  of  an  appeal  court  for  three  centuries.  Its 
public  build. rigs  of  note  are  the  Capuchin  and 
Franciscan  monasteries,  the  town  hall,  county 
court  building,  and  commandant's  residence,  a 
gymnasium,  and  training  school  for  teachers. 
It  has  manufactures  of  flour,  silk  goods,  leather, 
glass,  etc.  There  is  a  considerable  trade  in 
grain  and  meat  and  other  products  of  the  dis- 
trict. The  four  annual  fairs,  chiefly  for  corn, 
cattle  and  hides,  are  important.  As  a  Roman 
colony,  founded  by  the  Emperor  Adrian,  under 
the  name  of  Mursia,  it  became  the  capital  of 
Lower  Pannonia,  and  in  335  was  made  a  bishop's 
see  by  Constantine.  In  1848  the  Hungarians 
tinder  Batthyanyi,  held  out  for  some  time  in 
this  city  before  submitting  to  the  Austrians. 
Pop.  31.388,  mostly  Germans. 

ESZTERGOM,  Hungary,  royal  free  town 
and  capital  of  the  county  of  Esztergom,  25  miles 
northwest  of  Budapest,  on  the  Danube.  Agri- 
culture is  the  principal  industry  of  the  inhabit- 
ants and  there  is  a  large  trade  in  wine.  It  has 
manufactures  of  brick  and  ironware  and  hot 
medicinal  springs  have  made  it  a  health  resort. 
The  town  is  the  seat  of  the  Prince  Primate  of 
Hungary;  its  handsome  cathedral  has  a  dome 
like  Saint  Peter's,  Rome,  and  is  an  imposing 
structure  in  the  Italian  Renaissance  style. 
Another  noteworthy  church  is  Saint  Anne's  and 
the  primate's  palaces,  the  ecclesiastical  seminary, 
the  museum,  gymnasium  and  town  hall  arc  well 
deserving  of  notice.  In  the  cathedral  is  a 
library  of  113,000  volumes  and  many  manu- 
scripts, some  of  which  are  invaluable.  The 
town  is  one  of  the  oldest  in  Hungary;  here 
was  borne  Saint  Stephen,  the  first  king  of 
Hungary,  who  established  a  bishop's  see  here 
soon  after  his  conversion  in  the  year  1000.  It 
was  long  of  importance  as  a  commercial  centre, 
but  its  destruction  by  the  Tatars  in  1241  caused 
its  decline  and  it  never  regained  its  former 
splendor.  From  1543  to  1683  it  was  in  pos- 
session of  the  Turks.   Pop.  17,881. 

ESZTERHAZY,  as-tar-a-ze.  or  es'ter-ha-zt, 
Marie  Charles  Ferdinand  Walsin,  forger:  b. 
Austria,  16  Dec.  1847.  He  served  in  a  regiment 
of  Papal  Zouaves  during  the  latter  part  of  the 
French  Empire;  was  promoted  commander,  a 
rank  equivalent  to  major  in  other  armies,  in 
1892.  In  the  early  part  of  1897  he  was  retired 
from  the  army.  He  became  notorious  through 
his  connection  with  the  trial  of  Capt.  Alfred 
Dreyfus  (q.v.),  whom  he  accused  as  being  the 
writer  of  the  famous  "bordereau,"  alleged  to 
have  been  sent  to  certain  German  military  officers 
revealing  French  military  secrets.  In  December 
1894  Dreyfus  was  tried  by  court-martial  and 
convicted  as  the  author  of  the  document,  and  on 
5  Jan.  1895  was  publicly  degraded  and  a  little 
later  sent  as  a  prisoner  to  Devil's  Island.  In 
1896  Colonel  Picquart,  the  head  of  the  intel- 
ligence bureau  of  the  war  office,  made  certain 
discoveries  which  pointed  to  Major  Eszterhazy 
as  the  author  of  the  "bordereau,"  These  dis- 
coveries led  to  further  investigation  and  Drey- 
fus was  brought  from  his  prison  and  given  a 
new  trial  in  1899,  but  was  again  convicted,  al- 
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though  much  of  the  evidence  gathered  pointed 
to  Eszterhazy  as  the  forger  of  Dreyfus's  hand- 
writing and  as  the  real  traitor.  So  strong  did 
this  opinion  become  that  Eszterhazy  was  com- 
pelled to  leave  France. 

ESZTERHAZY     VON  GALANTHA, 

es'ter-ha-zi  fon  ga-lan'ta,  a  family  of  Hungarian 
magnates,  afterward  princes  of  the  German 
Empire,  whose  authentic  genealogy  goes  back 
to  the  first  half  of  the  13th  century.  They 
were  zealous  partisans  of  the  House  of  Haps- 
burg,  to  whom,  during  the  reigns  of  Frederick 
II  and  Leopold  I,  they  lent  a  powerful  support. 
In  1238  Peter  and  Elias,  sons  of  Salomon  von 
Estoras,  divided  their  father's  inheritance.  The 
former  obtained  Zerhaz,  the  latter  Illyeshaza, 
and  thus  became  the  founders  of  two  principal 
lines,  the  latter  of  which  became  extinct  in  the 
male  line  in  1838,  with  Count  Stephen  Illyeshazy. 
Peter's  descendants  took  from  their  domain  the 
name  of  Zerhazy,  till  Francis  Zerhazv  (b.  1563; 
d.  1595),  vice-regent  of  the  county  of  Presburg, 
changed  his  name  into  Eszterhazy  in  1584,  on 
the  occasion  of  his  being  named  Lord  of  Ga- 
lantha.  Among  noted  modern  inheritors  of  the 
name  are  Paul  IV,  Prince  Eszterhazy,  a  gen- 
eral and  literary  savant  (1635-1713).  His  grand- 
son, Nicholas  Joseph,  a  great  patron  of  arts 
and  music,  founder  of  the  school  in  which 
Haydn  and  Pleyel,  among  others,  were  formed 
(1714-90)  ;  Nicholas,  Prince  Eszterhazy,  dis- 
tinguished as  a  field  marshal  and  foreign  am- 
bassador (1765-1833)  ;  Prince  Paul  Anthony, 
a  distinguished  and  able  diplomatist  (1786- 
1866),  successively  Austrian  ambassador  at 
Dresden,  Rome,  and  Britain,  and  a  supporter 
of  the  National  Hungarian  movement. 

ETA,  or  AETA.   See  Negritos. 

ETAMPES,  Anne  de  Pisseleu,  an  de  pes- 
se-le  a-tanp,  Duchesse  d',  French  royal  favor- 
ite: b.  about  1508;  &  1585.  She  became  the 
mistress  of  Francis  I  to  whose  mother  she  had 
been  maid  of  honor,  but  to  save  appearances 
he  gave  her  for  a  nominal  husband  Jean  de 
Brosse,  afterward  Duke  d'Etampes.  The  new 
duchess  wielded  a  paramount  influence  in  the 
affairs  of  the  nation.  Upon  the  fine  arts  and 
in  some  other  directions  she  exerted  a  good 
influence,  but  the  jealousy  between  her  and 
Diana  of  Poitiers,  the  mistress  of  the  Dauphin 
Henry,  became  a  source  of  calamity  for  France. 
It  was  chiefly  under  the  influence  of  this  feel- 
ing that  she  betrayed  to  "Charles  V  the  move- 
ments of  the  French  army,  and  the  disadvan- 
tageous treaty  of  Crc>y  in  1544  was  due  to  the 
intrigues  of  Anne  and  of  Diana.  On  the  acces- 
sion of  the  Dauphin  Henry  to  the  throne  in 
1547  the  Duchesse  d'F.tampcs  was  banished 
from  court.  She  retired  to  her  extensive  estates 
where  she  became  interested  in  the  Protestant 
cause  and  greatly  aided  the  Huguenots.  She 
is  said  to  have  been  very  beautiful,  highly  edu- 
cated, and  to  have  been  posscsssed  of  more 
than  ordinary  intelligence. 

ETAMPES  (ancient  Stamps) ,  France,  a 
town  in  the  department  of  the  Scinc-ct-Oise, 
at  the  confluence  of  the  Etampes  and  Juine,  32 
miles  southwest  of  Paris.  It  has  four  Gothic 
churches,  one  of  them  a  remarkable  structure  of 
the  13th  century;  tanneries  and  blcacherics,  and 
a  considerable  trade  in  corn,  flour  and  prepared 
wool  and  garden  produce.    Pop.  9,454. 
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ETANG,  a-tari.  a  French  geographical  term 
applied  to  the  remarkable  salt  lagoons  and 
marshes  on  the  south  and  west  coasts  of  France. 
The  stagnant  scawater  is  generally  utilized,  as 
in  Brittany  and  in  the  department  of  Bouchcs- 
dc-Rhone,  for  the  manufacture  of  salt.  The 
principal  lagoons  of  this  character  in  France  are 
the  Etangs  de  Berre,  dc  Sigcan,  de  la  Palme, 
and  de  Leucate  on  the  south,  and  dc  Heurtin, 
de  Cazan  and  de  Parcntcs  on  the  west  coast. 

ETAWAH,  e  ta'wa,  India,  town  in  the 
northwest  provinces,  70  miles  southeast  of  Agra, 
capital  of  the  district  of  Etawah,  situated  on  the 
left  bank  of  the  Jumna  River.  It  was  once  the 
residence  of  many  of  the  Mogul  grandees,  and 
it  is  now  an  important  trade  centre.  Pop. 
45.350. 

ETCHEMIN.  Sec  Malecite. 

ETCHING:  ITS  TECHNIQUE  AND 
GREAT  MASTERS.  An  etching  is  the  proof 
or  picture  an  artist  obtains  by  printing  from  a 
prepared  plate  of  copper  or  zinc  on  which  the 
lines  and  forms  of  a  subject  had  been  scratched 
by  him  and  then  biticn-in  by  the  action  of  an 
acid.  It  \s  evident  that  to  produce  satisfactory 
work,  the  etcher  must  be  a  good  draughtsman, 
must  have  an  active  imagination,  and  a  keen 
knowledge  of  the  technique  of  etching  and  print- 
ing. He  must,  moreover,  be  acquainted  with 
the  works  of  the  masters  of  the  art.  In  this 
article,  therefore,  the  various  processes  used 
in  producing  an  etching  will  first  be  described, 
and  then  the  works  of  the  master-etchers  will 
be  reviewed. 

I.  Techniqtf.  of  Etching. 

Materials   Employed    in    Etching.—  The 

following  articles  which  can  be  procured  at 
any  artists'  supplies  store  arc  now  generally 
used  in  the  practice  of  the  art : 
Copper  plate*  Etching-gmund 


Etching'!* 
Burnisher 
Scraper 
Dabber 
Roller 
Hand-vise 
Porcelain  trays 
Acid  hydromct« 
Plate- warmer 


Nith'c  add 
Turpentine 
Wax  tapers 
Charcoal 
Crocus  powder 
TracinK  paper 
Emery 
Whr 


The  Processes  of  Etching.— The  several 
steps  taken  in  the  production  of  an  etching  em- 
brace :  grounding  and  smoking  the  plate ;  mark- 
ing the  outline;  biting-in  by  means  of  an  acid; 
and  printing. 

Method  of  Grounding  and  Smoking  the 
Plate  —  After  thoroughly  cleaning  the  plate  — 
first  with  turpentine  and  a  soft  clean  rag,  and 
then  with  a  little  whitening  —  a  handvise  is 
firmly  screwed  on  to  the  middle  of  one  of  its 
long  edRcs.  To  prrvent  the  jaws  of  the  vise 
from  scratching  the  surface  of  the  plate,  a  piece 
of  thin  cardboard  is  inserted  between  them  and 
the  plate. 

The  plate  is  then  uniformly  heated  through- 
out over  the  flame  of  a  small  gas  jet  or  spirit- 
lamp  and  is  covered  with  what  i*  known  as 
etching-ground  —  a  gummy  preparation  in  the 
form  of  a  ball,  wrapped  in  a  piece  of  silk,  and 
composed  of  mastic  gum  30  parts;  white  wax 
30  parts;  and  asphalttim  15  parts. 

As  it  is  desirable  that  the  ground  be  spread 
over  the  plate  in  an  even  and  thin  film,  it  is 
dabbed  all  over  with  the  dabber.  This  tool  con- 
sists of  a  circular  pad  of  horse-hair  with  card- 


board backing,  enveloped  in  two  wrappers,  an 
inner  one  of  cotton-wool,  and  an  outer  one  of 
silk  fabric,  the  latter  stretched  tight, 
and  tied  in  the  back  to  form  a  handle. 

The  next  step  is  to  smoke  the  ground.  The 
plate  is  again  evenly  heated  and  then  held  over 
a  flame  of  three  or  four  wax  tapers  twisted 
together.  Care  must  be  taken  to  have  only  the 
tip  of  the  flame  touch  the  ground,  while  the 
plate  is  kept  constantly  in  motion,  until  the 
whole  ground  is  blackened.  The  etcher  must 
also  see  to  it  that  the  flame  is  not  playing  too 
long  on  the  same  spot  of  the  ground  or  it  will 
be  burnt.  When  an  area  of  the  ground,  no 
matter  how  small,  does  get  scorched,  the  whole 
ground  becomes  useless.  After  the  process  of 
smoking  is  completed,  the  back  of  the  plate  is 
covered  with  some  stopping-out  varnish,  to  pro- 
tect it  against  the  action  of  the  acid  during  the 
subsequent  process  of  etching.  When  the  plate 
has  been  prepared  in  the  manner  described,  it 
is  ready  to  receive  the  outline. 

Method  of  Marking  the  Outline  on  the 
Ground. — A  careful  drawing  of  the  subject,  the 
size  of  the  plate,  is  first  made  on  ordinary 
paper,  from  which  a  tracing  is  made  on  tracing 
paper.  After  nibbing  some  lead  on  the  back 
of  this  tracing,  it  is  fastened,  face  upward,  to 
the  smoked  ground  of  the  plate;  and  with  a 
hard  pencil  the  outline  is  gone  over,  pressing 
lightly.  Upon  removing  the  paper  from  the 
plate,  the  lines  will  be  found  transferred  to  its 
surface.  On  this  pencil  impression  as  a  guide, 
the  etcher  next  freely  redraws  the  subject  with 
an  etching  needle,  putting  into  it  all  the  art  at 
his  command  as  regards  beauty  of  line,  form 
and  composition  generally. 

The  needles  used  to  etch  with  are  generally 
made  for  the  purpose,  and  may  be  held  in  a 
handle  specially  contrived.  A  needle  with  a  fine 
oval-shaped  point  is  used  for  putting  in  the 
delicate  lines,  such  as  are  required  in  the  treat- 
ment of  skies  or  distances;  and  one  with  a  blunt 
point  for  the  deeper  lines.  The  point  is  used 
with  sufficient  pressure  to  remove  the  ground, 
expose  and  faintly  scratch  the  bare  copper  along 
its  track.  This  faint  outline,  made  hy  the 
needle,  is  then  bitten-in  to  the  required  depth 
by  immersing  the  plate  in  a  porcelain  tray  con- 
taining an  acid  solution,  called  a  mordant. 

The  Mordants  Used  in  Etching. —  The  two 
mordants  now  generally  used  are  the  nitric 
the  hydrochloric  acid  baths.  The  nitric 
dant  is  composed  of  nitric  acid  equally  diluted 
with  water.  The  hydrochloric  bath,  known  as 
the  Dutch  mordant,  is  composed  of  chlorate  of 
potash,  2  parts;  hydrpchlojacacid,  10  parts ;  and 
pure  water,  88  parti.  ^The  nitric  mordant  is 
more  liable  to  vary  in  its  action  than  the  hydro- 
chloric ;  but  it  has  the  great  advantage  of  being 
decidedly  more  rapid,  thus  affording  the  artist 
the  opportunity  of  watching  the  process  of  bit- 
ing and  checking  it  when  necessary.  For  this 
it  is  preferred  by  many  etchers. 
The  action  of  either  mordant  may  be  re- 
tarded or  accelerated  by  the  varying  conditions 
of  the  weather;  it  is  advisable,  therefore,  to  keep 
it  at  a  uniform  temperature  (about  60°  Fahren- 
heit) throughout  the  biting.  This  is  best  regu- 
lated by  performing  the  etching  on  a  plate- 
warmer  —  an  iron  box  with  gas-jets  beneath. 

Method  of  Biting-in  the  Sketch  —  There  are 
two  methods  now  used  in  etching  the  plate.  One 
way  is  by  the  process  of  stopping-out.  The 
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plate  is  immersed  in  the  acid  bath  for  about  five 
minutes,  it  in  the  nitric  mordant  and  three 
times  as  long  in  the  hydrochloric.  This  will 
suffice  for  the  lightest  tints  to  be  bittcn-in. 
Alter  withdrawing  the  plate  from  the  bath,  it  is 
washed,  and  dried  between  blotters,  and  the 
light  lines  are  painted  over  with  stopping-out 
varnish  —  a  combination  of  resin  dissolved  in 
turpentine  to  which  a  little  lamp-black  had  been 
added. 

When  dry,  the  plate  is  returned  to  the  bath 
and  kept  there  for  about  10  minutes.  As  after 
the  first  biting,  the  plate  is  again  taken  out, 
washed,  dried  and  the  next  deeper  tones 
stopped-out.  The  process  is  repeated  four  or 
five  times  until  the  darkest  tints  have  been  pro- 
duced. About  30  minutes  in  the  nitric  mordant 
is  sufficient  to  bitc-in  the  deepest  lines. 

A  more  satisfactory  way  of  etching  the  plate 
consists  in  taking  several  different  proofs  dur- 
ing the  process  of  biting.  This  method  is  as 
follows:  The  etcher  makes  his  drawing  on  the 
grounded  plate  with  the  needle,  putting  in  only 
the  lines  representing  the  middle  and  dark  tones, 
and  leaving  the  light  lines  for  subsequent  treat- 
ment. The  plate  is  immersed  in  the  mordant 
for  about  15  minutes  —  just  long  enough  to  bite- 
in  the  middle  tint.  After  removing  the  ground 
with  turpentine  and  thoroughly  cleaning  it,  a 
proof  is  taken  and  the  parts  intended  to  be 
darker  are  rebitten  in  the  same  lines.  This  of 
course  necessitates  the  regrounding  of  the  plate 
without  filling  up  the  lines  already  bitten-in. 
To  accomplish  this,  a  very  thin  film  of  ground 
is  spread  upon  another  heated  plate,  and  the 
roller,  thinly  charged  with  it,  is  lightly  passed 
over  the  etched  plate,  also  warmed  for  the  pur- 
pose. W  hen  the  plate  has  been  rebitten,  another 
proof  is  taken,  and  if  the  middle  tint  then  proves 
to  be  satis  factory,  successive  bitings  are  made, 
and  proofs  taken  to  obtain  the  dark  tones.  The 
middle  and  dark  tones  settled,  the  etcher  next 
completely  covers  the  plate  with  transparent 
etching-ground  or  stopping-out  varnish  so  as  to 
fill  up  the  lines  and  protect  the  spaces  between 
them,  and  draws  in  the  delicate  lines  intended  to 
represent  the  pale  tints.  These  are  bitten-in  and 
the  final  proofs  taken. 

Correcting  Processes. —  Light  lines  that  have 
been  over-bitten  may  be  reduced  by  rubbing 
with  a  piece  of  charcoal  moistened  with  olive 
oil.  Deep  erasures  are  made  with  the  scraper 
—  a  kind  of  a  knife,  triangular  in  section,  and 
coming  to  a  point.  The  polished  surface  in  an 
erased  area  is  regained  bv  the  use  of  the  bur- 
nisher—  a  polished  tool,  made  of  steel  and 
tapering  to  a  point.  The  burnisher  is  also  used 
to  slightly  reduce  an  over-bitten  passage  by 
rubbing  it  on  the  plate,  pressing,  thereby,  the 
copper  more  together  into  the  lines. 

Auxiliary  Processes. —  Etched  plates  are 
frequently  finished  and  enriched  with  what  are 
known  as  dry-point  and  soft  ground  etching. 
Dry-point  is  the  name  given  to  a  form  of  en- 
graving in  which  the  lines  are  ait  directly  into 
the  dry  plate  by  means  of  the  needle,  and  with- 
out the  use  of  a  mordant.  It  is  remarkable  for 
yielding  rich  and  vclvctv  proofs,  which  is  due 
to  the  burr  or  rough  edge  of  the  copper,  pro- 
produced  by  the  point  as  it  cuts  the  plate.  Dry- 
point  is  employed  to  deepen  foreground  tones, 
and  with  the  burr  removed  by  means  of  the 
scraper)  it  is  also  useful  for  putting  in  the 
delicate  markings  in  a  composition.    Prints  arc 
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often  made  of  plates  produced  entirely  by  dry- 
point.  In  soft  ground  etching,  the  plate  is 
covered  with  etching-ground  mixed  with  tal- 
low, to  prevent  it  from  hardening,  and  a  piece 
of  slightly  rough  paper  is  laid  over  it  on  which 
the  artist  makes  his  drawing  with  a  lead  pencil. 
When  the  paper  is  removed  it  brings  off  with 
it  etching-ground,  exposing  the  copper  in  such 
a  manner  that  when  bittcn-in  and  printed,  the 
plate  will  yield  a  proof  having  much  of  the 
quality  of  a  pencil  drawing. 

Method  of  Printing. —  The  apparatus  and 
articles  necessary  for  printing  include : 
A  printing  prrss  Printer's  c« 

A  plate- warmer  Soft  old  mi 

Printing  ink  Whitening 
A  printer's  dabbcr  Paper 
A  palette  knife  Printers 


■  b  blankets 

Proofs  are  made  from  the  etched  plate  in 
the  following  manner:  After  thoroughly  clean- 
ing it,  first  with  turpentine  and  then  with  a 
little  olive  oil,  the  printer,  by  means  of  the 
dabbcr,  covers  the  whole  plate  with  thick  oily 
ink,  usually  of  a  brownish  tint,  taking  care  to 
fill  up  the  lines.  With  coarse  canvas  he  then 
wipes  out  the  superfluous  ink  from  the  surface. 
In  that  portion  of  the  sketch  where  a  sombre 
and  mysterious  effect  is  desired,  he  allows  a 
thin  film  of  the  ink  to  remain  on  the  surface 
of  the  plate;  in  another  part  which  should  be 
light,  sharp  and  vivid,  he  wipes  the  surface  of 
the  plate  dry  and  clean  until  it  shines.  In  an 
area  where  the  lines  should  be  soft  and  velvety, 
he  draws  the  ink  out  of  the  lines  and  over  their 
edges  by  means  of  a  piece  of  soft  old  muslin. 
When  the  plate  has  been  inked  and  wiped  it  is 
laid  face  upwards  on  the  platform  of  the  press 
upon  which  had  been  first  spread  several  print- 
ing blankets  of  soft  woolen  cloth.  A  dampened 
piece  of  Japan  paper  or  vellum  is  then  laid  over 
the  plate  and  covered  with  more  blankets.  The 
press  is  slowly  set  in  motion,  and  the  plate,  cov- 
ered by  the  paper  and  blankets,  passes  under  the 
heavy  revolving  roller.  The  pressure  causes 
the  inked  lines  and  tones  in  the  plate  to  be 
transferred  to  the  paper. 

II.  The  Great  Masters  of  Etching. 

Of  all  the  graphic  and  plastic  arts,  the  art 
of  etching  has  always  had  a  profound  fascina- 
tion for  the  true  artist,  painter  or  sculptor. 
When  weary  of  the  more  exacting  arts  of  paint- 
ing or  sculpture,  he  frequently  finds  diversion  in 
the  joys  of  handling  the  copper  plate  and  etch- 
ing needle.  Since  the  early  part  of  the  16th 
century  when  etching  was  originated,  it  has 
steadily  risen  into  high  artistic  favor,  so  that 
now  some  of  the  very  greatest  names  in  the 
art  history  of  England,  France,  Germany,  Hol- 
land, Spam  and  the  United  States  appear  in  the 
list  of  those  who  have  enriched  the  world  with 
improvisations  in  this  medium. 

Etching  in  England. —  England  has  pro- 
duced many  great  painter-etchers.  The  most 
significant  are  Turner,  Haden  and  Brangwyn. 
In  the  etchings  of  J.  M.  W.  Turner  (1775- 
1851)  which  were  published  in  his  'Liber 
Studiorum,'  he  makes  the  same  appeal  to  the 
imagination  as  in  his  famous  paintings,  by  cast- 
ing an  indefinable  glamor  over  the  bits  of  nature 
he  interpreted.  Technically,  he  was  remark- 
able for  having  the  power  of  selecting  the  main 
lines  of  a  subject  which  he  rendered  boldly, 
depending  upon  mezzotinting  for  the  delicate 
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tones.  Sir  Francis  Seymour  Hadcn  ( 1818— 
1913),  who  was  a  London  physician  profes- 
sionally, practised  the  art  of  etching  merely  as  a 
pastime.  Nevertheless,  he  ranks  as  one  of  the 
greatest  of  modern  landscape  etchers.  He  was 
very  skilful  in  depicting  the  poetry  of  still 
waters,  the  movement  of  clouds,  and  the  beauty 
of  trees,  silhouetted  against  the  sky.  On  purely 
technical  grounds  he  is  incomparable,  having  in- 
vented several  processes  which  he  employed  in 
the  production  of  his  works.  His  masterpieces 
for  which  he  was  knighted  by  his  sovereign  arc 
"The  Agamemnon,*  'Whistler's  House*  and 
'Harlech.'  Frank  Brangwyn,  although  still  a 
young  man,  has  already  won  for  himself  first 
rank  among  the  British  contemporary  painters 
and  etchers.  His  prints  of  Italian,  French  and 
English  subjects  are  famous  for  vigor  of 
handling,  rich  blacks,  and  clever  adjustment  of 
tones. 

Etching  in  France. —  France  has  given  the 
world  a  legion  of  etchers,  including  Claude  Lor- 
rain,  Delacroix,  Daubigny,  Jacque,  Millet, 
Jacquemart,  Meryon  ana  Legros.  But  all  of 
these  have  attained  greater  fame  in  painting, 
with  the  exception  of  Meryon  and  Legros,  who 
rank  very  high  as  etchers  pure  and  simple. 
Charles  Meryon  (1821-6S)  etched  for  the 
most  part  the  quaint  old  buildings  and  streets 
of  Old  Paris,  depicting  them  with  such  depth  of 
poetic  feeling  that  they  give  one  the  same  over- 
whelming sensation  that  he  experiences  in  list- 


1-c  Petit  Pont  (Meryon) 

cning  to  Beethoven'*  'Heroic  Symphony'  or  in 
viewing  Michael  Angelo's  «Day.'  His  etchings 
are  indeed  tin/  sublime  expression  of  a  great  and 
inspired  soul.  And  yet.  this  rare  genius  was  so 
little  appreciated  during  his  lifetime  that  his 
finest  proofs  sold  for  only  30  cents  each.  He 
took  this  public  indifference  much  to  heart,  and 


one  day,  in  a  moment  of  despair,  he  destroyed 
some  of  his  most  magnificent  plates.  Finally, 
through  adverse  fortune,  he  became  mentally 
unbalanced  and  died  in  an  insane  asylum.  And 
now  that  the  master  is  at  rest,  some  of  his 
proofs  sell  for  thousands  of  dollars  each. 
Alphonse  Legros  (1837)  has  produced  etchings 


Portrait  of  Dalou  (Legroi) 

which  are  austere  and  gloomy  in  sentiment  and 
simple  in  execution.  His  portrait  of  the  sculp- 
tor Dalou  and  "The  Death  of  the  Vagabond" 
are -considered  his  best  prints. 

Durer  and  Etching  in  Germany.  The 
great  pictorial  genius  of  Germany  is  Albrecht 
Uurer  (1471-1528)  who  excelled  in  painting, 
engraving  and  etching.  He  was  among  the  first 
to  practise  the  art  of  etching  in  which,  as  in 
the  other  arts,  he  shows  himself  a  man  of  in- 
tense seriousness,  of  powerful  but  somewhat 
morbid  imagination,  and  of  a  philosophical 
turn  of  mind.  His  best  work  in  thus  medium  is 
'Saint  Jerome,*  etched  in  1512  and  now  in  the 
British  Museum. 

Etching  in  Holland. —  The  painters  of  Hol- 
land who  also  practiced  the  art  of  etching  are 
Ostade.  Paul  Potter,  Ruysdxl,  Kverdingen  and 
Rembrandt  Van  Ryn  ( 1606-r^9).  the  greatest 
painter  and  etcher  who  has  ever  livedT  It  is 
common  knowledge  that  he  was  a  great  painter, 
but  many  are  the  critics  who  arc  of  the  opinion 
that  he  is  even  greater  as  an  etcher.  This 
"Wizard  of  the  ^orth*  as  Rembrandt  has  been 
called,  was  a  robust  and  versatile  genius,  hav- 
ing such  keen  powers  of  observation  and  great 
technical  skill,  that  with  a  few  lines  he  could 
depict  the  life  history  of  a  human  being  or  the 
spirit  of  a  landscape.    The  subjects  of  his  ctch- 
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ings  range  from  the  humble  and  lowly  to  the 
majestic  and  sublime;  from  *A  Group  of  Beg- 
gars' to  'Christ  Healing  the  Sick';  but  in  all 
we  feel  the  same  master  hand  and  mind 

Etching  in  Spain. —  The  one  artist  in  the 
history  of  Spanish  art  who  has  especially  dis- 
tinguished himself  as  an  etcher  is  Francisco 
dc  Goya  (1746-1828).  He  was  a  man  of  great 
physical  energy  and  courage,  and  an  open  revo- 
lutionary in  religion  and  politics;  but  possessed 
of  a  morbid  imagination.  All  these  personal 
characteristics  found  expression  in  his  etchings 
which  he  produced  in  several  scries.  The  most 
noted  are  'The  Caprices'  (80  plates),  which 
have  an  important  philosophical  bearing;  and 
'Disasters  of  War'  (80  plates),  with  which  he 
tried  to  make  men  disgusted  with  war. 

Etching  in  the  United  States.—  The  art  of 
etching  in  the  United  States  was  first  practised 
by  William  Dunlap  about  1830.  Since  then  very 
many  painter-etchers  have  appeared,  including 
Peter  Moran,  Farrcr,  Falconer,  Gifford,  Smilie, 
Parish,  Church,  Bacher,  Whistler  and  Pennell. 
Of  these,  Whistler  and  Pennell  have  won  inter- 
national fame.  James  A.  McNeill  Whistler 
(1834-1903)  as  an  etcher  is  ranked  with  Rem- 
brandt and  Meryon.  His  subjects  include 
figure  compositions,  Holland,  Venetian  and 
Paris  street  scenes  and  London  wharves,  which 
he  etched  with  consummate  skill  and  refinement. 
Of  his  street  scenes,  his  most  famous  arc  'A 
Street  at  Savcrn'  and  'The  Unsafe  Tenement.' 
His  'La  Vicille  aux  Loqucs'  is  considered  his 
best  figure  print.  Joseph  Pennell  (I860 — )  has 
etched  a  scries  of  plates  of  Spanish,  Italian, 
London,  Philadelphia  and  New  York  subjects, 
which  are  remarkable  for  spontaneity  and  spir- 
ited execution.  His  proofs  of  the  New  York 
'sky-scrapers'  are  particularly  famous.  Sec 
Engraving. 

A.  G.  Schulman, 
Department  of  Art,  College  City  of  New  York. 

ETCHMIADSIN,  a  celebrated  Armenian 
monastery  in  the  Transcaucasian  province  of 
Erivan,  10  miles  west  of  Erivan.  It  consists  of 
three  groups  of  buildings,  surrounded  by  a 
high  brick  wall  and  from  a  distance  has  the 
appearance  of  a  fortress.  It  contains  a  the- 
ological seminary,  a  library,  with  Armenian 
manuscripts,  and  several  churches,  of  which  the 
Shoghakath  is  said  to  have  been  founded  by 
Saint  Gregory.  It  has  a  Byzantine  cupola  and 
its  walls  are  decorated  in  Persian  style.  The 
monastery  is  the  scat  of  the  Armenian  primate 
and  since  the  Russian  occupation  also  of  the 
Armenian  Holy  Synod.  The  monastery  was 
founded  in  the  6th  century  and  was  ceded  to 
Russia  after  the  Russo-Persian  War  of  1827. 

ETEOCLES.  *-te'6-klez.  and  POLY- 
NICES,  pol-I-nl'sez,  two  heroes  of  ancient 
Greek  legend,  sons  of  CEdiptis,  king  of  Thebes. 
After  their  father's  banishment  from  Thebes, 
Eteocles  usurped  the  throne  to  the  exclusion  of 
his  brother,  whom  he  drove  from  Thebes,  an 
act  which  led  to  what  was  known  as  "The  Ex- 
pedition of  the  Seven  Against  Thebes."  Poly- 
niccs  being  one  of  the  seven  leaders.  Polynices 
went  to  the  court  of  Adrastus.  king  of  Argos 
There  he  married  the  daughter  of  the  latter 
and  induced  his  father-in-law  to  help  him 
against  Thebes.  The  two  brothers  fell  by  each 
other's  hand.  The  interment  of  Polynices  was 
forbidden  under  penalty  of  death,  but  Antigone 


(q.v.),  his  sister,  braved  the  doom  decreed. 
Racine  has  dramatized  this  story  with  some 
poetical  variations  in  his  'Freres  Ennemis.*  but 
the  story  was  famous  long  before  he  took  it  up, 
having  already  played  a  part  in  Greek  epic  sec- 
ond only  to  that  of  the  Siege  of  Troy.  vEschy- 
lus  used  it  in  his  'The  Seven  Against  Thebes,' 
and  Euripides  in  his  'Phoenissoe'  while  it  enters 
into  the  story  plot  of  other  Greek  writings. 
Consult  Bethc,  'Thebanischc  Heldenlicdcr' 
(Leipzig  1891).    See  Adrastus. 

ETERNAL  CITY,  The,  Rome,  the  capital 
of  Italy.  Legend  states  that  it  was  raised 
by  or  under  the  immediate  supervision  of  the 
immortal  gods.  The  term  is  frequently  to  be 
met  in  classic  literature.  'Ave,  Roma  Immor- 
talis'  is  the  title  of  a  historical  work  on  the 
Italian  capital,  by  Francis  Marion  Crawford. 
'The  Eternal  City'  is  the  title  of  a  novel  by 
Hall  Cainc,  published  in  1901,  the  scene  of 
which  is  laid  in  Rome.  It  was  dramatized  and 
produced  simultaneously  in  England  and  in  the 
United  States  in  1902.  (See  Rome).  Consult 
Moore,  F.  G.,  'Urbs  .Etcrna  and  Urbs  Sacra* 
(Transactions  of  the  American  Philosophical 
Association,  Vol.  25,  1894). 

ETERNITY,  Cape,  headland  on  the  left 
bank  of  the  Saguenay  River,  Canada,  about  40 
miles  up  the  river.  It  has  an  elevation  of  about 
1300  feet  and  is  a  prominent  feature  of  the 
landscape. 

ETESIAN  WINDS,  winds  blowing  at 
stated  times  of  the  year;  applied  especially  to 
north  and  northeast  winds  which  prevail  at 
certain  seasons  in  the  Mediterranean  regions. 
They  are  due  to  the  heat  of  the  African  Sahara, 
which  causes  a  huge  displacement  of  air  d»ie 
to  superheating.  This  is  supplied  by  the  cooler 
air  from  Southern  Europe. 

ETEX,  Antoine,  ati-twan  a'tcks,  French 
sculptor,  painter,  architect,  engraver  anil  writer: 
b.  Paris,  20  March  1808;  d.  Chavillc,  16  July 
1888.  He  studied  under  Ingres,  Dupaty.  Pradicr 
and  Duban.  He  took  the  second  grand  prize  of 
Rome  (1829)  with  his  'Dying  Hyacinthe* ;  and 
became  a  member  of  the  Legion  of  Honor 
(1841).  Among  hi*  other  works  in  sculpture 
arc  'Cain  and  His  Cursed  Race'  (1833)  ;  'Re- 
sistance of  France  to  Coalition  of  1814.'  and 
'Peace,'  for  the  Arc  de  1'Etoile;  group,  'City 
of  Paris  Imploring  God  for  Victims  of  Chol- 
era* ;  'Charlemagne' ;  equestrian  statue  of  Char- 
les I.  Among  his  paintings  are  'Romeo  and 
Juliet';  'Faust  and  Marguerite';  'Allegorical 
Glory  of  the  United  States,'  for  City  Hall, 
New  York  (1853).  Among  his  literary  works 
are  'Notes  on  Paul  Delarochc'  (1857)  ;  'Study 
of  Life  and  Works  of  Ary  Schaeffcr'  (1859)  ; 
'Textbook  for  the  Polytechnical  Association, 
for  Students  and  Workmen'  (1861). 

ETHANE,  GH.,  a  gaseous  hydrocarbon  be- 
longing to  the  paraffin  series  and  constituting 
its  second  member  (the  first  being  methane,  or 
marsh-gas).  It  occurs  in  the  gases  that  are 
given  off  by  crude  petroleum,  and  it  may  be 
prepared  by  heating  methyl  iodide  with  metallic 
zinc  in  closed  tubes  at  300'  F. ;  the  iodide  of 
methyl  that  is  required  being  obtained  by  acting 
upon  methyl  alcohol  (see  Alcohol)  with 
iodine,  in  the  presence  of  phosphorus.  Ethane 
is  also  liberated  at  the  anode,  together  with 
carbon  dioxide  in  the  electrolysis  of  a  concen- 
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t rated  solution  of  sodium  acetate.  It  is  a  color- 
less pas,  which  burns  with  a  pale  flame  and 
combines  with  water,  under  pressure,  to  form  a 
crystalline  hydrate.  Chlorine  combines  with 
ethane  rapidly,  in  diffuse  daylight,  with  the 
formation  of  ethyl  chlorid,  GH»C1 ;  but  if 
excess  of  chlorine  is  present,  higher  substitution 
products  arc  also  formed,  terminating  with 
hexachlorcthane,  GC1«.  Ethane  is  also  known 
as  "ethyl  hydrid.8 

ETHE,  (Karl)  Hermann,  German  Oriental 
scholar:  b.  Stralsund  1844.  He  received  his 
education  at  the  universities  of  Grcifswald  and 
Leipzig.  In  1867  he  was  appointed  privatdozent 
in  Arabic,  Persian  and  Turkish  in  Munich. 
Five  years  later  he  visited  Oxford  for  the 
purpose  of  cataloguing  the  Oriental  manu- 
scripts in  the  Bodleian  Library  there,  the  first 
volume  of  his  catalogue  making  its  appearance 
in  1889.  He  was  made  professor  of  German 
and  Oriental  languages  at  University  College, 
Aberystwyth,  Wales,  in  1875.  His  varied 
labors  include  a  catalogue  of  the  Persian  docu- 
ments in  the  India  office  library,  a  critical  text 
of  <Yusuf  and  Zalikha'  (1908);  <Grundriss 
der  ivanischen  Philologie,'  and  articles  on  pro- 
fessional topics  in  the  Atheneeum,  etc. 

ETHELBALD,  or  JETHELBALD.  king 
of  Mercia:  b.  date  unknown;  d.  757.  He  was 
the  son  of  Alwco  and  succeeded  to  the  throne 
after  the  death  of  Ceolred  in  516.  Within  15 
years  he  succeeded  in  making  subject  to  him 
all  the  princes  and  peoples  of  the  southern  and 
central  parts  of  England  as  far  as  the  Humbcr. 
In  740  he  invaded  Northumbria  and  two  years- 
later  led  a  successful  campaign  against  the 
Welsh.  In  752  he  was  vanquished  at  Burford 
by  Cuthred,  king  of  the  West  Saxons.  It  is 
supposed  that  Ethelbald  was  murdered  by  his 
guards.  Consult  Green,  'Conquest  of  England* 
(New  York  1884). 

ETHELBALD,  king  of  Wcsscx :  d.  860. 
He  was  a  son  of  Ethelwulf,  king  of  the  Anglo- 
Saxons;  was  present  with  his  father  at  the 
victory  over  the  Danes  at  Ockley  in  851,  and 
obtained  the  throne  of  Wcssex  in  856.  While 
Ethelwulf  was  making  a  journey  to  Rome, 
Ethelbald  formed  the  project  of  seizing  the 
throne.  A  civil  war  was  prevented  only  by 
the  moderation  of  Ethelwulf,  who  resigned  to 
his  son  the  dominion  of  Wcsscx  and  confirmed 
that  portion  of  the  kingdom  to  him  in  his  will. 
The  reign  of  Ethelbald  was  peaceful,  but  he 
excited  general  disapprobation  by  marrying, 
contrary  to  the  canonical  law,  his  stepmother, 
Judith. 

ETHELBERT,  king  of  Kent :  b.  about  552; 
d.  616.  He  married  Bertha,  the  daughter  of 
Charibert,  king  of  the  Franks,  and  a  Christian 
princess,  who,  stipulating  for  free  exercise  of 
her  religion,  brought  over  with  her  a  Frankish 
bishop.  Her  conduct  was  so  exemplary  as  to 
prepossess  the  king  and  his  court  in  favor  of 
the  Christian  religion.  In  consequence,  Pope 
Gregory  the  Great  sent  a  mission  of  40  monks, 
headed  by  Augustine,  to  preach  the  gospel  to 
the  Saxons  (597).  They  were  well  received 
and  numbers  were  converted ;  and  the  king  him- 
self at  length  submitted  to  be  baptized.  Civi- 
lization and  knowledge  followed  Christianity, 
and  Ethelbert,  atwut  600,  enacted  a  body  of 
laws,  which  was  the  first  written  code  promul- 


gated by  the  northern  conquerors.  At  the  time 
of  the  landing  of  Augustine  he  had  acquired 
a  supremacy  over  all  the  English  south  of  the 
Humber.  Ethelbert  founded  the  sec  of  Roch- 
ester in  604  and  built  the  first  cathedral,  and 
afterward  that  of  London,  and  built  the  church 
of  Saint  Paul.  He  was  succeeded  by  his  son, 
Eadbald. 

ETHELBERT,  king  of  Kent  and  Wcsscx : 
d.  866.  He  was  the  third  son  of  Ethelwulf 
and  succeeded  to  the  government  of  Kent  about 
855,  and  in  860,  on  the  death  of  his  brother, 
Ethelbald,  became  king  of  Wessex.  His  reign 
was  much  disturbed  by  the  inroads  of  the  Danes 
and  Gaulish  pirates,  whom  he  repulsed  with 
vigor,  but  without  permanent  success  as,  when- 
ever they  were  driven  from  one  part  of  the 
country,  they  ravaged  another. 

ETHELFLEDA,  or  AETHELFLA'  ED. 

eldest  daughter  of  Alfred  the  Great,  king  of 
England,  and  often  referred  to  as  the  Lady  of 
the  Mercians.  She  was  born  about  870;  d. 
Tamworth,  12  June  918.  In  886  she  was  mar- 
ried to  Aethelrcd,  Earl  of  Mercia,  and  with 
him  she  held  Mercia  when  her  brother  Edward 
ascended  the  throne.  They  fortified  Chester  in 
907  and  with  the  Danes  held  off  the  Norwegians 
when  the  latter  besieged  Chester  in  909.  Later, 
with  the  Scots  (Irish)  and  Welsh,  she  formed 
an  alliance  to  resist  the  barbarians  from  the 
north.  Her  husband  died  about  911  and  Ethcl- 
flcda  lost  Middlesex  and  Oxfordshire  to  her 
brother  but  managed  to  hold  the  rest  of  her 
territory.  In  916  she  led  an  expedition  against 
the  Welsh,  took  Derby  in  917  from  the  Danes 
and  Leicester  and  York  in  918.  She  was  buried 
in  Saint  Peter's,  Gloucester.  Having  wielded 
almost  royal  authority  the  title  of  queen  is 
frequently  given  her  by  the  chroniclers.  Con- 
sult 'Saxon  Chronicle';  'Fragments  of  Irish 
Annals,'  edited  by  D.  O'Conor. 

ETHELRED  I,  king  of  England:  d  871. 
He  was  the  fourth  son  of  Ethelwulf  and  suc- 
ceeded, his  brother,  Ethelbert,  in  866.  Assisted 
by  his  brother,  Alfred  the  Great  (by  whom  he 
was  succeeded),  Ethelred  drove  the  Danes  from 
the  centre  of  Mercia,  where  they  had  pene- 
trated, but  the  Mercians  refusing  to  act  with 
him,  he  was  obliged  to  trust  to  the  West  Sax- 
ons alone,  his  hereditary  subjects.  Notwith- 
standing various  successes,  especially  a  great 
victory  at  Ashdown,  the  menace  of  the  invaders 
continually  increased. 

ETHELRED  II,  king  of  England:  b.  968; 
d.  London,  23  April  1016.  He  succeeded  his 
brother,  Edward  the  Martyr,  in  978,  and,  for 
want  of  sound  judgment  and  sagacity,  was  sur- 
named  the  "Unready"  (without  rede  or  coun- 
sel). About  981  the  Danes,  who  had  for  some 
time  ceased  their  inroads,  renewed  them  with 
great  fury.  In  his  reign  began  the  practice  of 
buying  them  off  with  ever-increasing  presents 
of  money.  After  repeated  payments  of  tribute 
(sec  Danegeld)  he  effected,  in  1002,  a  general 
massacre  of  the  Danes  in  England.  Such 
revenge  only  rendered  his  enemies  more  violent ; 
and  in  1003  Sweyn  and  his  Danes  carried  fire 
and  sword  through  the  country.  They  were 
again  bribed  to  depart ;  but,  upon  a  new  in- 
vasion, Sweyn  obliged  the  nobles  to  swear 
allegiance  to  him  as  king  of  England;  while 
Ethelred,  in  1013,  fled  to  Normandy  with  his 
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family.  On  the  death  of  Sweyn,  in  1013,  he  was 
invited  by  the  national  council  to  resume  the 
government  Ethclrcd,  in  1002,  married,  as  his 
second  wife,  Emma,  sister  of  the  Norman  Duke 
Richard  II,  by  whom  he  was  father  of  Edward 
the  Confessor.  His  reign  is  described  by 
Freeman  as  the  worst  and  most  shameful  in 
English  annals. 

ETHELREDA,  Saint,  East  Anglian  prin- 
cess: b.  Exning,  Suffolk;  d.  Ely,  23  June  679. 
Although  twice  married  she  never  lived  in  wed- 
lock with  either  of  her  husbands  but  kept  her 
monastic  vow.  She  finally  became  abbess  of 
Ely,  and  the  county  fair  held  in  the  Isle  of  Ely 
on  her  clay,  after  her  canonization  as  Saint 
Ethelreda  or  Audrey,  gave  rise  to  the  expres- 
sion "tawdry,1*  as  indicating  something  cheap 
and  fine,  such  as  would  be  offered  for  sale  in  a 
village  booth. 

ETHELWULF,  king  of  England:  d.  858. 
He  succeded  his  father,  Egbert,  in  839,  and  soon 
after  his  accession  associated  his  son  Athelstan 
with  him,  giving  him  the  sovereignty  over 
Essex,  Kent  and  Sussex.  In  851  the  Danes 
poured  into  the  country  in  such  numbers  that 
they  threatened  to  subdue  it;  and  though  op- 
posed with  great  vigor  by  Athelstan,  they  fixed 
their  winter  quarters  in  England,  and  next  year 
burned  Canterbury  and  London.  After  inflict- 
ing a  great  defeat  on  the  Danes  at  Ockley,  he 
went  on  a  pilgrimage  to  Rome,  and  on  his  re- 
turn found  his  son  Ethelbald  in  revolt  against 
him.  In  order  to  avoid  a  civil  war,  he  gave  up 
the  western  division  of  the  kingdom  to  his  son, 
retaining  Kent  for  himself.  The  youngest  of 
his  childre  n  was  Alfred  the  Great. 

ETHENDUN,  Battle  of,  the  victory  which 
Alfred  the  Great  gained  over  the  Danes  (878), 
and  which  led  to  the  treaty  with  Guthrum,  the 
Danish  king  of  East  England.  The  locality 
where  the  battle  was  fought  is  supposed  to  be  at 
Edington,  in  Wiltshire. 

ETHER,  ETHYL  ETHER,  DIETHYL 
ETHER,  or  SULPHURIC  ETHER.  When 
the  term  ether  is  used  without  qualifica- 
tion, diethyl  ether  (C»Hi)>Op  is  universally 
understood  to  be  meant,  just  as  ethyl  alcohol 
is  understood,  when  alcohol  is  mentioned 
without  qualification.  Ether  is  prepared  by 
distilling  a  mixture  of  five  parts  of  90  per 
cent  alcohol  and  nine  parts  of  concentrated 
sulphuric  acid,  at  a  temperature  of  285°  F., 
alcohol  being  fed  continuously  into  the  retort 
during  the  operation.  The  distillate  is  treated 
with  lime  to  remove  traces  of  sulphuric  acid, 
and  dried  with  calcium  chloride,  and  is  then 
redistilled.  The  substance  so  obtained  is  a 
mobile,  colorless,  inflammable  liquid  of  agree- 
able odor,  with  a  specific  gravity  of  about  0.72 
at  ordinary  temperatures.  It  volatilizes  rapidly 
with  the  production  of  great  cold.  Its  vapor 
mixed  with  air  is  highly  explosive.  It  will  not 
mix  with  water  to  any  great  extent,  but  will 
mix  readily  with  many  organic  fluids,  and  also 
with  liquid  carbon  dioxide.  It  dissolves 
bromine  and  iodine,  sulphur  and  phosphorus 
sparingly,  guncotton,  rubber,  most  of  the  resins 
and  fats,  and  many  of  the  alkaloids.  It  boils 
at  95°  F.,  under  a  pressure  of  one  atmosphere, 
and  at  200°  F.  below  zero  it  freezes  into  a 
crystalline  solid,  which  melts  again  at  about 
180°  F.  below  zero.   A  hydrate  of  ether  is  ob- 


tained by  evaporating  aqueous  ether  on  blot- 
ting paper.    It  becomes  solid  at  26°  F. 

The  inhalation  of  the  vapor  of  ether  pro- 
duces insensibility  and  it  is  used  for  this  pur- 
pose in  surgical  operations.  Ether  is  also  used 
anaestheticafiy  in  the  form  of  a  spray  produc- 
ing an  intense  cold  with  inhibition  of  pain 
locally.    See  Etheks. 

ETHER,  The,  or  COSMICAL  ETHER, 

in  physics  and  astronomy,  postulated  material 
substance,  which  is  assumed  to  fill  all  space, 
and  to  penetrate  freely  among  the  ultimate 
particles  of  which  all  matter  is  composed.  It 
is  not  in  any  way  related  to  the  substance  known 
as  "ether*  to  the  chemist,  and  the  identity  in 
name  is  unfortunate.  The  physicist  has  the  ad- 
vantage of  priority,  however,  and  cannot  be  ex- 
pected to  change  the  name  because  the  chemist 
subsequently  appropriated  it  for  something  else. 
Although  it  has  not  been  possible  to  determine 
the  properties  of  the  ether  of  physics,  the  ad- 
mission of  its  existence  seemed  a  necessity  of 
scientific  reasoning.  For  we  know  that  light  is 
some  kind  of  a  periodic  disturbance,  and  we 
know  that  it  travels  through  interstellar  space 
with  a  definite,  finite  speed.  It  appears  absurd 
to  suppose  that  a  motion  of  any  kind  could  take 
place  in  a  void,  in  which  there  was  nothing  to  be 
moved;  and  hence,  as  has  been  said,  it  appears 
to  be  a  logical  necessity  to  assume  the  existence 
of  some  kind  of  a  luminit'erous  (light- bearing) 
ether  throughout  space.  As  soon  as  we  begin 
to  inquire  closely  into  its  nature,  however,  we 
encounter  difficulties  that  have  proved  insuper- 
able. Obviously  our  conclusions  in  this  respect 
depended  to  a  large  extent  upon  a  study  of  the 
phenomena  of  light  and,  later,  of  electricity, 
and  of  the  kind  of  motion  that  would  be  com- 
petent to  produce  those  phenomena.  Naturally 
the  assumption  was  first  made  that  the  ether, 
when  submitted  to  stress,  conforms  to  the  same 
laws  of  elasticity  that  hold  true  in  ordinary  mat- 
ter. (See  Elasticity).  In  that  case  the  full 
mathematical  theory  of  the  motion  of  the  ether 
would  involve  no  less  than  21  numerical  coeffi- 
cients, if  the  ether  were  anisotropic.  And  it  is 
as  reasonable  to  believe  that,  whatever  its 
nature  may  be,  it  is  the  same  in  all  its  parts, 
and  that  its  properties,  whatever  they  may  be, 
are  the  same  in  all  directions.  If  these  two 
facts  arc  admitted  — that  is,  if  the  ether  be  ad- 
mitted to  be  isotropic — then  the  number  of  con- 
stants involved  in  the  theory  reduces  to  two. 
These,  as  is  explained  in  the  article  Elasticity, 
are  (1)  the  modulus  of  compressibility,  and  (2) 
the  modulus  of  rigidity.  If  the  ether  were 
analogous  to  a  liquid  or  a  gas,  its  modulus  of 
rigidity  would  be  zero.  It  is  found,  however, 
that  the  equations  of  motion  that  arc  obtained 
by  making  the  modulus  of  rigidity  zero  are  not 
at  all  competent  to  explain  the  acual  phenom- 
ena of  light;  for  in  this  case  the  ether-waves 
would  be  merely  waves  of  alternate  compres- 
sion and  rarefaction,  like  those  of  sound  in  the 
air,  and  there  could  be  no  such  phenomenon  as 
polarization.  It  must  therefore  be  admitted  that 
the  modulus  of  rigidity  of  the  ether  has  a  defi- 
nite, finite  value,  if  the  ether  itself  is  to  be  re- 
garded as  analogous  to  other  kinds  of  matter, 
so  far  as  its  general  mechanical  deportment  is 
concerned.  If  it  be  also  admitted  that  the 
modulus  of  compressibility  of  the  ether  has  a 
definite,  finite  value,  the  conclusion  is  reached 
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that  the  ether  can  transmit  two  essentially  dif- 
ferent kinds  of  waves,  one  of  which  involves 
distortions  of  its  parts,  while  the  other  involves 
changes  in  its  density.  Of  these  the  first  would 
admit  of  polarization,  while  the  second  would 
not.  Moreover,  the  two  kinds  of  waves  would 
have,  in  general,  different  velocities  of  propa- 
gation; and  the  fact  that  all  ether-disturbances 
appear  to  be  propagated  at  the  same  speed  indi- 
cates that  only  one  kind  exists,  and  that  we 
must  therefore  make  one  of  the  three  following 
assumptions  with  regard  to  the  compressibility 
of  the  ether:  (1)  The  modulus  of  compressibil- 
ity of  the  ether  is  infinite;  or  (2)  it  is  zero;  or 
(3)  the  circumstances  under  which  the  atoms 
(or  their  component  electrons)  impress  their 
motions  upon  the  ether  are  such  that  the  modu- 
lus of  compressibility  is  not  involved  in  any 
way.  The  first  of  these  alternatives  implies  that 
the  ether  is  absolutely  incompressible,  and  this 
is  the  one  that  has  been  most  favorably  re- 
garded by  physicists  in  general.  The  second 
implies  that  the  ether  yields  indefinitely,  even 
to  the  smallest  compressive  forces,  so  that  it  is 
essentially  unstable.  This  view  has  been  de- 
veloped in  recent  years  by  Lord  Kelvin,  but  it  is 
hard  to  regard  it  as  more  than  a  mathematical 
possibility.  The  mind  cannot  be  brought  to  ad- 
mit that  it  corresponds  to  the  actual  state  of 
affairs  in  space.  The  third  of  the  suggested 
alternatives  must  also  be  regarded  as  improb- 
able, although,  for  lack  of  exact  knowledge, 
we  can  hardly  pronounce  it  impossible.  On 
the  whole,  therefore,  it  is  plain  that  if  the  elastic 
behavior  of  the  ether  is  analogous  to  that  of 
ordinary  l>odics,  we  have  to  admit  (tenta- 
tively, at  least)  that  so  far  as  elastic  properties 
are  concerned,  the  ether  resembles  an  absolutely 
incompressible  solid. 

According  to  the  elastic-solid  theory  of  the 
ether,  light  consists  of  a  periodic  or  wave-like 
disturbance  in  a  jelly-like  medium,  the  waves 
traveling  in  straight  lines  with  a  uniform  veloc- 
ity of  about  186,000  miles  per  second,  and  the  di- 
rection of  oscillation  of  the  ether  being  at  right 
angles  to  the  direction  in  which  the  wave  pro- 
gresses, just  as  the  direction  of  oscillation  of  the 
various  points  of  a  rope  along  which  a  wave  is 
passing  is  at  right  angles  to  the  rope.  This 
view  of  the  case  accords  very  well  with  most  of 
the  observed  phenomena,  but  there  are  some 
that  do  not  appear  to  be  reconcilable  with  it. 
We  assume  that  the  ether  penetrates  all  bodies, 
and  fills  up  the  spaces  between  their  molecules 
(or  electrons)  ;  and  as  the  phenomena  of  re- 
fraction show  that  the  velocity  of  light  is  less 
in  a  transparent  solid  (say  in  glass)  than  it  is 
in  a  vacuum,  it  follows  that  the  ether  in  the 
glass  has  cither  a  greater  density  or  a  less 
rigidity  than  it  has  in  free  space.  Either  of 
these  suppositions  will  fit  this  simple  case 
equally  well ;  but  there  arc  other  phenomena 
that  will  not  be  satisfied  «o  easily,  and  it  has 
been  found  to  be  impossible  to  make  any  single 
set  of  consistent  assumptions  which  shall  recon- 
cile the  "clastic-solid"  theory  of  the  ether  with 
all  the  known  tarts.  For  example,  when  we 
come  to  investigate  certain  problems  in  partial 
reflection  from  transparent  media,  and  others 
relating  to  diffraction  from  small  particles,  we 
are  obliccd  to  conclude  that  it  i-  the  density  of 
the  ether  that  varies,  the  ri^dity  remaining 
practically  constant.  On  the  other  hand,  the 
phenomena  of  double  refraction  require  us  to 


admit  that  the  rigidity  of  the  ether  in  a  doubly 
refracting  body  is  different  in  different  direc- 
tions ;  and  hence  w«  conclude  that  the  rigidity 
of  the  ether  is  modified  by  the  presence  of  mole- 
cules of  matter  —  a  conclusion  at  variance  with 
that  previously  reached  by  considering  the 
phenomena  of  diffraction  and  partial  reflec- 
tion. Other  difficulties  have  been  encountered 
in  the  application  of  the  elastic-solid  theory  of 
the  ether  to  the  phenomena  of  light,  and  al- 
though reference  to  it  is  common,  because  it  is 
definite  enough  to  present  a  clear  image  to  the 
mind,  and  so  is  helpful  in  many  ways,  the  gen- 
eral opinion  among  physicists  of  the  present 
day  is  that  it  is  no  longer  tenable  as  an  accurate 
description  of  the  real  properties  of  the  ether. 
It  has  been  abandoned  in  favor  of  the  "electro- 
magnetic1* theory  of  Maxwell,  and  in  abandon- 
ing it  we  also  abandon  his  method  of  estimating 
the  density  and  rigidity  of  the  ether. 

Faraday  was  convinced,  many  years  ago,  that 
there  is  some  mechanism  by  which  magnetic  and 
electric  forces  arc  enabled  to  make  themselves 
felt  through  a  space  apparently  vacuous.  "Such 
an  action,"  he  said,  "may  be  a  function  of  the 
ether;  for  it  is  not  unlikely  that,  if  there  be  an 
ether,  it  should  have  other  uses  than  simply  the 
conveyance  of  radiation."  Maxwell,  after  read- 
ing Faraday's  writings,  became  so  impressed  by 
the  ideas  which  they  advanced  that  he  applied 
his  own  ingenious  and  powerful  mind  to  the 
problems  whose  solution  Faraday  had  dimly 
glimpsed,  and  succeeded  in  completely  revolu- 
tionizing our  ideas  with  regard  to  light  and  the 
ether.  His  now  famous  "electro-magnetic  the- 
ory" is  given  in  his  masterly  but  exceedingly 
difficult  'Treatise  on  Electricity  and  Magnetism* 
and  a  popularized  account  of  it  may  l>c  found  in 
Oliver  J.  Lodge's  'Modern  Views  of  Electricity.' 
He  agrees  with  previous  writers  that  light  is 
some  sort  of  a  periodic  disturbance  in  some 
sort  of  an  ether,  and  that  the  displacements  that 
occur  arc  indeed  perpendicular  to  the  direction 
in  which  the  light-wave  travels;  but  he  teaches 
us  that  these  displacements  are  not  analogous  to 
those  that  are  produced  in  an  clastic  solid  when 
that  solid  is  deformed.  He  considers  that  they 
arc  of  an  electrical  nature,  and  that  we  must 
learn  about  them  not  by  observing  the  behavior 
of  clastic  bodies  under  stress,  but  by  observing 
the  phenomena  exhibited  by  electrified  bodies. 
Maxwell  has  given  us  the*  fundamental  equa- 
tions that  must  be  satisfied  when  an  electrical 
disturbance  is  propagated  through  the  ether, 
and  by  means  of  these  equations  the  entire 
theory  of  light  can  be  constructed  on  the  new 
basis.  The  theory  thus  constructed  agrees  well 
with  the  facts  of  observation,  and  it  is  free 
from  the  objections  that  beset  the  old  elastic- 
solid  theory.  Moreover,  it  successfully  with- 
stood the  searching  experimental  tests  devised 
and  executed  by  Hertz  and  his  followers,  whose 
labors  have  shown  us  that  electrical  radiations 
are  propagated  with  the  same  speed  as  light, 
and  that  they  can  be  reflected,  refracted,  dif- 
fracted, polarized,  and  made  to  interfere;  so 
that  we  are  now  quite  ready  to  admit  that  light 
consists  in  a  rapid  succession  of  such  radia- 
tions. It  is  not  at  all  essential  to  Maxwell's 
theory  that  we  should  know  precisely  what  an 
"electrical  displacement"  really  is,  and  hence  it 
docs  not  teach  us  so  much  about  the  nature  of 
the  ether  as  we  might  desire.  It  docs  teach 
that  the  elastic-solid  analogy  is  probably  not 
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correct,  and  it  strongly  suggests  that  the  ether  is 
incompressible,  and  that  there  is  some  kind  of 
an  ethereal  rotation  going  on  in  a  magnetic 
field;  but  it  has  not  yet  been  made  to  furnish 
a  means  of  estimating  the  density  of  the  ether, 
nor  of  obtaining  any  of  its  other  constants. 

We  do  not  even  certainly  know  whether  the 
ether  is  continuous,  or  whether  it  is  molecular 
in  structure.  Some  writers  find  it  difficult  to 
think  of  a  displacement  of  any  kind,  in  a  space 
that  is  entirely  filled  with  matter,  especially  if 
the  matter  is  incompressible.  Others  hold  that 
this  objection  is  without  weight. 

Faraday's  idea  that  magnetic  and  electric 
induction  are  propagated  by  the  same  medium 
as  light  proved  to  be  exceedingly  fruitful,  and 
it  is  by  no  means  unlikely  that  the  ether  pos- 
sesses still  other  functions,  which  will  throw 
further  light  upon  its  nature,  when  they  are 
understood.  The  various  kinds  of  radiations 
that  have  been  discovered  in  recent  years 
(•cathode  rays,"  «Bccquerel  rays,"  "X-rays,* 
and  the  like)  were  at  first  believed  by  many  au- 
thorities to  consist  in  ethereal  motions  different 
from  those  constituting  light,  and  it  was  even 
thought  that  some  of  them  might  correspond 
to  the  waves  of  ethereal  compression  that  had 
been  so  earnestly  sought.  Some  of  these  radia- 
tions, however,  are  now  believed  to  be  nothing 
but  ordinary  light  of  exceedingly  short  wave- 
length, and  others  are  believed,  at  least  tenta- 
tively, to  consist  in  the  actual  emission  of  storms 
of  corpuscles,  or  "electrons,"  from  the  bodies 
from  which  they  proceed.  (Sec  Electron; 
Radium;  Radiation).  Gravitative  action  has 
also  been  attributed  to  ether  stresses,  and  it  is 
not  impossible  that  this  is  its  real  nature.  No 
mechanical  explanation  of  gravitation,  as  an 
ether-phenomenon,  has  yet  been  offered,  how- 
ever, to  which  serious  objections  cannot  be 
urged.  In  Maxwell's  theory  of  gravitation  it  is 
assumed  that  bodies  produce  a  stress  in  the 
ether  about  them,  of  such  a  nature  that  there  is 
a  pressure  along  the  lines  of  gravitative  force, 
combined  with  an  equal  tension  in  all  directions 
at  right  angles  to  those  lines.  "Such  a  state  of 
stress,"  says  Maxwell,  "would  no  doubt  account 
for  the  observed  effects  of  gravitation.  We 
have  not,  however,  been  able,  hitherto,  to 
imagine  any  physical  cause  for  such  a  state  of 
stress."  He  calculates  that  to  produce  the 
actual  effects  of  gravity,  as  observed  at  the  sur- 
face of  the  earth,  the  ether  would  have  to  be 
subject  to  a  pressure  of  37,000  tons  per  square 
inch  in  a  vertical  direction,  and  a  tension  of  the 
same  numerical  magnitude  in  all  horizontal 
directions. 

One  of  the  most  obvious  difficulties  in  the 
way  of  the  ether-theory  is  that  the  planets,  and 
even  the  atoms,  move  through  space  as  though 
it  were  absolutely  empty.  According  to  modem 
ideas,  however,  the  atom  may  be  only  an  aggre- 
gate of  smaller  "electrons,"  each  of  which  may 
transpire  to  be  nothing  but  a  state  of  strain  in 
the  ether;  and  if  this  proves  to  be  the  case,  wc 
arc  certainly  not  in  position  at  present  to  say 
that  the  ether  would  oppose  in  the  slightest  de- 
gree the  transmission  of  such  a  state  of  strain 
through  its  own  substance.  The  difficulty  with 
the  theory'  of  aberration  is  more  formidable. 
If  a  shower  of  rain  is  falling  vertically,  the 
drops  will  appear  to  an  observer  to  descend  ver- 
tically so  long  as  he  remains  stationary.  If  he 
moves  forward,  however,  the  drops  will  sinkc 


him  in  the  face  and  will  therefore  appear,  to 
him,  to  come  from  some  point  slightly  in  ad- 
vance of  the  zenith,  rather  than  from  the  zenith 
itself.  A  similar  phenomenon  is  observed  in 
connection  with  light  and  is  known  as  aberra- 
tion. Every  star  is  seen  in  its  true  position 
when  the  earth  is  moving  directly  toward  it ; 
but  three  months  later,  when  the  earth  is  mov- 
ing at  right  angles  to  this  direction  the  observ- 
er's telescope  will  have  to  be  inclined  slightly 
toward  the  direction  in  which  the  earth  is  mov- 
ing, in  order  that  the  light  from  the  star  may 
come  down  through  the  instrument  centrally. 
The  maximum  displacement  that  a  star  can 
have,  from  this  cause,  is  known  by  observation 
to  be  about  20.47  seconds  of  arc  on  the  heavens. 
If  the  ether  were  motionless,  the  analogy  with 
the  raindrops  would  be  perfect,  and  the  "con- 
stant of  aberration,*  whose  value  has  just  been 
given,  could  be  calculated  from  the  known  ve- 
locity of  light,  and  the  known  velocity  of  the 
earth's  orbital  motion.  It  is  found,  however, 
that  the  theory  of  aberration  is  exceedingly 
complicated  when  the  possibility  of  currents  in 
the  ether  is  admitted,  and  hence  physicists  have 
been  much  concerned  to  know  whether  or  not 
the  earth  drags  the  adjacent  ether  along  with  it, 
in  its  motion  around  the  sun.  As  long  ago  as 
1859  Fizeau  showed,  by  a  justly  celebrated  ex- 
periment, that  the  ether  is  apparently  dragged 
along  by  a  current  of  water  flowing  through  a 
tube;  and  Michelson  and  Morlcy  have  since 
shown,  by  an  even  more  ingenious  experiment, 
that  there  is  evidence  that  the  ether  in  the 
immediate  vicinity  of  the  earth  participates  in 
the  earth's  motion  to  such  an  extent  that  any 
difference  that  may  exist  does  not  amount  to  the 
twentieth  part  of  the  whole  motion.  Lodge,  on 
the  other  hand,  found  no  evidence  of  any  "ether 
drag*  in  the  space  between  two  rapidly  whirled 
steel  plates  that  were  separated  by  an  interval 
of  one  inch.  (Consult  Preston,  'Theory  of 
Light').  The  whole  subject  of  the  "drag®  of 
the  ether  is  still  unsettled;  hut  the  observed 
value  of  the  constant  of  aberration  appears  to 
require  that  the  ether  is  not  disturbed  by  the 
motion  of  the  earth  through  it. 

As  indicative  of  confused  condition  of 
thought  in  regard  to  the  ether,  even  among  the 
most  illustrious  scientific  minds,  the  following 
quotations  are  appended.  Sir  William  Thomp- 
son (Lord  Kelvin)  says:  "The  luminiferous 
ether  is  an  elastic  solid,  for  which  the  nearest 
analogy  I  can  give  you  is  this  jelly  which  you 
sec."  Fitzgerald  remarks  upon  this,  "I  cannot 
conclude  without  protesting  strongly  against 
Sir  William  Thompson's  speaking  of  the  ether 
as  like  a  jelly.™  Alfred  Sang  remarks,  "Some 
of  the  most  eminent  physicists  have  adopted  the 
view  that  the  universal  medium  must  be  solid. 
We  are  asked  to  conceive  our  planet  moving  at 
the  rate  of  18  miles  per  second  through  it,  and, 
what  is  still  more  incredible,  that  this  takes 
place  without  any  friction."  Sir  William  Ram- 
sey says,  "It  is  almost  universally  held  that  all 
phenomena  are  'mechanical,'  that  is,  they  arc 
the  result  of  matter  in  motion,  and  can  be  pic- 
tured to  the  mind  in  a  concrete  form ;  that 
some  kind  of  'machine'  can  be  imagined  which, 
if  it  existed,  would  reproduce  the  phenomena 
in  question."  And,  further,  "It  has  not  yet  been 
found  possible  to  think  out  a  structure  and 
mode  of  motion  of  the  ether  which  will  explain 
or  make  it  possible  to  realize  as  a  kind  of 
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machine,  all  the  phenomena  in  which  the  ether 
appears  to  play  a  part*  J.  Clerk  Maxwell 
offers  the  hypothesis  that  the  constitution  of 
ether  is  made  up  of  elastic  centres  or  vortices 
in  close  proximity,  but  goes  on  to  say,  "No  the- 
ory of  the  constitution  of  the  ether  has  yet  been 
invented  which  will  account  for  such  a  system 
of  molecular  vortices  being  maintained  for  an 
indefinite  time." 

It  has  more  recently  been  postulated  of  the 
ether  (Erwin  1916),  that  it  is  structureless,  in- 
compressible, motionless,  but  capable  of  taking 
on  motion,  non-elastic,  and  capable  of  indefinite 
subdivision,  and  that  the  subdivided  parts  can 
be  moved  over  each  other  without  friction.  On 
the  other  hand  such  eminent  physicists  as  Ein- 
stein, Ritz  and  Poincare  deny  the  necessity  for 
any  such  suppositional  substance  as  the  ether. 
It  is  a  fact  that  scientific  inquiry  is  attacking 
this  and  similar  problems  along  quite  a  differ- 
ent line,  upon  the  hypothesis  that  matter  has 
no  existence  otherwise  than  as  a  mode  of  mo- 
tion 

Consult  Erwin,  M.,  "The  Universe  and  the 
Atom*  (New  York  1916);  Larmor,  J.,  'Either 
and  Matter'  (Cambridge,  Mass.  1900);  Pres- 
ton. S.  J.,  'Physics  of  the  Ether'  (London 
1875). 

Richard  Ferris. 
ETHEREAL  SALTS.    See  Estkrs 

ETHEREGE,  Sir  George,  English  dram- 
atist: I,  Oxfordshire,  about  1635:  d.  Paris, 
probably  late  in  1691.  He  is  said  to  have  spent 
some  time  at  Cambridge,  but  this  is  probably 
not  the  case,  since  we  have  it  on  high  authority 
(Dennis)  that  he  was  unacquainted  with  cither 
Latin  or  Greek.  He  traveled  much  abroad  and 
spent  some  time  in  Paris,  where  it  is  probable 
that  he  saw  the  performance  of  the  early  come- 
dies of  Molicrc.  Returning  to  England  he 
studied  law  for  some  time.  After  1660  he 
wrote  'The  Comical  Revenge,  or  Love  in  a 
Tub,'  which  was  produced  in  1664  at  the 
Duke's  theatre  It  was  very  successful  and 
brought  the  author  the  patronage  of  the  court. 
In  1668  he  produced  'She  Would  if  She  Could,' 
a  rather  frivolous  and  immoral  work,  but  which 
attained  a  great  success.  For  many  years 
Ethercgc  neglected  literature  but  returned  in 
1676  with  'The  Man  of  Mode,  or  Sir  Fopling 
Flutter,'  a  splendid  comedy  of  intrigue.  It 
added  to  the  author's  fame'  and  fortune,  but 
his  dissolute  mode  of  life  soon  dissipated  the 
latter.  He  was  knighted  about  1680  and  soon 
afterward  married  a  rich  widow.  Charles  II 
sent  him  on  a  mission  to  The  Hague  and  in  1685 
he  was  Minister  at  Regensburg.  He  remained 
there  for  three  and  one-half  years,  but  never 
liked  Germany  Consult  the  edition  of  his 
works  hv  Vcritv  (1888)  and  Gosse.  'Seven- 
teenth Century  Studies'  (London  1895)  ;  'Cam- 
bridge Historv  of  English  Literature'  (ib. 
1907113) 

ETHERIDGE,  Emerson,  American  states- 
man :  b.  Carritut-k  County.  X.  C,  28  Sept.  1819; 
d.  —  .  When  13  years  of  age  he  removed  to 
Tennessee,  received  a  public  school  education, 
studied  law  and  was  admitted  to  the  bar  in 
1S40  He  was  a  member  of  the  legislature  in 
1845-47,  and  a  candidate  for  speaker,  and  was 
then  sent  to  Congress  as  a  Whig  and  re  elected 
bythe  "American''  party,  serving  from  1853  to 
1857.    He  was  defeated  tor  the  next  Congress 


-TS  — ETHERS 

but  was  re-elected  in  1858  and  served  again  in 
1859-61,  in  which  session  he  was  chairman  of 
the  Committee  on  Indian  Affairs.  He  was 
then  elected  clerk  of  the  House  of  Representa- 
tives and  served  from  4  July  1861  to  8  Dec. 
1863.  On  his  return  to  Tennessee  he  devoted 
himself  to  the  practice  of  his  profession  and  the 
study  of  philosophy.  He  served  in  the  Tennes- 
see Senate  in  1869-70  and  was  twice  nominated 
for  the  governorship  of  his  State,  being  de- 
feated once  and  declining  the  second  nomination. 
He  was  the  last  Whig  that  served  in  Congress. 
He  published  'Speeches  in  Congress'  (Wash- 
ington 1857). 

ETHERIDGE,  John  Weslev,  English  non- 
conformist clergyman:  b.  near  Newport,  Isle  of 
Wight,  24  Feb.  1804 ;  d.  Camborne,  24  May  1866. 
He  was  educated  by  his  father  and  later  ac- 
quired a  thorough  knowledge  of  Hebrew,  Greek, 
Latin.  Syriac,  German  and  French.  In  1826  he 
attempted  to  enter  the  ministry  and  after  a 
period  of  probation  was  received  in  full  con- 
nection at  the  conference  of  1831.  Thereafter 
he  spent  two  years  at  Brighton,  when  he  re- 
moved to  Cornwall.  In  1838  his  health  began 
to  fail  and  he  was  pensioned  and  went  to  live 
at  Caen  and  Paris.  His  health  improving,  he 
accepted  the  pastorship  of  a  Methodist  church 
at  Boulogne  in  1842.  Four  years  later  he  re- 
turned to  his  native  land  and  was  successively 
on  the  circuits  of  Islington.  Bristol,  Leeds,  Pen- 
zance, Penryn,  Truro  and  Saint  Austell  in  Corn- 
wall. Heidelberg  conferred  on  him  the  degree 
of  Ph  D.  He  published  'The  Apostolic  Minis- 
try and  the  Question  of  Its  Restoration  Consid- 
ered' (1836);  'Misericordia.  or  Contemplations 
of  the  Mercy  of  God'  (1842)  ;  'Hone  Aramai- 
cs?' (1843)  ;  'The  Syrian  Churches:  Their  Early 
History.  Liturgies  and  Literature'  (1846)  ; 
'The  Apostolical  Acts  and  Epistles  from  the 
Peschitto,  or  Ancient  Syriac.  to  which  are 
Added  the  Remaining  Epistles  and  Book  of 
Revelation  from  a  later  Syriac  Text'  (1849); 
'The  Targums  of  Onkelos  and  Jonathan  ben 
LTzzicl  on  the  Pentateuch,  with  the  Fragments 
of  the  Jerusalem  Targum'  (2  vols.,  1863)  : 
'Life  of  Rev  Adam  Clarke'  (1858)  Consult 
memoir  by  T,  Smith  (London  1871). 

ETHERIDGE,  Robert,  English  prolog st : 
b.  Ross.  Hereford.  3  Dec.  1819;  d.  Chelsea. 
London,  18  Dec.  1903.  He  engaged  in  mercan- 
tile pursuits  and  devoted  his  spare  time  to  nat- 
ural history  study.  He  became  curator  of  the 
museum  attached  to  the  Bristol  Philosophical 
Institution,  was  made  assistant  paleontologist  in 
1857  and  paleontologist  six  years  later  of  the 
Geological  Survey.  In  1881  he  was  transferred 
to  the  geological  department  of  the  British  Mu- 
seum, where  he  was  assistant  curator  for  10 
years.  He  published  'Catalogue  of  Fossils  in 
the  Museum  of  Practical  Geology,'  in  collabo- 
ration with  Huxley  (1865)  ;  'Fossils  of  the 
British  Islands,  Stratigraphically  and  Zoologi- 
cally Arranged'  (Vol.  I,  1888). 

ETHERS,  in  chemistry,  those  compounds 
which  may  be  regarded  as  derived  from  water 
by  the  replacement  of  each  of  the  hydrogen 
atoms  by  a  basic  or  alcoholic  radical  The 
ether  is  "simple"  if  the  basic  radicals  that  are 
so  substituted  are  alike,  and  it  is  "mixed"  if 
they  are  unlike.  The  formation  of  a  simple 
ether  may  be  conveniently  illustrated  by  the 
case  of  common,  or  "diethyl8  ether,  (CiHj)»0. 
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This  may  be  prepared  in  various  ways,  but  the 
sulphuric-acid  method  will  serve  best  to  illus- 
trate the  nature  of  the  compound.  When 
alcohol,  GH..OH,  is  heated  to  285°  F.  with 
sulphuric  acid,  H*SO«,  one  of  the  hydrogen 
atoms  of  the  acid,  is  replaced  by  the  alcohol 
radical  ethyl  CiHt,  according  to  the  equation 
CHkOH  +  H,SO.=  (GH.)HSO«  +  H.O,  the 
compound  (GH»)HSO«  being  known  as  hydro- 
genethyl-sulphate,  or  "sulphovinic  acid.»  When 
the  hydrogen-ethyl-sulphate  comes  in  contact 
with  another  molecule  of  the  alcohol,  it  under- 
goes a  second  transformation,  by  which  another 
ethyl  radical  is  taken  up,  and  a  molecule  of  sul- 
phuric acid  again  set  free,  as  indicated  by  the 
equation  (GH.)HSO.  +  GH..OH  —  (GH.).0 
+  H.SO*  It  will  be  seen  that  although  a  mole- 
cule of  sulphuric  acid  is  used  up  in  the  first 
part  of  the  process,  it  is  regenerated  in  the 
second  part,  so  that  on  the  whole  there  has  been 
no  change  in  the  quantity  of  acid  present.  The 
water  produced  in  the  first  stage,  and  the  ether, 
(GH»)»0,  produced  in  the  second  stage,  pass 
off  in  the  state  of  vapor,  and  the  apparatus  is 
ready  for  the  admission  of  a  new  supply  of 
alcohol.  The  process  by  which  an  ether  is 
formed,  as  here  illustrated,  is  called  etherifica- 
tion ;  and  the  etherification  is  said  to  be  "con- 
tinuous" if  it  can  go  on,  as  in  this  case,  by 
merely  passing  a  stream  of  the  alcohol  into  one 
end  of  the  apparatus,  and  withdrawing  the 
vapor  of  ether  and  water  at  the  other  end 
Methyl  ether,  for  example,  can  be  formed  by 
the  action  of  sulphuric  acid  upon  methyl 
alcohol  in  a  manner  precisely  analogous  to  that 
explained  above.  The  equations  in  this  case 
are  CH..OH  +  H,SO.=  H,0  +  (CH.)  HSO.; 
(CH.)HSO.  +  CH.OH  «=  H.SO.  +  (CH,),0; 
where  CH..OH  is  methyl  alcohol,  (CH,)»0  is 
methyl  ether,  and  (CH.)HSO,  is  hydrogen- 
methyl-sulphate. 

As  an  illustration  of  a  mixed  ether,  the  case 
of  methyl-ethyl  ether  may  be  cited.  If  ethyl 
alcohol  be  heated  with  iodine  in  the  presence  of 
phosphorus,  a  substance  known  as  ethyl  iodine  is 
formed.  Thus:  5GH..OH  +  51  4-  P - 5GH..I 
+  H.PO.  +  H.O.  On  the  right  of  this  equa- 
tion, HtPO^  is  phosphoric  acid,  and  GH..I  is 
ethyl  iodide,  which  is  a  liquid  boiling  at  152"  F., 
readily  separable  from  the  phosphoric  acid  by 
distillation.  Now  if  ethyl  iodide  be  mixed  with 
potassium  ethylate  (obtained  by  dissolving 
metallic  potassium  in  absolute  ethyl  alcohol), 
the  following  reaction  occurs,  and  ethyl  ether 
is  formed  :  GH..I  +  GH..OK  =  KT  +  (GH.),0. 
But  if  the  ethyl  iodide  is  mixed  with  potassium 
methyiatc,  Cri».OK,  which  is  obtained  by  dissolv- 
ing metallic  potassium  in  absolute  methyl  alco- 
hol, then  the  ether  that  is  formed  contains 
the  radical  methyl,  CH*  and  also  the  radical 
ethyl  GH»,  and  hence  is  a  mixed  ether; 
C.H..I  +  CH,OK  —  KI  +  GH..OCH.  The 
mixed  ether,  GH.O.CHi.  is  known  as 
methyl-ethyl  ether.  The  reactions  that  have  here 
been  given  at  some  length  arc  typical  of  similar 
ones  that  hold  true  very  generally  of  the  alco- 
hols and  ethers.  In  all  the  more  familiar  cases 
the  iodide  of  a  given  alcohol  radical  can  be 
prepared  by  treating  the  corresponding;  alcohol 
with  iodine  and  phosphorus;  and  a  potassium 
■alcoholate"  can  be  formed  by  dissolving  metal- 
lic potassium  in  the  corresponding  (anhydrous) 
alcohol.  Then  if  we  wish  to  prepare  a  proposed 


mixed  ether,  we  have  only  to  treat  the  iodide  of 
one  of  its  radicals  with  the  potassium  compound 
of  the  other  one,  as  indicated  above.  The  com- 
moner ethers,  both  simple  and  mixed,  strongly 
resemble  one  another  in  their  general  properties. 
Thus  they  will  not  mix  with  water,  nor  combine 
with  ammonia  nor  other  alkalies,  nor  with  me- 
tallic sodium,  nor  with  dilute  acids.  The  resem- 
blance is  also  close  in  other  respects.  For 
ee  Esters 


ETHICAL  DETERMINISM.  Sec  Deter- 
minism. 

ETHICAL  MOVEMENT  AND  ETH- 
ICAL SOCIETIES  IN  AMERICA  AND 
ABROAD.  The  first  Ethical  Society  was 
established  and  the  Ethical  Movement  inaugu- 
rated in  1876  in  New  York  by  Felix  Adler, 
then  a  lecturer  at  Cornell  University.  In  re- 
sponse to  a  call,  several  hundred  persons  met  in 
May  at  Standard  Hall  and  at  the  conclusion  of 
Professor  Adler's  address,  outlining  the  purpose 
and  spirit  of  the  proposed  organization,  the 
Society  for  Ethical  Culture  of  New  York  was 
constituted.  In  this  address  he  appealed  to  his 
auditors  to  unfurl  a  new  flag  of  peace  and  con- 
ciliation over  the  bloody  battlegrounds  where 
religions  had  fought  in  the  past ;  he  laid  stress 
upon  the  urgent  need  of  a  higher  and  sterner 
morality  to  cope  with  the  moral  perils  of  the 
hour,  especially  noting  the  growing  laxity  that 
accompanied  the  decline  of  discredited  forms  of 
religious  belief;  and  he  placed  peculiar  emphasis 
upon  the  duty  of  caring  for  the  moral  education 
of  the  young.  The  society  thus  initiated  grew 
rapidly,  and  soon  gave  practical  effect  to  his 
program.  Within  a  few  years  it  had  established 
a  free  kindergarten  for  the  children  of  the  poor, 
the  first  of  its  kind  in  New  York ;  and  this  de- 
veloped into  a  workingman's  school,  based  upon 
the  Frocbelian  pedagogy,  which  was  the  first 
school  to  introduce  manual  training  and  system- 
atic ethical  instruction  into  the  curriculum.  It 
also  inaugurated  a  system  of  trained  nurses  for 
the  poor,  which  has  since  become  an  adjunct  of 
dispensary  out-door  relief  in  the  city.  Nor  were 
the  larger  social  and  political  applications  of 
morality  to  contemporary  life  neglected:  its 
leader  devoting  special  attention  in  his  platform 
utterances  to  the  labor  problem  and  specific 
social  reforms,  as  being  at  bottom  great  moral 
issues.  His  vigorous  exposure  of  the  evils  of 
the  tenement  houses  bore  fruit  in  the  creation 
of  the  Tenement  House  Commission  of  1884,  of 
which  he  was  appointed  a  member.  He  also 
was  among  the  first  advocates  of  small  parks 
in  the  congested  districts,  of  public  playgrounds 
and  public  baths;  and,  above  all,  of  greater  jus- 
tice and  humanity  in  the  relations  between  labor 
and  capital,  employer  and  employed  The  Labor 
party  here  found  a  new  type  of  advocate; 
and  reformers  and  politicians  a  platform 
from  which  the  issues  of  the  hour  were 
brought  to  the  touchstone  of  ethical  first- 
principles. 

Meanwhile,  the  society  filled  more  and  more 
the  place  of  a  church  in  the  lives  of  its  hitherto 
unchurched  members.  It  did  not  neglect  the 
problems  of  the  personal  life,  but  aimed  to 
illuminate  and  inspire  its  members  in  their 
dealings  with  the  problems  of  the  home  and 
the  vocation,  family  relations,  marriage,  the 
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training  of  the  young,  etc.  Its  position  as  a 
distinctive  religious  organization  became  better 
understood  and  its  religious  appeal  more  for- 
cibly felt,  while  its  practical  educational  and 
philanthropic  activities  continued  to  multiply. 
Its  schools,  testifying  to  its  conviction  that 
moral  improvement  must  begin  with  the  care 
and  education  of  the  young,  expanded  until 
kindergarten  normal  and  high  school  depart- 
ments were  added.  These  expansions  necessi- 
tated greatly  enlarged  quarters;  the  society 
therefore  erected  at  Central  Park  West  and 
63d  Street  a  thoroughly  modernized  school  build- 
ing, next  to  which  an  appropriately  dignified 
meeting  place  and  society-house  were  later  on 
added.  This  thoroughly  equipped  school  house 
has  enabled  the  society  to  fulfil  its  cherished 
aim  of  having  a  model  and  experimental  school, 
standing  for  the  highest  ideals  of  non-sectarian 
education  and  the  most  efficient  pedagogical 
method  of  realizing  them.  Many  significant 
developments  have  taken  place  including  unique 
Arts  High  School.  What  distinguishes  these 
from  many  other  similar  schools  is  their  demo- 
cratic organization  and  spirit ;  like  the  public 
schools,  they  educate  children  both  of  the 
well-to-do  and  of  the  poor,  a  generous  pro- 
portion of  free  pupils  being  admitted  under  a 
system  ot  free  scholarships  endowed  by  the 
society. 

To  give  further  effect  to  its  conception  of  a 
religious  society  as  a  body  of  workers,  bent 
upon  learning  by  doing  and  promoting  piety  by 
service,  the  society  opens  to  its  members  many 
other  fields  of  education  and  philanthropic 
activity.  Here  the  women  of  the  society  take  a 
prominent  part.  Most  of  the  philanthropies 
arc  affiliated  under  a  general  representative 
body,  known  as  the  Women's  Conference, 
fortunate  in  drawing  an  unusual  number  of 
young  men  to  its  ranks,  the  society  has  a  strong 
Young  Men's  Union  which  contributes  largely  to 
the  support  of  two  neighborhood  houses:  the 
Hudson  Guild  on  the  West  Side,  of  which  Dr. 
John  Lovcjoy  Elliott,  one  of  Professor  Adlcr's 
associate  lecturers,  is  the  head  worker ;  and  the 
Down-Town  Ethical  Society,  on  the  lower  East 
Side.  The  Union  also  owns  and  supports  a 
summer  home  on  its  farm  of  70  acres  at  Moun- 
tainville,  N.  Y.,  where  a  farm  school  is  held, 
and  a  summer  holiday  is  given  to  groups  of  the 
boys  and  girls  who  belong  to  the  Neighborhood 
clubs.  The  larger  policies  and  relations  of  all 
the  working  bodies  of  the  society  arc  considered 
and  shaped  by  a  Council  of  Fifty,  composed  of 
representatives  from  all  of  them.  One  other 
event  in  the  history  of  the  society  that  calls  for 
mention  is  the  recent  appointment  of  Professor 
Adler  to  the  newly  created  chair  of  political 
and  social  ethics  at  Columbia  University.  As 
the  chair  was  endowed  with  a  view  to  Professor 
Adlcr's  tenure  of  it  at  the  instigation  of  some 
members  of  the  well-known  Committee  of  Fif- 
teen appointed  by  the  chamber  of  commerce  to 
deal  with  the  social  evil  in  New  York,  of  which 
committee  Professor  Adler  wras  an  active  mem- 
ber, this  appointment  is  a  remarkable  public 
tribute  to  the  large  public  place  which  the 
founder  of  the  ethical  movement  has  won  for 
himselt  and  for  it. 

Early  in  the  history  of  the  society, 
a  number  of  young  men,  including  William 
M.  Salter  and  Walter  L.  Sheldon,  were  at- 


tracted to  it,  and,  after  a  period  of  apprentice- 
ship in  New  York,  went  forth  to  found 
societies  in  Chicago,  Philadelphia  and  Saint 
Louis,  and  across  the  seas  to  London.  To  these 
have  been  added  organizations  in  Brooklyn, 
Newark,  the  Bronx  and  Wilmington.  Del.,  the 
heads  and  lecturers  of  these  being  in  New 
York,  Dr.  Felix  Adler,  Dr.  John  Lovejoy 
Elliott,  Dr.  David  Saulle  Muzzey  and  Mr. 
Alfred  Martin;  in  Philadelphia,  Mr.  E.  Bums 
Weston ;  in  Saint  Louis,  Mr.  Percival  Chubb ; 
in  Chicago,  Mr.  Horace  J.  Bridges;  in  Brook- 
lyn, Dr.  Henry  Neumann;  in  Newark  Mr. 
George  E.  O'Dcll.  These  American  societies, 
while  loosely  federated  in  a  union,  maintain  an 
individuality  of  their  own.  and  have  developed 
different  forms  of  activity  according  to  local 
needs  and  circumstances.  Local  settlement  work 
was  done  in  Saint  Louis  as  early  as  188°,  when 
"Wage  Earners'  Self  Culture  Clubs*  were 
established  in  four  sections  of  the  city.  They 
all  hold  Sunday  exercises,  which  consist  for 
the  most  part  of  music,  readings  and  an  ad- 
dress. All  admit  to  membership  on  a  simple 
declaration  of  devotion  to  the  ethical  ends.  All 
attach  great  importance  to  the  moral  and  reli- 
gious education  of  the  young,  and  maintain 
well-organized  Sunday  schools  and  associations 
and  clubs  of  young  men  and  young  women 
devoted  to  the  same  end  and  to  various 
kinds  of  practical  work  From  the  pub- 
lishing and  literary  headquarters  of  the  Ethi- 
cal Union  in  New  York  is  issued  monthly. 
The  Standard,  the  organ  of  the  movement. 
Among  the  literary  products  of  the  American 
societies  arc  Professor  Adler's  'The  Religion  of 
Duty,>  'Moral  Instruction  of  Children'  and 
'Life  and  Destiny.'  etc.  Mr.  Salter's  'Ethical 
Religion';  Mr.  Sheldon's  'An  Ethical  Move- 
ment'; 'An  Ethical  Sunday  School';  'Old 
Testament  Bible  Stories  as  a  Basis  for  Ethical 
Instruction  of  the  Young,'  etc,  several  volumes 
by  Mr.  Martin  and  others. 

That  the  movement  initiated  in  America  ex- 
pressed no  merely  local  phase  of  religious  de- 
velopment is  evident  by  its  still  more  rapid 
spread  in  Europe.  American  influences  led  to 
the  establishment  in  1886  of  the  London  Ethical 
Society  with  which  Professors  Muirhcad, 
Bosanquct,  Bonar  and  others,  upon  whom  the 
ethical  influence  of  Thomas  Hill  Green  of 
Oxford  had  been  profound,  were  identified; 
and  under  its  auspices  lectures  were  given  at 
Toynbcc  Hall  and  elsewhere  by  many  men  at 
the  universities  and  in  public  life  who  felt  the 
importance  of  the  new  ethical  propaganda,  such 
as  Sceley,  Caird,  Leslie  Stephen,  etc  About 
the  same  time  Dr.  Stanton  Coit  went  over  from 
New  York  to  assume  (ince  Mr.  Moncure  D. 
Conway)  the  leadership  of  the  congregation  at 
South  Place  Chapel,  then  renamed  the  South 
Place  Ethical  Society,  which,  after  a  brief 
pastorate,  he  resigned  to  push  the  ethical  cause 
in  other  ways. 

Under  his  leadership  ethical  societies  multi- 
plied rapidly  in  London  and  in  the  provinces. 
A  union  of  ethical  societies  (14  or  more), 
and  a  moral  instruction  league  (to  introduce 
systematic  non-theological,  moral  instruction 
into  all  schools),  since  become  a  separate  or- 
ganization, were  established.  There  has  also 
been  a  considerable  output  of  literature. 
Special  mention  should  be  made  of  the  valu- 
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able  series  of  books  of  ethical  instruction  by 
Mr.  F.  J.  Gould. 

The  new  movement  was  finding,  meanwhile, 
favorable  soil  on  the  Continent.  A  centre  of 
activity  was  established  at  Berlin,  where  Pro- 
fessor Gizycki,  Prof.  William  Foerster,  and 
others  identified  themselves  with  the  cause. 
Other  societies  were  in  time  established  in 
Germany,  and  in  Austria  at  Vienna,  in  Italy  at 
Venice  and  Rome,  in  Switzerland  and  Zurich 
and  Lausanne ;  and  in  France  through  the  Union 
pour  L' Action  Morale  (1891)  which  found 
spokesmen  in  M.  Emil  Desjardins  (notably  in 
his  stirring  brochure  <Le  Devoir  Present'),  and 
in  other  well-known  writers.  In  Germany  the 
movement  languished  until  only  a  small  group 
in  Berlin  under  the  courageous  leadership  of 
Professor  Foerster  became  the  only  noteworthy 
survivor. 

The  early  activity  of  these  European  centres 
led  to  the  establishment  of  an  international  or- 
ganization with  a  central  station  at  Zurich 
where  in  September  18%  an  International  Con- 
gress was  held  which  issued  a  representative 
manifesto.  It  is  largely  colored  by  a  continental 
sense  of  the  urgency  of  applying  ethical  prin- 
ciples in  the  domain  of  social  and  political 
affairs.  It  announced  its  sympathy  with  the 
efforts  of  the  populace  to  obtain  a  more  human 
existence ;  but  recognized  as  an  evil  hardly  less 
serious  than  the  material  need  of  the  poor,  the 
moral  need  which  exists  among  the  wealthy, 
whose  integrity  is  often  deeply  imperiled  by 
the  discords  in  which  the  defects  of  the  present 
industrial  system  involve  them.  It  demanded 
that  the  social  conflict  should  be  carried  on 
within  the  lines  prescribed  by  morality,  in  the 
interest  of  societv  as  a  whole,  and  with  a  view 
to  the  final  establishment  of  social  peace.  It 
declared  for  universal  peace,  and  against  mili- 
tarism and  the  national  egotism  and  jealously 
which  precipitate  war.  Finally,  it  urged  upon 
all  ethical  societies  not  simply  to  concern  them- 
selves with  these  practical  issues,  but  to  devote 
their  utmost  energy  to  the  building  up  of  a  new 
ideal  of  life  in  harmony  with  the  demands  of 
modern. enlightenment.  This  first  international 
manifesto  is  still  significant  because  it  expresses 
the  almost  universal  interest  of  cthicists  in  the 
social  question,  and  their  desire  to  bring 
theories,  policies  and  measures  of  reform  to 
the  test  of  ethical  principle;  it  expresses  also 
their  interest  in  promoting  peace  and  an  educa- 
tion animated  and  unified  by  an  ethical  pur- 
pose. It  does  not,  however,  lay  the  stress 
which  would  to-day  be  laid  upon  the  relation 
of  the  movement  to  modern  liberalism,  its  frank 
acceptance  of  the  spirit  and  results  of  modern 
science,  and  its  repudiation  of  the  supernatural, 
miraculous  and  priestlv  elements  in  religion ; 
nor  docs  it  voice  the  deeper  religious  serious- 
ness and  spirituality  of  the  movement.  By 
some  of  the  leaders  this  latter  is  very  strongly 
emphasized;  and  some  of  the  ethical  societies 
are  primarily  churches  for  inspiration  and 
guidance  in  the  difficult  effort  to  lead  the  good 
life.  What  effect  the  Great  War  will  have  on 
the  international  movement  it  is  impossible  to 
predict.  So  far  it  has  crippled  or  handicapped 
the  smaller  societies.  In  England  there  has 
been  a  brave  struggle  to  maintain  them.  Per- 
haps after  the  war  their  great  opportunity  will 


come.  In  America  they  continue  to  move  for- 
ward. 

While  the  inception  of  the  ethical  movement 
was  due  to  the  insight  and  prevision  of  Felix 
Adler,  and  its  first  powerful  impact  due  to  his 
attractive  eloquence  and  personal  power,  its 
slow  but  steady  growth  is  evidence  that  it  met 
a  deep  and  widespread  need.  It  was  fitly  born 
on  American  soil ;  for  a  new  ethical  religion 
and  ethical  church  for  America  had  been  defi- 
nitely prophesied  and  sketched  by  Emerson  in 
his  latter  essays  on  'Worship*  and  'The  Sov- 
ereignty of  Ethics.'  He  had  said:  "The  prog- 
ress of  religion  is  steadily  to  its  identity  with 
morals.  ...  It  accuses  us  that  pure  ethics 
is  not  now  formulated  and  concreted  into  a 
culms,  a  fraternity  with  assemblings  and  holy 
days,  with  song  and  book,  with  brick  and 
stone.  .  .  .  America  shall  introduce  a  pure 
religion.  .  .  .  There  will  be  a  new  church 
founded  on  moral  science ;  at  first  cold  and 
naked,  a  babe  in  a  manger  again,  the  algebra 
and  mathematics  of  ethical  law,  the  church  of 
men  to  come,  without  shawms,  or  psaltery,  or 
sackbut;  but  it  will  have*  heaven  and  earth  for 
its  beams  and  rafters,  science  for  symbol  and 
illustration ;  it  will  fast  enough  gather  beauty, 
music,  picture,  poetry-.*  The  development  of  ad- 
vanced Unitarianism  through  Channing  and 
Parker  had  been  in  this  direction.  It  had  two 
practical  outcomes  —  the  Free  Religious  Asso- 
ciation, which  still  holds  annual  sessions;  and 
the  Ethical  Movement.  As  distinguished  from 
the  Free  Religious  Association,  which  ex- 
pressed vaguely  the  libertarian  tendencies 
of  Emerson's  thought,  the  Ethical  Move- 
ment gave  effect  to  the  positive  and  con- 
structive tendency  which  found  clear 
utterance  in  his  prophecy.  Although  this 
positive  spirit  was  present  in  the  religious 
society  conducted  in  New  York  by  Octavius  B. 
Frothingham  —  who  was  wont  to  say,  after  he 
had  retired  and  it  had  disbanded,  that  its  legiti- 
mate successor  was  the  Society  for  Ethical 
Culture  —  it  was  not  until  Felix  Adler  brought 
to  the  new  movement  at  once  an  ethical  out- 
look and  philosophy  learned  chiefly  in  the 
school  of  Kant,  an  impassioned  Hebraic  sense 
of  religion  as  righteousness  of  life,  and  a  prac- 
tical sense  of  the  urgency  and  ethical  import 
of  the  great  impending  moral  issues  in  the 
social,  industrial  and  political  world,  that  con- 
ditions existed  for  the  full  birth  of  the  new 
ethical  religion. 

The  most  distinctive  feature  of  this  new 
phase  of  religious  development  was  that  it  did 
not  propose  to  add  to  the  religions  of  the  past, 
in  the  way  in  which  these  had  multiplied, 
namely,  on  the  basis  of  differences  of  specula- 
tive belief.  Instead,  it  announced  the  basic  im- 
portance and  the  priority  of  the  ethical  factor 
in  religion.  It  approached  religion,  not  from 
the  credal,  but  from  the  practical  moral  stand- 
point;  and  it  saw,  in  a  common  affirmation  of 
this  priority  and  supremacy  of  virtue  and  the 
good  life,  a  ground  of  union  for  people  of  vary- 
ing philosophical  convictions,  or  none.  Following 
Emerson,  it  asserted  that  character  and  conduct 
condition  creed  and  thought ;  and  that  it  is  only 
by  sowing  a  worthy  character  that  men  can  reap 
a  vital  and  meaningful  creed.  It  contended 
that  no  certain  and  lasting  basis  of  union  can 
be  found  in  anything  so  variable  and  personal 
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as  one's  philosophical  view  of  the  world;  and 
that  no  one  should  pledge  his  intellectual  future 
by  subscribing  to-day  to  a  creed  which  to- 
morrow he  may  outgrow.  What  a  man  thinks 
is  the  result  of  what  he  is  —  the  outcome,  there- 
fore, of  his  action,  his  experience,  his  effort  and 
his  love,  far  more  than  it  is  the  outcome  of 
his  deliberate  thought  and  accumulated  knowl- 
edge. This  position  differed  from  that  of  the 
Comtian  Positivists  because  theirs  assumed  a 
final,  definite,  and  in  some  respects,  very  nega- 
tive philosophy.  The  new  movement  allowed 
for  the  greatest  individual  differences  in  men's 
philosophical  interpretation  of  life,  save  in  the 
one  tenet  that  all  must  acknowledge  the  sacred 
obligation  imposed  by  man's  moral  nature  to 
live  the  good  life  and  to  follow  without  swerv- 
ing the  dictates  of  duty  according  to  the  best 
light  that  is  in  each. 

On  the  basis  of  this  moral  earnestness  and 
this  attitude  of  moral  resolve  men  may  safely 
and  hopefully  work  backward  into  a  philosophy 
and  forward  into  a  faith.  Their  philosophy  and 
their  theory  of  moral  sanction  may  be  what  it 
will,  theistic  or  pantheistic,  materialistic  or  ideal- 
istic; it  may  or  may  not  issue  in  a  faith  in 
immortality,  conditional  or  absolute.  This  is  a 
personal  concern,  and  the  statements  on  such 
matters  frequently  made  by  the  leaders  of 
ethical  societies  who  differ  much  in  their 
philosophies,  are  merely  expressions  of  personal 
conviction,  and  not  made  as  in  any  way  com- 
mitting the  societies.  This  is  to  make  a  clear 
distinction  between  the  private  and  the  public 
factors  of  religious  belief;  and  to  find  as  the 
only  possible  basis  for  religious  union,  for 
those  who  would  jealously  guard  their  intel- 
lectual integrity,  a  moral  aim  by  which  any 
man  should  be  ashamed  not  to  be  bound. 

The  ethical  movement  has  been  criticized 
as  lacking  in  imaginative  color  and  appeal,  and 
therefore  unlikely  to  spread  among  the  masses 
of  the  people.  Perhaps  Emerson  was  right  in 
emphasizing  the  austerities  of  the  new  religion 
in  its  early  protestant  phases.  But  at  heart  it 
is  genial  and  passionately  human.  It  has  noth- 
ing sensationally  novel  to  offer;  it  does  not 
compete  with  picturesque  claimants  like  Theos- 
ophy,  Christian  Science,  Vcdantism,  etc.,  and 
it  may  be  a  fact  that  "plain  goodness,*  "mere 
morality,*  *the  beauty  of  holiness,*  will  not  yet 
draw  many  with  their  old-new  evangel.  And 
yet  one  finds  among  its  adherents  nothing  less 
than  a  new  type  of  the  religious  temperament, 
voicing  a  new  imaginative  sense  of  the  hidden 
mysteries  and  wonders  of  the  moral  personality, 
the  new  unrevcaled  heights  and  depths  of  the 
moral  life,  the  unrealized  joyousness  of  devo- 
tion to  duty  and  to  service. 

Pehctval  Chubb, 
Leader  of  the  Ethical  Society  of  Saint  Louis. 
ETHICS  (from  Gr.  f/6tK&,  having  to  do  with 
conduct,  from  nB«~,  character,  lengthened  form 
of  ido- ,  custom,  manners;  cf.  morals,  from 
Latin,  mos  mores,  customs),  that  branch  of 
the  theory  of  conduct  which  is  concerned  with 
the  formation  and  use  of  judgments  of  right 
and  wrong,  and  with  intellectual  emotional,  and 
executive,  or  overt,  phenomena,  which  arc  as- 
sociated with  such  judgments,  either  as  ante- 
cedents or  consequents.  As  a  branch  of  the 
theory  of  conduct,  it  is  gencrically  akin  to 
the  sciences  of  jurisprudence,  politics  and  eco- 


nomics; but  it  is  marked  off  from  such  sciences 
in  that  it  considers  the  common  subject  matter 
of  human  conduct  from  the  standpoint  of  light- 
ness and  wrongness.  Such  terms  as  good  and 
evil,  the  dutiful  or  obligatory,  might  be  used  in 
the  definition  as  substitutes  for  the  terms  "right* 
and  "wrong,*  but  good  and  evil  are  somewhat 
too  wide  in  scope,  including,  for  instance,  eco- 
nomic utilities,  commodities  and  satisfactions; 
while  duty  is  somewhat  too  narrow  an  idea, 
emphasizing  the  notion  of  control  at  the  ex- 
pense of  the  idea  of  the  good  and  desirable. 
"Right"  and  "wrong*  designate  exactly  those 
phases  of  good  and  evil  to  which  the  idea  of 
the  obligatory  is  also  applicable.  The  terms 
moral  philosophy,  moral  science,  and  morals 
have  also  been  used  to  designate  the  same  sub- 
ject of  inquiry. 

In  its  historical  development,  ethics  has  been 
regarded  as  a  branch  of  philosophy,  as  a  science, 
and  as  an  art  —  often  as  a  composite  of  two  or 
all  of  these  in  varying  proportions.  As  a 
branch  of  philosophy,  it  is  the  business  of  ethics 
to  investigate  the  nature  and  reality  of  certain 
conceptions  in  connection  with  fundamental 
theories  of  the  universe.  It  is  the  theory  of 
reality  in  its  moral  aspect.  The  term  good  is 
taken  to  denote  or  describe  a  property  of  ulti- 
mate and  absolute  being.  As  such,  it  is  usually 
co-ordinated  with  two  other  fundamental  prop- 
erties of  reality,  the  true  and  the  beautiful ;  and 
the  three  philosophic  disciplines  are  defined  as 
ethics,  logic  and  aesthetics.  Even  when  so 
much  emphasis  is  not  thrown  upon  the  place  of 
the  good  in  the  general  scheme  of  the  universe, 
ethics  may  still  be  regarded  as  a  branch  of 
philosophy,  because  concerned  with  the  ideal, 
with  what  ought  to  be,  or  with  what  is  abso- 
lutely desirable,  as  distinct  from  the  actual,  the 
existent,  the  phenomenal.  From  this  point  of 
view,  ethics  is  regarded  as  normative  in  char- 
acter, that  is,  concerned  with  establishing  and 
justifying  certain  ultimate  norms,  standards 
and  rules  of  action. 

In  contrast  with  such  functions,  ethics  as 
a  science  is  concerned  with  collecting,  describ- 
ing, explaining  and  classifying  the  facts  of 
experience  in  which  judgments  of  right  and 
w  rong  are  actually  embodied  or  to  which  they 
apply.  It  is  subdivided  into  social,  or  socio- 
logical, ethics,  and  individual,  or  psychological, 
ethics,  (a)  The  former  deals  with  the  habits, 
practices,  ideas,  beliefs,  expectations,  institu- 
tions, etc.,  actually  found  in  history  or  in  con- 
temporary life,  in  different  races,  peoples, 
grades  of  culture,  etc.,  which  are  outgrowths 
of  judgments  of  the  moral  worth  of  actions  or 
which  operate  as  causes  in  developing  such 
judgments.  Up  to  the  present,  social  ethics  has 
heen  developed  mainly  in  connection,  ( 1 )  with 
discussion  of  the  evolution  of  morality,  cither 
by  itself  or  in  connection  with  institutions  of 
law  and  judicial  procedure,  or  of  religious  cult 
and  rite ;  or  (2)  with  problems  of  contemporary 
social  life,  particularly  with  questions  of  philan- 
thropy, penology,  legislation,  regarding  divorce, 
the  family  and  industrial  reform  —  such  as 
child-labor,  etc.  In  both  aspects  it  is  closely 
connected  with  the  science  of  sociology.  It  is 
sometimes  called  inductive,  or  in  its  second  as- 
pect, applied  ethics,  (b)  Psychological  ethics 
is  concerned  with  tracing  in  the  individual  the 
origin  and  growth  of  the  moral  consciousness, 
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that  is,  of  judgments  of  right  and  wrong,  feel- 
ings of  obligation,  emotions  of  remorse,  shame, 
of  desire  for  approbation ;  of  the  various  habits 
of  action  which  arc  in  accord  with  the  judg- 
ment of  right,  or  the  virtues;  with  the  possi- 
bility and  nature,  from  the  standpoint  of  the 
psychical  structure  of  the  individual,  of  free, 
or  voluntary,  action.  It  gathers  and  organizes 
psychological  data  bearing  upon  the  nature  of 
intention  and  motive ;  desire,  effort  and  choice ; 
judgments  of  approbation  and  disapprobation ; 
emotions  of  sympathy,  pity  in  relation  to  the 
impulse  of  self-preservation  and  the  formation 
and  reformation  of  habit  in  its  effect  upon 
character,  etc.  In  other  words,  it  treats  be- 
havior as  an  expression  of  certain  psychical 
elements  and  groupings,  or  associations:  psy- 
chological analysis. 

"Ethics  as  an  art  is  concerned  with  discover- 
ing and  formulating  rules  of  acting  in  accord- 
ance with  which  men  may  attain  their  end. 
These  rules  may  be  considered  as  of  the  nature 
cither  of  injunctions  or  commands,  which  pre- 
scribe as  well  as  instruct;  or  as  technical 
formulae  which  indicate  to  the  individual  the 
best  way  of  proceeding  toward  a  desired  result, 
thus  not  different  in  land  from  rules  of  paint- 
ing, or  of  carpentry.  Which  view  is  taken 
depends  usually  upon  the  kind  of  philosophy 
with  which  ethics  as  an  art  is  associated.  Ethics 
as  an  art  may  also  be  an  outgrowth  of  either 
a  general  philosophy  of  conduct,  or  of  a  scien- 
tific analysis  of  it.  Thus,  from  the  philosophic 
point  of  view,  a  recent  writer,  Sorley,  in  the 
Dictionary  of  Philosophy  and  Psychology  (Vol. 
I,  p.  346,  1902).  says  of  ethics:  «It  has  to  do 
not  merely  with  actual  conduct,  but  with  right 
or  good  conduct,  and  accordingly  with  an  ideal 
from  which  rules  may  be  laid  down  for  actual 
conduct*  It  is  clear  that  the  philosophical 
establishment  of  the  ideal  is  considered  to 
terminate  in  rules  for  its  attainment.  On  the 
other  hand,  Jeremy  Bentham  in  his  'Principles 
of  Legislation*  (1789),  having  before  insisted 
that  ethics  is  a  science  whose  truths  are  to  be 
discovered  'only  by  investigations  as  severe  as 
mathematical  ones,  and  beyond  all  comparison 
more  intricate  and  extensive,*  goes  on  to  define 
ethics  "as  the  art  of  directing  men's  actions  to 
the  production  of  the  greatest  possible  quantity 
of  happiness,"  and  says  it  is  the  business  of 
private  ethics  "to  instruct  each  individual  in 
what  manner  to  govern  his  own  conduct  in  the 
details  of  life.*  Thus  as  an  art  ethics  may  be 
grounded  upon  either  a  philosophy  or  a  science. 

As  may  readily  be  inferred  from  the  above 
account,  some  of  the  most  serious  problems  of 
ethics  at  present  are  concerned  with  defining 
and  delimiting  its  own  scope,  basis  and  aims. 
From  a  purely  abstract  point  of  view,  all  three 
conceptions  can  exist  harmoniously  side  by  side. 
It  is  possible  theoretically  to  regard  certain 
topics  as  assigned  to  ethics  as  a  branch  of 
philosophy,  others  to  its  scientific  phase,  and 
others  to  the  practical,  or  to  ethics  as  an  art. 
But  no  consensus  as  to  these  various  possible 
assignments  exists.  Usually  those  who  insist 
that  ethics  is  a  branch  of  philosophy  deny  that 
it  can  be  anything  else ;  they  deny  that  any 
descriptive  and  explanatory  account  of  actual, 
as  distinct  from  ideal,  conduct,  deserves  the 
name  of  ethics.  What  we  have  above  treated 
as  belonging  to  the  science  of  ethics  is  by  them 
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treated  as  really  a  matter  of  history,  sociology 
and  psychology,  not  of  ethics  proper  at  all. 
Thus  Green,  'Prolegomena  to  Ethics*  (1883), 
begins  by  attempting  to  prove  that  a  natural 
science  of  ethics  is  inherently  impossible,  be- 
cause moral  conduct  by  its  nature  implies  an 
ideal  that  transcends  actual  conduct  which 
alone  can  be  made  a  matter  of  observation  and 
experiment,  and  sets  up  an  obligation  which  in 
its  absoluteness  transcends  all  the  sanctions  of 
experience.  On  the  other  hand,  those  who  have 
occupied  themselves  with  the  scientific  analysis 
of  moral  behavior  and  character,  have  usually 
denied  the  legitimacy  of  the  philosophic  aspect. 
Thus  Bentham  expressly  regards  all  philosophi- 
cal inquiries  as  doomed  to  result  in  sterility,  in 
mere  dogmatic  personal  assertions,  or,  as  he 
calls  them,  "ipse  dixits*  A  more  recent  writer, 
Leslie  Stephen,  'Science  of  Ethics'  (1882), 
without  absolutely  denying  the  possibility  in  the 
remote  future  of  a  metaphysics  of  conduct, 
says  that  the  metaphysical  view  is  entirely  ir- 
relevant to  a  scientific  treatment.  Along  with 
this  uncertainty  as  to  the  defining  aim  and 
characteristic  methods  of  ethics,  are  naturally 
found  a  large  number  of  subordinate  and 
secondary  controversies  and  divisions  of  opinion. 

As  a  matter  of  fact,  however,  in  every  his- 
torical period  there  have  been  found  in  ethical 
theories  some  connection  with  general  philo- 
sophic thought,  and  with  the  data  of  behavior 
exhibited  in  experience  (or  the  scientific  aspect) 
and  with  the  further  direction  and  conduct 
of  life  —  the  practical  aspect.  Historically,  ethics 
has  passed  through  three  epochs:  (1)  the 
Grarco- Roman ;  (2)  the  Patristic-Mediaeval; 
(3)  the  Early  Modern ;  terminating  with  say 
the  French  Revolution,  and  may  now  be  re- 
garded as  having  entered  upon  a  fourth  stage. 
In  each  period,  a  certain  practical  interest  is 
uppermost  in  social  life  and  this  interest  serves 
to  concentrate  and  direct  attention  toward 
certain  relevant  theoretic  problems.  An  ade- 
quate account  of  ethical  thought  accordingly  is 
possible  only  in  connection  with  the  larger 
civilization  and  culture  of  which  it  is  a  part. 
Brief  characterizations  of  the  main  problem  of 
each  epoch  in  its  wider  social  tendencies  will 
serve,  however,  to  point  out  (a)  the  philosophic, 
(b)  the  scientific,  (c)  the  practical  centre  of 
ethics  in  each  period. 

The  Gneco-Roman  period  was  characterized 
by  the  disintegration  of  local  custom,  tradition 
and  institution,  civil  and  religious,  coincident 
with  the  spread  of  cosmopolitan  learning  and  the 
formation  of  an  inclusive  political  organization 
taking  effect  in  both  legislation  and  administra- 
tion —  Greek  culture  and  the  Roman  empire. 
With  the  disintegration  of  the  habits  and  modes 
of  life  which  had  previously  defined  the  sphere 
of  legitimate  individual  satisfaction,  and  which 
supplied  the  sanctions  of  the  moral  life,  there 
was  necessarily  coincident  an  inquiry  which 
attempted  to  establish  through  reflection  ade- 
quate substitutes  for  the  waning  institutional 
modes  of  control.  One  of  the  results  of  modern 
historical  science  is  the  proof  of  the  extent  and 
stringency  of  the  force  of  custom  in  early  life. 
It  is  custom  which  defines  the  morally  right  and 
obligatory,  and  it  is  custom  which  enforces  its 
own  demands.  In  it  are  bound  together  morals, 
law  and  religion,  and  all  are  bound  into  the 
very  life  of  the  people,  emotional  and  intellectual, 
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as  well  as  practical.  Where  custom  rules,  moral 
theory  is  unnecessary  and  indeed  impossible.  In 
the  6th  and  5th  centuries  before  Christ,  this 
regime  of  custom  was  irretrievably  shaken  in 
the  Greek  world,  and  with  a  twofold  result 
upon  morals.  Many  thought  that  all  sanctions 
for  morality  had  disappeared,  or  at  least  lost 
validity,  and  that  pure  individualism  in  thought 
and  conduct  —  tempered  at  best  only  by  some 
judicious  regard  to  consequences  —  was  the 
proper  outcome.  Others,  prevented  by  what 
they  regarded  as  the  low  moral  standards  of 
customary  morality  from  coming  to  its  defense, 
were  also  shocked  by  the  demoralization  attend- 
ant upon  ethical  individualism,  and  set  to  work 
to  discover  a  universal  and  unassailable  basis 
for  a  higher  type  of  ideal  morality.  In  this 
conflict,  ethical  theory  was  born. 

The  Graeco-Roman  Period  (6th  century  b.c. 
to  5th  century  a.d.) — The  controversy  origi- 
nated in  a  discussion  as  to  whether  morality  ex- 
ists by  convention  (v6/uj),  by  arbitrary  enact- 
ment lMatl)t  or  in  reality,  that  is  (in  the  ter- 
minology of  the  time),  "by  nature* 
or  in  the  nature  of  things.  Some  of  the  Sophists 
taught  that  morality  was  a  creature  of  the 
efforts  of  the  rulers  of  a  community,  being  a 
device  on  their  part  to  keep  others  in  subjection 
for  the  better  indulgence  of  their  own  desires  — 
much  as  many  of  die  "free-thinkers*  of  the  18th 
century  (in  many  respects  the  modern  con- 
geners of  the  Sophists)  taught  that  religion  was 
an  invention  of  state-craft  and  priest-craft. 
Others  taught  that  it  was  a  product  of  social 
agreement  or  institution.  Some  of  the  nobler 
Sophists  (like  Protagoras,  see  the  Platonic 
dialogue  of  the  same  name)  interpreted  this  as 
praise  of  the  state  of  civilization  and  culture  as 
against  the  raw,  crude  state  of  nature,  while 
others  taught  that  it  was  merely  a  conventional 
means  to  personal  satisfaction,  and  hence  had 
no  binding  force  when  short-cuts  to  happiness 
were  available.  In  the  meantime  the  actual 
moral  discipline  of  the  Greek  city-state  was 
much  relaxed,  partly  because  of  the  intermi- 
nable dissensions  of  party  strife,  and  partly  be- 
cause the  religious  beliefs  which  were  the  foun- 
dation of  civic  life  were  fast  becoming  incredi- 
ble. Socrates  (about  470  B.C.-399  B.C. )  was  ap- 
parently the  first  to  undertake  a  positive  and 
constructive  analysis  of  moral  ideas.  He  made 
the  following  contributions:  (1)  All  things 
have  to  be  considered  with  reference  to  their 
end,  which  indeed  constitutes  their  real 
"nature" ;  the  end  of  each  thing  is  its  good. 
Man  must  therefore  have  his  own  end,  or  good; 
this  is  real  and  inherent,  not  conventional  nor 
the  product  of  law.  (2)  To  know  is  to  grasp 
the  essential,  real  being  of  a  thing  — its 
•nature,"  or  end;  "know  thyself*  is  the  essence 
of  morality;  it  means  that  man  must  base  his 
activity  upon  comprehension  of  the  true  end  of 
his  own  being.  All  evil  is  really  involuntary, 
based  on  ignorance  or  misconception  of  man's 
true  good.  To  be  ignorant  of  the  good  is  the 
one  disgrace.  If  a  man  does  not  know  it  — 
and  Socrates  professed  that  he  did  not  —  he  can 
at  least  devote  himself  seriously  to  inquiring,  to 
the  effort  to  learn.  If  not  wise  (a  sophist)  he 
can  at  least  be  a  lover  of  wisdom  (a  philoso- 
pher). And  until  he  attains  knowledge,  the  in- 
dividual will  be  loyal  to  the  responsibilities  of 
his  own  civic  life. 

The  two  conceptions  of  the  good  as  some- 


how the  fulfilment  of  man's  true  nature  or 
reality,  and  as  attainable  only  under  conditions 
of  rational  insight  are  the  bases  of  all  later 
Greek  thought  Opinions  differed  to  what  man's 
end  is,  and  as  to  the  character  of  true  knowl- 
edge of  it.  The  extreme  division  was  between 
the  Cynic  school,  the  forerunner  of  the  Stoics, 
founded  by  Antisthenes  (about  444  b.c-369 
B.c),  and  the  Cyrenaic  (the  precursor  of  Epi- 
cureanism, founded  by  Aristippus  (about  435 
B.C-360  B.c).  The  former  taught  that  virtue, 
manifested  in  temperance  or  self-control,  is  the 
one  and  only  good,  pleasure  as  an  end  being 
evil,  and  that  it  is  known  by  pure  reason.  The 
latter  taught  that  pleasure,  known  only  in  feel- 
ing (the  sensation  of  a  gentle  and  continuous 
change)  is  the  good.  The  wise  man  of  Socrates 
is  he  who  knows  this  moderate  and  enduring 
pleasure  and  is  not  captured  by  sudden  and  vio- 
lent passion.  Both  schools  take  a  somewhat 
antagonistic  attitude  toward  the  state;  the  Cynic 
emphasizing  the  superiority  of  the  sage  to  gov- 
ernment and  authority,  well  illustrated  in  the 
anecdotes  of  Diogenes  and  Alexander  the 
Great ;  the  Cyrenaic  holding  that  the  pleasures 
of  friendship  and  social  companionship  of 
the  congenial  are  superior  to  those  of  partici- 
pation in  public  life.  These  schools  thus  set 
two  of  the  fundamental  problems  of  subsequent 
ethical  theory,  namely,  the  nature  of  the  good, 
and  the  nature  of  knowledge  of  it;  and  supplied 
the  framework  of  later  schools  of  thought 
Those  who  hold  that  pleasure  is  the  good  are 
termed  Hedonists  (Gr.  ii&ovii,  pleasure)  ;  those 
who  held  to  its  residence  in  the  virtuous  will 
Perfectionists,  or  (with  certain  qualifications 
added)  Rigorists.  Those  who  hold  that  it  is 
known  through  reason  are  Intuitionalists,  the 
other  school,  Sensationalists  or  Empiricists. 

Plato  (q.v.)  (about  427  b.c-347  bx.)  at- 
tempted a  synthesis  of  the  conceptions  of  the 
two  schools  just  referred  to,  with  a  constructive 
program  of  social,  political  and  educational 
reform,  and  with  a  reinterpretati&n  of  earlier 
philosophic  theories  of  the  universe  and  of 
knowledge.  His  most  characteristic  doctrines 
are  (1)  the  generalization  of  the  Socratic  con- 
ception of  the  good  as  constituting  the  true 
essence  or  nature  of  man.  Under  the  influence 
of  philosophic  concepts  derived  from  a  variety 
of  sources,  Plato  conceived  man  as  essentially 
a  microcosm  j  as  the  universe  in  miniature. 
He  is  composed  of  a  certain  arrangement  of  the 
elements  of  reality  itself ;  hence  he  can  be  truly 
known  only  as  the  real  nature  of  the  universal 
reality  which  constitutes  him  is  known;  his  good 
is  ultimately  one  with  the  final  cause  or  good 
of  the  universe.  Thus  Plato  goes  even  farther 
than  Socrates  in  asserting  that  morality  is  by 
nature  —  it  is  by  the  nature  not  only  of  man 
but  of  absolute  reality  itself,  which  is  thus  given 
an  ethical  or  spiritual  interpretation.  Thus  he 
grounded  ethics  on  general  philosophic  concep- 
tions and  has  been  the  model  for  all  since  who 
have  distinctly  conceived  ethics  to  be  a  branch 
of  philosophy.  Moreover,  since  he  regards  the 
ultimate  good  of  the  universe  as  one  with  God 
and  as  the  animating  purpose  in  the  creation  of 
physical  nature,  he  brings  ethics  into  connection 
with  religion,  and  with  man's  relations  to  the 
world  about  him.  (2)  Plato  regarded  the  state 
in  its  true  or  ideal  form  as  the  best  embodiment 
or  expression  of  the  essential  nature  of  indi- 
vidual man ;  as  indeed  more  truly  man  than  any 
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one  individual.  In  its  true  organization,  it 
reflects  or  images  the  constitution  of  the  ultimate 
good.  Thus  Plato  brings  ethics  back  into  con- 
nection with  politics  as  the  theory  of  ideal  social 
organization.  Practically,  he  delineates  this 
state  in  outline  (especially  in  his  Republic,  and, 
with  greater  attention  to  feasible  detail  in  his 
Laws),  and  proposes  in  view  of  this  ideal  a 
specific  reform  of  the  existing  order,  instead  of 
disregard  of  it  as  with  Cynic  and  Cyrenaic 
(3)  He  sets  forth  a  scheme  of  the  good  as 
realizable  in  human  nature,  which  endeavors  to 
combine  the  one-sided  extremes  of  mere  pleas- 
ure and  mere  virtue.  He  conceives  the  good 
to  be  the  fulfilment  of  all  capacities,  facul- 
ties or  functions  of  human  nature,  the  fulfil- 
ment of  each  power  being  accompanied  with  its 
own  appropriate  pleasure,  and  all  being  ordered 
and  bound  together  in  a  harmonious  whole  by 
a  law  of  measure  or  proportion  which  assigns 
to  each  its  proper  place ;  at  the  head,  the  pleas- 
ure of  pure  knowledge ;  at  the  bottom,  the 
appetites;  between,  the  pleasures  of  the  nobler 
senses  (sight  and  hearing),  and  of  the  higher 
impulses  —  ambition,  honor,  etc.  The  right  func- 
tioning of  each  is  virtue;  its  product  is  pleasure. 
The  system  of  pleasures  according  to  virtue  is 
the  good.  Moreover,  he  specifies  four  cardinal 
virtues  which  result  —  wisdom,  the  knowledge 
of  the  good  or  organized  whole;  justice,  the  law 
of  proportion  or  measure;  courage,  the  asser- 
tion of  the  higher  tendencies  against  the  pleas- 
ures and  pains  arising  from  the  contemplation 
or  imagination  of  the  lower;  temperance,  the 
law  of  subordination  in  accordance  with  which 
each  lower  function  is  restrained  from  usurping 
the  place  of  the  higher.  Plato's  system  of  ethics 
remains  the  standard  of  ethical  theories  of  the 
"self -realization*  type. 

Aristotle  (q.v.)  (384  b.c-322  b.c)  gave  the 
philosophic  consideration  of  Plato  a  more 
scientific  and  empirical  turn  —  a  contrast,  how- 
ever, which  is  often  exaggerated.  He  protested 
against  the  identification  by  Plato  of  human  end 
or  good  with  that  of  the  universe,  and  conse- 
quently attached  less  importance  to  knowledge 
in  the  form  of  philosophic  insight,  and  more 
to  practical  insight  or  wisdom.  But,  in  the  main 
assuming  the  Platonic  basis,  he  carried  into 
detail  the  analysis  of  human  faculties  or  func- 
tions involved  in  conduct,  giving  a  careful 
analysis  of  desire,  pleasure  and  pain,  of  the 
various  modes  of  knowledge,  of  voluntary 
action  and  making  a  remarkable  analysis  of  the 
various  forms  of  virtue  and  vice  actually  cur- 
rent. In  a  word  he  emphasized  in  detail  psycho- 
logical and  social  aspects,  merely  sketched  by 
Plato.  On  the  social  side,  it  had  become  obvious 
that  the  comprehensive  scheme  of  reform  enter- 
tained by  Plato  was  impossible;  and  here,  also 
Aristotle  is  free  to  undertake  a  more  empirical 
description  and  analysis  of  various  forms  of 
(government  and  organization  in  their  moral 
bases  and  bearings.  When  in  the  12th  and  13th 
centuries  a  d.  the  works  of  Aristotle  were  again 
made  known  to  the  European  world,  first 
through  translations  from  the  Arabic  and  then 
from  the  Greek.  Aristotle's  ethics  became  em- 
bodied in  the  official  philosophy  of  the  Roman 
Catholic  Church,  especially  in  the  writings  of 
Saint  Thomas  Aquinas  (1225-74),  and  found 
literary  expression  in  the  Divine  Comedy  of 
Dante."  His  ethical  writings  have  more  pro- 
foundly affected  common  speech  and  thought 
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than  those  of  any  other  writer,  and  to  a  large 
extent  have  become  a  part  of  the  moral  com- 
mon-sense of  civilized  humanity. 

The  details  of  later  ethical  philosophy  in 
Greece  and  Rome  form  an  interesting  part  of 
the  history  of  ethics,  but,  with  one  exception, 
supply  no  new  idea  of  sufficient  importance  to 
need  mention  here.  The  exception  is  the  Stoic 
conception  of  virtue  as  "living  in  accordance 
with  nature,"  and  the  conception  of  the  "law 
with  nature*  which  grew  out  of  this.  This  idea, 
under  the  form  of  jus  naturale,  was  taken  up 
into  Roman  jurisprudence,  and  became  the  ideal 
of  a  common  moral  law  which  underlies  all  dif- 
ferences of  positive  municipal  law,  and  which, 
accordingly,  forms  an  ethical  standard  by  which 
positive  law  can  be  tried,  and  its  diversities  re- 
duced to  a  common  denominator.  It  reappeared 
in  the  Middle  Ages  in  the  form  of  the  natural 
law  (as  distinct  from  revealed  or  supernatural 
law),  written  on  the  "fleshly  tablets  of  the 
heart,*  and  was  thus  indirectly  influential  in 
forming  the  still  current  notion  of  conscience 
as  a  moral  legislative  force.  It  came  out  in 
continental  ethical  thought  of  the  17th  and  18th 
centuries  in  the  conception  of  moral  law  as 
something  analogous  to  a  system  of  mathemati- 
cal axioms,  definitions  and  demonstrations,  dis- 
coverable by  reason,  and  forming  the  frame- 
work of  both  individual  and  political  ethics. 

Patristic  Mediaeval  Perioa  (5th  to  15th  cen- 
turies A.n.) — The  second  period  of  ethical  his- 
tory is  characterized  by  the  subordination  of 
ethics,  as  a  branch  of  philosophy,  to  theology. 
The  distinctive  features  contributed  in  this 
period  to  subsequent  ethics  are  the  emphasis 
laid  upon  ideas  of  law,  authority,  obligation  or 
duty,  and  merit  or  demerit,  namely,  the  good 
as  religious  salvation  involving  a  knowledge 
and  love  of  God  as  supreme  perfection,  possible 
only  in  the  next  world;  and  evil  as  sin,  guilt 
also  needing  supernatural  expiation.  Because 
of  the  emphasis  upon  law  and  authority,  moral 
ideas  are  largely  assimilated  to  forensic  and  ju- 
ridical conceptions.  Most  significant,  however 
for  ethical  theory  is  the  transfer  of  theoretical 
interest  from  the  conception  of  the  good,  the 
central  idea  of  ancient  ethics,  to  that  of  obliga- 
tion. Not  the  natural  end  of  man,  but  the  duty 
of  absolute  submission  of  will  to  transcendent 
moral  authority  was  the  keynote.  And  even 
when  ethics  was  freed  from  subservience  to 
theology,  it  still  remained  carier  for  the  modern 
mind  to  conceive  of  morality  in  terms  of  the 
nature  and  authority  of  duty  than  as  the  process 
of  realizing  the  good.  On  the  more  concrete, 
empirical  side,  the  great  contribution  of  me- 
dieval theory  was  in  depicting  the  moral  drama, 
the  struggle  of  good  and  evil,  as  it  goes  on  in 
the  individual  soul.  The  fact  that  this  was 
fraught  with  significance  for  an  endless  future 
life  made  it  a  subject  of  anxious  and  minute 
attention ;  and  here,  too,  even  when  the  moral 
region  was  later  marked  off  more  or  less 
definitely  from  the  religious,  modern  thought 
owes  its  consciousness  of  the  subtle  perplexities, 
temptations  and  shades  of  moral  effort  and  issue 
to  mediaeval  rather  than  to  ancient  ethics. 

Early  Modern  Period  (The  Reformation  to 
the  French  Revolution). —  The  complexity  and 
variety  of  moral  theory  and  inquiry  since  the 
15th  century',  as  well  as  its  relative  nearness, 
make  it  difficult  to  secure  the  perspective  neces- 
sary to  its  proper  characterization.    It  is  all 
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more  or  less  connected,  however,  with  the  strug- 
gle toward  greater  individual  freedom,  and  with 
the  problem  of  maintaining  a  stable  associated 
and  institutional  life,  on  the  basis  of  recog- 
nition of  individuality  —  the  democratic  move- 
ment. In  its  earliest  period,  modern  ethics  was 
largely  characterized  by  reaction  against  scho- 
lasticism ;  it  was  an  effort  to  secure  a  basis  for 
ethics  free  from  subordination  to  theology  and 
to  mediarval  philosophy,  and  the  schoolmen's 
versions  of  Aristotle.  Moreover  so  much  of 
energy  was  expended  in  the  practical  effort  to 
get  freedom  of  thought,  of  political  action,  of 
religious  creed,  of  commercial  life,  that  moral 
theory  turned  largely  upon  detailed  questions 
arising  out  of  the  practical  struggle.  This  ac- 
counts to  a  considerable  extent  for  the  scat- 
tered, fragmentary  condition  of  modern  ethics  as 
compared  with  the  systematic  character  of 
either  Greek  or  mediaeval  thought.  Moreover, 
the  very  gaining  of  intellectual  freedom  of  in- 
quiry opened  up  countless  fields  of  interest. 
Ethical  problems  sprang  into  existence  at  every 
turn;  every  new  movement  in  industry,  in  poli- 
tics, national  and  international,  and  in  art, 
brought  with  it  a  new  ethical  problem.  Social 
life  was  itself  undergoing  such  rapid  change 
and  in  such  tentative,  uncertain  ways,  that  each 
of  these  problems  had  to  be  attacked  independ- 
ently. The  result  is  a  critical  controversial  and 
individualistic,  rather  than  a  constructive  and 
systematized  ethics  — with  the  advantage,  how- 
ever, of  remarkable  richness  in  detail. 

Continental  ethics  followed  the  prevailing 
philosophic  method  of  rationalism ;  the  attempt 
to  build  up  a  theory  of  conduct,  individual  and 
social,  on  the  basis  of  pure  reason,  independent 
of  revelation  of  ecclesiastic  authority,  or  positive 
institutions.  While  the  method  was  a  priori  in 
name,  as  matter  of  fact  it  drew  largely  upon 
the  inheritance  of  generalized  Roman  law,  at- 
tempting to  harmonize  and  purify  it  in  accord- 
ance with  ideals  of  unity  and  comprehensiveness 
which  were  supposed  to  represent  the  demands 
of  reason.  Grotius  (1583-1645)  was  the  founder 
of  this  movement,  and,  in  his  De  Jure  Belli  et 
Pacts,  used  the  idea  of  law  which  is  founded 
upon  man's  rational  nature,  which  in  turn  is 
inherently  social,  to  place  international  relations 
of  comity,  commerce  and  war  upon  a  more  hu- 
mane and  enlightened  basis.  His  German  suc- 
cessors, Puffendorf  (1632-94),  Leibnitz  (1646- 
1716),  Thomasius  (1655-1728),  Wolff  (1679- 
1754),  carried  on  with  greater  critical  acumen 
and  more  adequate  philosophic  instruments,  the 
same  work,  and  finally  developed  a  complete 
system  of  rights  and  duties  (called  Naturrecht 
after  Jus  Xaturalc)  applicable  to  all  spheres  of 
private,  domestic,  civil,  political  and  interna- 
tional life  -  -a  code  of  morals,  positive  in  effect, 
but  supposed  all  to  be  drawn  deductively  from 
rational  first  principles.  Upon  the  whole,  the 
influence  of  German  ethical  rationalism  was 
conservative;  the  result  in  fundamentals  was  the 
justification  of  the  existing  social  order,  purged 
of  inconsistencies  and  reformed  of  abuses  in 
detail.  French  rationalism  took  a  different  turn. 
It  attempted  a  synthesis  of  the  more  basal 
notions  of  the  newly  arisen  physical  science  with 
psychological  ideas  Iwrmwcd  from  Locke  and 
his  English  successors.  It  was  rationalistic  not 
so  much  in  attempting  to  deduce  an  ethical 
system  from  the  conceptions  of  reason,  as  in 
subjecting  the  existing  order  of  belief  and  insti- 


tutions to  unsparing  criticism  as  anti-scientific. 
In  its  extreme  forms  it  seemed  to  demand  an 
abrogation  of  existing  institutions,  the  erection 
of  the  same  tabula  rasa  in  social  matters,  that 
Descartes  had  postulated  in  intellectual,  and  a 
creation  de  novo,  by  sheer  voluntary  action,  of 
a  new  social  order,  aiming  at  universal  happi- 
ness. Reason  gives  an  ideal  of  society  in  which 
all  men  shall  be  free  and  equal,  and  in  which 
economic  want  and  misery  shall  be  abolished, 
and  a  widely  diffused  intelligence  and  wealth 
shall  be  instituted  Pessimistic  to  the  extreme 
as  regards  the  existing  order,  it  was  equally 
optimistic  as  to  the  possibilities  of  social  or- 
ganization, culminating  in  the  conception  of  the 
infinitely  progressive  perfectibility  of  human 
nature;  thus  Helvcuus,  1715-71  (De  l'esprit, 
1758;  De  l'Homme  published  1773);  Diderot 
(1713-84);  Condillac  (1715-80);  D'Holbach 
(1723-89),  especially  'Systeme  Social1  (1773); 
Condorcet  (1743-94).  While  German  ethics 
had  emphasized  the  conception  of  natural 
law  which  is  social  in  nature,  French  thought 
culminated  in  a  deification  of  natural  rights 
which  are  individual  in  their  import  and  loca- 
tion. Certain  characteristic  features  of  not  only 
the  French  Revolution  but  of  the  thought  of 
American  publicists  in  the  latter  half  of  the 
18th  century  are  directly  traceable  to  this 
influence. 

English  ethical  theory  received  its  impetus 
from  Hobbes  (1588-1679).  He  begins  with  an 
analysis  of  the  make-up  of  the  individual,  and 
resolves  the  latter  into  a  bundle  of  egotistic  im- 
pulses, all  aiming  at  unrestricted  satisfaction. 
He  denies  the  existence  of  any  inherent  social 
tendency,  or  of  anything  "rational"  in  the  in- 
dividual save  as  deliberation  may  be  involved  in 
the  individual's  efforts  after  satisfaction.  The 
social  counterpart  ofthis  unlimited  individualism 
is  chaos,  anarchy,  conflict  —  the  war  of  all 
against  all.  Hence  the  individual's  quest  for 
happiness  is  self-contradictory.  It  is  possible 
of  fruition  only  within  the  state  of  absolute 
power  which  prescribes  to  each  individual  the 
proper  sphere  of  the  exercise  of  his  powers. 
The  state  is  thus  the  author  and  sanction  of  all 
moral  distinctions  and  obligations.  The  au- 
thority of  this  state  with  respect  to  individuals 
is  absolute;  since  the  source  of  moral  law,  it 
cannot  be  subject  to  anything  beyond  itself. 
There  are  thus  three  strains  in  Hobbes'  teaching. 
The  psychological,  which  teaches  pure  egotism 
and  hedonism;  the  ethical,  which  makes  the 
state  the  source  of  moral  values  and  relations; 
the  political,  which  makes  its  authority  un- 
limited. Each  strain  evoked  profound  and  in- 
stant reaction.  John  Locke  (1632-1704)  taught 
that  the  individual  has  a  natural  right  to  a  life 
of  personal  security,  possession  of  property  and 
social  activity,  subject  only  to  limits  of  the 
similar  rights  of  others,  and  that  the  state 
comes  into  existence  to  protect  and  secure  these 
rights  by  settling  cases  of  dispute  or  aggression, 
and  hence  is  null  and  void  when  it  goes  beyond 
this  province  and  encroaches  upon  individual 
rights.  A  succession  of  writers,  notablv  Staftes- 
burv  (1671-1713)  ;  Hutcheson  (1694-1747)  ;  But- 
ler '( 1602-1752) )  ;  Adam  Smith  (1723-90),  un- 
dertook a  re-analysis  of  human  nature,  and 
endeavored  to  justify  the  presence  of  disin- 
terested benevolent  impulses,  of  tendencies  to 
regard  the  welfare  of  others.  Cudworth  (1617- 
88);    More    (1614-S7)  ;    Cumberland  (1632- 
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1718);  Clarke  (1675-1729);  Price  (1723-91) 
took  up  the  question  of  the  origin  of  moral  dis- 
tinctions, and  tried  to  show  that  they  were  based 
not  in  the  state  but  in  immutable  laws  of  reason, 
or  upon  a  science  as  abstract  and  certain  as 
mathematics ;  or  else  were  made  known  in  in- 
tuition, etc.    But  during  these  inquiries,  new 
problems  came  to  light,  and  led  to  a  rearrange- 
ment of  forces.    These  problems  were  (1)  the 
relation  of  happiness  —  the  expression  of  the 
self-seeking  tendencies  of  man  —  to  virtue,  the 
expression  of  his  benevolent  tendencies; (2)  the 
nature  of  the  test  or  standard  of  right  and 
wrong;  (3)  the  nature  of  moral  knowledge. 
The  first  problem  led  in  Butler  to  the  attempt 
to  introduce  "conscience"  as  a  third  and  bal- 
ancing authoritative  factor  in  human  nature; 
and   in    Smith   and    Hume    (1711-76)    to  a 
peculiarly  rich  and  significant  theory  of  sym- 
pathy as  a  central  principle  throvigh  which  dis- 
tinctively moral  sentiments  arc  generated  and 
whose  exercise  is  intimately  bound  up  with 
individual   happiness.    The  second  and  third 
problems  taken  together  lead  to  the  conflict  of 
utilitarianism   and   intuitionalism,   the  former 
holding  that  conduciveness  to  the  maximum  of 
possible  happiness  is  the  standard  of  right,  the 
basis  of  obligation,  and  the  source  of  all  moral 
rules;  this  conduciveness  to  be  determined  by 
actual  experience ;  the  hitter  holding  that  there 
are  moral   values,  which  arc  inherently  and 
absolutely   such,   without   reference   to  conse- 
quences.   Each  school  has  a  theological  and 
a  non-theological  variety.    Among  theological 
utilitarians  are  prominent  :  Gay  (1686-1761),  and 
Palcy  (1743-1805);  among  the  non-theological 
Jeremy  Bentham  (1748-1842)  outranks  all  the 
others.    Without  adding  much  that  is  funda- 
mentally new  to  the  theoretical  analysis,  he 
makes  an  analysis  of  happiness  in  connection 
with  a  discussion  of  the  various  impulses  (or 
motives  as  he  termed  them)  of  human  nature 
the  basis  of  a  thorough-going  scheme  of  judi- 
cial and  penal  reform.    Through  him  utili- 
tarianism became  the  most  potent  instrument  of 
the  first  half  of  the  19th  century  of  social 
reform ;  conduciveness  to  general  and  equally 
distributed  happiness  being  the  test  by  which 
all  customs,  traditions  and  institutions  were 
tried  —  and  by  which  most  of  them  in  their  ex- 
istent forms  were  condemned. 
'  Recent  Modern.   (From  the  French  Revolu- 
tion.)—  The  last  20  years  of  the  18th  century 
signalize   a   turning  point   in   the  history  of 
thought.   Bcntham's  and  Kant's  chief  works  are 
dated  in  this  period.    The  French  Revolution, 
carrying  into  effect  the  naturalistic  rationalism 
and  its  optimistic  faith  in  the  possibilities  of  the 
individual,  compelled  a  reconsideration  of  the 
intellectual  premises  from  which  it  set  forth. 
The  problem  of  19th  century  ethics  was  to  get 
back  from  the  individual  to  the  social  whole 
which  includes  him  and  within  which  he  func- 
tions ;  but  to  do  this  in  a  way  which  should 
take  due  account  of  the  deepened  significance 
given  to  individual  initiative  and  freedom  — 
without,  that  is.  a  return  to  pure-  institutional- 
ism,  or  to  arbitrary  external  authority.  The 
following  schools  or  main  tendencies  are  easily 
distinguishable : 

(a)  English  Liberalism. —  In  Bentham.  utili- 
tarianism, as  we  have  seen,  became  a  program 
of  social  reform.    The  attempt  to  stretch  an  in- 
dividualistic hedonism  which  taught  that  the 
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end  of  desire  is  always  the  agent's  own  pleasure 
into  a  theory  which  taught  that  the  individual 
should  always  judge  his  motives  and  acts  from 
the  standpoint  of  their  bearing  upon  the  happi- 
ness of  all  beings,  brought  out  all  the  weaknesses 
of  the  theory.  James  Mill  (q.v.)  (1773-1836) 
strove  valiantly  to  overcome  these  weaknesses 
by  a  systematic  use  of  the  principle  of  associa- 
tion, in  virtue  of  which  individual  states  be- 
come indissolubly  connected,  through  punish- 
ment or  commerce,  with  the  welfare  of  others 
-  the  theory  of  "enlightened  selfishness,"  for 
which  Hartley  (1705-57)  had  previously  pro- 
vided the  psychological  machinery.  I  lis  son, 
John  Stuart  Mill  (1806-73)  while  extending 
the  same  idea,  introduced  into  utilitarianism  two 
innovations,  which  were  seized  upon  by  his 
intuitional  opponents  as  virtual  abandonments 
of  the  entire  hedonistic  position.  These  were 
that  quality  of  pleasure  is  more  important  than 
quantity  and  that  the  individual  is  naturally 
social  and  so  instinctively  judges  his  own  wel- 
fare from  the  standpoint  of  society,  instead  of 
vice  versa.  J.  S.  Mill  also  severely  criticised  the 
other  utilitarians  for  their  neglect  of  the  ideal 
elements  in  education,  and  for  neglect  of  the 
culture  element  in  historical  development.  With- 
out abandoning  the  individualistic  basis  he  was 
much  influenced  by  schools  (b)  and  (c)-  below. 
From  (b)  came  the  influence  of  Coleridge 
(1772-1834);  Maurice  (1805-72).  and  Sterling 
(1805-43).  Bain  (1818-1903)  belongs  to  the 
same  empirical  and  utilitarian  school.  Sidgwick 
(1838-1900)  in  his  'Methods  of  Ethics'  at- 
tempted a  fusion  of  the  utilitarian  standard  with 
an  intuitional  liasis  and  method. 

(b)  German  rationalism  culminated  in  Kant 
(1724-1804),  who  reduced  the  function  of 
moral  reason  in  man-  to  a  single  principle ;  the 
consciousness  of  the  moral  law  as  the  sole  and 
sufficing  principle  of  action.  Since  the  claims  of 
this  principle  are  opposed  by  those  of  self-love 
—  the  desire  for  personal  happiness — the  pres- 
ence of  moral  reason  in  us  takes  the  form  of  a 
"categorical  imperative,''  or  the  demand  that 
duty  alone,  without  any  influence  from  inclina- 
tion, desire  or  affection,  be  the  motive  of  con- 
duct. Upon  the  consciousness  of  duty  are  built 
the  ideas  of  freedom.  God  and  immortality  — 
that  is,  by  moral  action  is  opened  to  us  a  sphere 
of  reasonable  faith  in  transcendental  realities 
which  are  shut  to  scientific  and  philosophic 
cognition.  Kant  brought  rationalism  to  a  turn 
mudi  as  Bentham  had  affected  empiricism.  Sub- 
sequent German  thought  attempted  to  overcome 
the  formalism  of  Kant's  bare  reason,  making  it- 
self known  onlv  in  a  consciousness  of  obligation. 
Hegel  (1770-1831)  attempted  a  synthesis  of  the 
Kantian  idealism  with  the  ideas  of  Schiller,  of 
Spinoza  (especially  through  the  medium  of 
Goethe),  and  of  the  rising  historical  school 
founded  by  Savigny.  He  endeavored  to  show 
that  the  social  order  is  itself  an  objective  em- 
bodiment of  will  and  reason,  and  that  the 
regions  of  civil  law,  of  family  life,  social  and 
commercial  intercourse  and  above  all  the  state, 
constitute  an  ethical  world  (as  real  as  the  physi- 
cal) from  which  the  individual  must  take  his 
cue.  He  anticipated  in  many  particulars  from 
the  standpoint  of  a  different  method  and  termin- 
ology, doctrines  of  recent  anthropology  and 
social  psychology.  German  moral  influence  has 
been  felt  in  English  thought  chiefly  through 
Coleridge,  Carlyle  (who  was  mainly  affected  by 
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Kant's  successor,  Fichtc,  1762-1814),  and  more 
recently,  T.  H.  Green  (1836-82).  The  New 
England  Transcendentalists  were  also  affected 
by  this  school  of  thought,  Ralph  Waldo  Emer- 
son (q.v.)  (1803-82)  giving  a  highly  original 
version  of  it,  blending  it  with  factors  of  his  own 
personality  and  with  ideas  drawn  from  Puritan- 
ism. 

(c)  In  France,  the  reaction  from  the  indi- 
vidualism of  the  Revolution  was  most  marked. 
At  the  head  of  the  reaction  stands  Comte 
(1798-1857),  who  attempted  to  build  up  a  theory 
of  ethics  upon  an  organized  social  basis,  similar 
in  many  respects  to  that  of  Hegel,  but  relying 
upon  a  systcmatization  of  sciences  rather  than 
upon  philosophy,  for  method,  his  system  ac- 
cordingly being  termed  positivism.  Comte 
sought  to  show  how  such  an  ethical-social 
science  could  replace  metaphysics  and  theol- 
ogy, the  latter  in  the  form  of  a  religion  of 
humanity.  He  influenced  G.  H.  Lewes  and  the 
lattcr's  wife,  George  Eliot,  and  also  John  Stuart 
Mill. 

(d)  In  the  latter  half  of  the  19th  century 
the  theory  of  evolution  has  been  dominant  in 
ethical  as  well  as  in  other  forms  of  philosophic 
and  scientific  thought.  Herbert  Spencer's  appli- 
cation is  the  best  known  to  English  readers.  It 
is,  however,  generally  recognized  that  his  funda- 
mental ethical  conceptions  were  worked  out 
before  he  became  an  evolutionist,  and  that  the 
attachments  between  his  ethics  and  the  theory  of 
evolution  are  of  a  somewhat  external  character. 
Indeed,  it  is  now  clear  that  the  further  develop- 
ment of  the  science  of  ethics  waits  upon  the 
more  thorough  clearing  up  of  the  evolutionary 
ideas  themselves,  and  upon  more  complete  appli- 
cation to  biology,  psychology  and  sociology  (in- 
cluding anthropology  and  certain  phases  of  the 
history  of  man)  in  order  to  supply  the  auxiliary 
sciences  necessary  for  ethical  science.  Through 
the  conception  of  evolution  it  is  probable  that 
ethics,  will  .be  emancipated  from  the  survival 
of  the  idea  that  it  is  an  art  whose  business  is  to 
lay  down. rules.  The  practical  aspect  of  the 
theory  of  ethics  will  necessarily  remain  (since  it 
is  theory  of  practice  or  conduct),  but  it  will  take 
the  form  of  providing  methods  for  analyzing 
and  resolving  concrete  individual  and  social 
situations,  rather  than  of  furnishing  injunctions 
and  precepts.  The  coincidence  of  the  evolution- 
ary tendency  with  the  growth  of  democracy 
will  relieve  ethics  in  its  philosophic  aspects  from 
its  dependence  upon  fixed  values,  ideals,  stand- 
ards and  laws,  and  constitute  ethics  more  and 
more  a  working  method  for  the  self-regulation 
of  the  individual  and  of  society. 

Every  period  of  ethical  theory  has  been 
associated,  as  we  have  seen,  with  some  corre- 
sponding epoch  of  human  development,  having 
its  own  characteristic  problem.  Upon  the 
whole,  however,  ethics  has  not  as  yet  adequately 
outgrown  the  conditions  of  its  origin,  and,  the 
supposed  necessity  they  imposed  of  finding 
something  as  fixed  and  unchanging  as  custom. 
Consequently,  philosophic  inquiry  nas  been  de- 
voted to  finding  the  good,  the  law  of  duty  etc.; 
that  is.  something  unchanging,  all  inclusive. 
Even  the  empirical  school,  in  its  emphasis  upon 
pleasure,  has  tried  to  find  something  free  from 
conditions  of  development,  something  fixed  in 
the  sense  of  being.everywhere  and  at  all  times 
the  same  single  unchanging  standard  and  end 
Even  Spencer  distinguishes  present  ethical  codes 


as  merely  relative,  and  anticipates  a  period  in 
which  evolution  will  reach  its  goal — a  period 
in  which  an  unchanging  set  of  rules  shall  be 
uniformly  binding.  But  as  ethical  writers  be- 
come more  habituated  to  evolutionary'  ideas, 
they  will  cease  setting  up  ideals  of  a  Utopian 
millennium,  with  only  one  end  and  law ;  and 
will  devote  themselves  to  studying  the  condi- 
tions and  effects  of  the  changing  situations  in 
which  men  actually  live. 

Consult  the  works  of  the  authors  already  men- 
tioned and  also  Clifford,  VV.  K.,  'The  Scientific 
Basis  of  Morals'  (New  York  1884) ;  Croce.  B., 
'Philosophy  of  the  Practical1  (London  1913); 
Dewev  and  Tufts,  « Ethics >  (New  York  1908)  ; 
Mackenzie,  J.  S,  'Manual  of  Ethics >  (New 
York  1901);  Mezcs.  S.  E..  'Ethics'  (London 
1901);  Palmer,  G.  H..  'The  Field  of  Ethics' 
(Boston  1901) ;  Paulsen,  F.,  'System  of  Ethics' 
(New  York  1899);  Rovce.  J.,  'Philosophy  of 
Loyalty'  (New  York  1908) ;  Sorly.  R.,  'Recent 
Tendencies  in  Ethics'  (Edinburgh  1904); 
Stephen,  Sir  Leslie,  'The  Science  of  Ethics' 
(2d  ed.,  New  York  1907)  ;  Thilly.  Frank, 
'Introduction  to  the  Study  of  Ethics'  (New 
York  1900)  ;  Wundt,  VV.  M.,  'Ethics'  (London 
1897-1901). 

John  Dewey, 
Professor  of  Philosophy,  Columbia  University. 

ETHIOPIA  (Gr.  ai»u,  to  burn,  and  *V\ 
countenance),  the  biblical  Cush,  in  ancient 
geography,  the  name  originally  given  by  the 
Greeks  to  the  southern  parts  of  the  known 
world.  It  is  divided  in  the  poems  of  Homer 
into  eastern  and  western  Ethiopia,  and  this  dis- 
tinction is  repeated  by  Herodotus,  and  hy  the 
later  Greek  and  Roman  geographers.  Homer 
gives  the  southern  limit  of  Ethiopia  as  the 
northern  boundary  of  the  Southern  Sea.  Some 
ancient  writers  give  the  boundaries  of  the  three 
Ethiopian  kingdoms,  Meroe,  Aksum  and 
Napata.  Eastern  Ethiopia  appears  to  have  in- 
cluded southern  India,  whose  inhabitants  were 
called  Ethiopians  from  their  color.  There  were 
also  other  Asiatic  Ethiopians,  an  equestrian  race, 
of  a  darker  color  than  their  neighbors,  who 
wore  crests  made  of  the  hides  and  manes  of 
horses,  and  are  supposed  to  have  been  a  Mon- 
golian tribe  which  had  wandered  into  the 
steppes  of  Koordistan.  The  name  Ethiopia  was 
more  usually  and  definitely  applied  to  the  coun- 
try south  of  Libya  and  Egypt,  between  the 
Red  Sea  on  the  cast  and  the  desert  of  Sahara 
on  the  west,  and  embracing  the  modern  regions 
of  Nubia,  Sennaar,  Kordofan  and  Abyssinia. 
In  a  still  narrower  sense,  the  designation  was 
restricted  to  the  province  or  kingdom  of  Meroe, 
which  was  also  called  the  civilized  Ethiopia. 
African  Ethiopia,  which  is  called  in  the  Bible 
the  land  of  Cush,  embraced,  according  to  Pliny, 
45  distinct  kingdoms;  yet  as  neither  the  Greeks 
nor  Romans  ever  penetrated  beyond  Napata,  in 
lat.  19°  N.,  we  are  indebted  for  most  ac- 
counts of  it  to  Greek  imagination.  Meroe,  be- 
tween the  Nile  and  the  Astaboras,  formed  the 
most  powerful  kingdom,  and  had  a  theocratic 
constitution.  The  other  principal  divisions  were 
the  Blcmmycs,  whose  aspect  was  hideous;  the 
Troglodytar.  who  lived  in  caverns ;  the  Macrobii, 
or  long-lived  men ;  the  Ichthyophagi,  or  fish 
eaters ;  and  the  Creophagi,  Chclonophagi, 
Elephantophagi,  Struthophagi,  and  Ophiophagi, 
respectively  the  eaters  of  flesh,  tortoises,  efe- 
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phants,  ostriches  and  serpents.  Fable  placed 
also  in  this  region  the  race  of  pygmies.  Some 
.parts  of  Ethiopia  were  named  from  their  pro- 
ductions; as  the  land  of  cinnamon,  and  of 
myrrh,  and  the  Jews  and  Phoenicians  went 
thither  to  obtain  aromatics  and  ivory.  The 
Ethiopian  kings  seem  to  have  been  chosen  from 
among  the  priests,  and  the  order  of  succession 
gave  the  crown  to  the  nephew  of  the  king,  the 
son  of  his  sister;  and  in  default  of  an  heir, 
an  election  was  made.  The  people  practised 
circumcision,  and  embalmed  their  dead  in  a 
manner  similar  to  that  of  the  Egyptians.  They 
were  of  an  intrepid,  impetuous  and  violent 
character,  and  yet  arc  represented  as  loving 
and  practising  justice.  Homer  makes  Jupiter 
visit  them,  and  sit  at  their  feasts.  There  were 
many  Ethiopian  queens  named  Candace,  one  of 
whom  became  subject  to  the  Emperor  Augus- 
tus. Under  the  Romans  the  population  of 
Ethiopia  became  almost  wholly  Arabian,  and 
so  continued  after  the  introduction  of  Chris- 
tianity in  the  4th  century.  When  the  followers 
of  Mohammed  overran  the  entire  region  some 
centuries  later,  the  Arabic  element  gained  com- 
plete predominance  in  it.  During  the  Middle 
Ages  the  Christians  and  clergy  of  Abyssinia 
were  designated  as  the  Ethiopian  Church.  Sec 
Meroe. 

Language  and  Literature. —  Of  the  differ- 
ent dialects  spoken  in  modern  Abyssinia,  the 
Amharic  and  the  Tigre  are  the  most  remark- 
able. The  former  of  these  shows  little  affinity 
with  the  ancient  language  of  the  country,  the 
Gccz,  or  the  Ethiopic  properly  so  called,  which 
since  the  beginning  of  the  14th  century,  when 
a  dynastic  change  made  the  Amharic  the  lan- 
guage of  the  court,  has  ceased  to  be  the  ver- 
nacular, and  is  used  only  by  people  of  educa- 
tion and  learning,  in  religious  and  civil  docu- 
ments. This  ancient  language,  which  has  ite 
name  from  the  inhabitants  calling  it  lesana  gccz, 
that  is,  language  of  science,  as  it  is  also  called 
language  of  books,  is  of  Semitic  origin,  resem- 
bling in  roots,  structure  and  grammatical 
forms,  the  ancient  South  Arabian  dialect  of 
the  Himyarites,  which  since  Mohammed  has 
disappeared  from  the  peninsula.  This  favors 
the  hypothesis  of  some  historians,  who  suppose 
the  Ethiopians  to  have  been  a  colony  from 
Arabia.  The  alphabet  also  of  the  Gcez  greatly 
resembles  that  of  the  Himyarites,  as  found  in 
their  remaining  inscriptions.  It  consists  of 
26  consonants  and  7  vowels,  which  are  small 
marks  inseparably  connected  with  the  former, 
thus  forming  a  peculiar  syllabic  mode  of  writ- 
ing, analogous  to  the  Devanagari  and  some 
other  Indian  alphabets.  Few  of  these  letters 
show  a  resemblance  to  the  Phoenician  alphabet, 
while  24  of  them  may  be  traced  in  the  Arabic. 
There  arc  no  diacritical  marks ;  the  single 
words  arc  separated  by  two  dots;  the  accent  is 
difficult;  the  mode  of  writing  is  from  left  to 
right,  the  reverse  having  been  the  practice  be- 
fore the  introduction  of  Christianity  into  Abys- 
sinia. In  roots,  and  forms  of  expression  and 
construction,  the  Gecz  is  poorer  than  the 
Arabic.  According  to  Gesenius,  one-third  of 
all  the  roots  can  be  traced  distinctly  in  the 
Arabic,  and  many  other  words  may  be  pre- 
sumed to  be  of  the  same  origin,  while  the  roots 
of  others  can  be  found  in  the  Hebrew,  Syriac, 
or  Chaldaic,  some  being  native  African,  a  few 
of  Greek,  scarcely  any  of  Coptic  derivation. 


The  Geez  has  10  conjugations.  8  of  which 
answer  to  those  of  the  Arabic,  the  5th  and  the 
6th  being  peculiar.  A  double  infinitive  is  used 
substantively,  this  mood  having  both  an  absolute 
and  constructive  form.  There  is  no  participle. 
The  dual  is  unknown  both  in  verbs  and  nouns; 
the  difference  of  masculine  and  feminine  is 
observed  throughout  in  the  second  and  third 
persons.  The  relation  of  the  genitive  is  ex- 
pressed by  an  inflection,  causing  some  changes 
in  the  terminations,  or  through  the  relative 
pronoun;  the  dative  by  prepositions;  the  com- 
parative and  superlative  degrees  by  particles. 
The  plural  is  formed  by  affixed  syllables,  an  in 
masculine,  at  in  feminine  nouns,  on  the  prin- 
ciple common  to  the  Hebrew,  Arabic  and 
Aramaic,  or  by  changes  in  the  radical  letters, 
after  the  manner  of  the  so-called  broken  plural 
in  Arabic.  In  the  formation  of  nouns  the 
Gcez  most  resembles  the  Hebrew,  but  it  has 
superfluous  final  vowels,  modified  in  certain 
cases,  in  which  it  is  analogous  to  the  Arabic 
in  its  nunnation.  Besides  a  few  fragments 
in  inscriptions,  there  are  no  remnants  of  the 
ancient  Ethiopian  literature  of  a  period  preced- 
ing the  introduction  of  Giristianity  under  Con- 
stantinc  the  Great,  but  of  works  composed  since 
that  time  about  200  are  known  to  European 
scholars.  The  Old  Testament,  translated  from 
the  Septuagint  by  unknown  Christian  writers 
in  the  4th  century,  is  extant  in  manuscripts  in 
Europe,  but  only  a  part  of  it  has  been  printed. 
The  Psalms  were  published  in  Ethiopic  and 
Latin  by  Ludolf  (Frankfort  1701),  and  in 
Ethiopic  alone  (London  1815).  Tbc  version 
of  the  New  Testament  appeared  at  Rome  in 
1548,  and  in  the  London  polyglot  Bible.  Of 
versions  of  apocryphal  books,  in  which  the 
Ethiopic  is  particularly  rich,  several  have  been 
published,  as  the  'Book  of  Enoch,'  translated 
by  Richard  Laurence  into  English  (2d  edition, 
London  1833),  and  by  Hoffmann  into  German 
(Jena  1838),  in  Vatis,  translated  by  Laurence 
into  Latin,  and  published  in  both  languages 
(Oxford  1819).  Gecz  in  1840  (London),  and 
Asccnsio  Isaiar.  The  'Didascalia,  or  Apostolical 
Constitution  of  the  Abyssinian  Church, '  was 
published  in  Ethiopic  and  English  by  Piatt 
(London  1834).  The  Synaxar  contains  lives  of 
saints,  martyrologics  and  the  hymns  of  the 
Ethiopian  Church,  in  rude  rhythmical  form, 
every  three  or  five  lines  often  ending  in  the 
same  consonant,  which  forms  a  kind  of  rhyme. 
The  profane  literature  of  the  Ethiopian  lan- 
guage is  comparatively  poor,  consisting  chiefly 
of  chronicles,  which  appear  to  be  of  consider- 
able interest,  but  have  not  yet  been  generally 
accessible.  Of  these  the  most  remarkable  are 
the  'Keber  za  Nageste,'  containing  the  tradi- 
tional and  legendary  history  of  the  once  mighty 
kingdom  of  Aksum,  a  copy  of  which  was 
brought  to  Europe  by  Bruce,  and  a  translation 
of  it  appended  to  his  travels;  and  the  'Tarek 
Nagushti,'  or  chronicle  of  kings.  In  Europe 
the  Ethiopian  language  was  almost  unknown 
until  the  time  of  Job  Ludolf,  who,  being  assisted 
by  an  excellent  native  scholar,  Abbas  Grcgorius, 
made  himself  master  of  it,  and  published  an 
admirable  dictionary  and  grammar  (2d  im- 
proved and  enlarged  edition,  Frankfort  1702). 
Manuscripts  written  in  the  Ethiopian  language 
arc  in  possession  of  Abyssinian  monks  and  in 
libraries  in  Europe.  Their  knowledge  of  music 
may  be  inferred  from  their  musical  notation 
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which  has  been  published.  After  a  long  inter- 
val the  interest  in  this  language  and  literature 
has  been  revived  by  the  works  of  Piatt,  Lau- 
rence, Gesenius,  Hupfeld,  Hoffmann,  Rodiger, 
Ewald  and  others,  as  well  as  by  the  contribu- 
tions of  Isenberg,  Blumberg,  and  D'Abbadie. 
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ETHIOPIAN  CHURCH.  See  Abyssinian 
Church. 

ETHIOPIAN  PEPPER.  See  Guinea 
Pepper. 

ETHIOPIAN  REGION.  See  Zoogeog- 
raphy. 

ETHIOPIANISM,  a  movement  among  the 
native  races  of  South  Africa,  having  for  object 
negro  domination  in  Africa,  thus  contem- 
plating the  ousting  of  the  whites.  It  has  in 
the  past  masqueraded  as  a  sort  of  religious 
teaching  and  took  its  start  in  the  early  90's 
of  the  last  century  when  two  black  ministers 
receded  from  the  Wesleyan  Church  and 
founded  the  Church  of  Ethiopia  for  blacks  ex- 
clusively. One  of  these  ministers,  Dwane, 
cam*  to  America  and  had  his  church  recog- 
nized by  the  African  Methodist  Episcopal 
Church.  Later  he  sought  a  union  with  the 
Anglican  Church  at  Cape  Town  and  was  par- 
tially successful  through  the  temporizing  and 
weak-kneed  policy  of  the  Anglican  archbishop. 
Various  troubles,  religious  and  political,  have 
been  traced  to  the  movement;  of  the  latter  we 
may  cite  the  Herero  uprising  of  1904,  and  the 
Zulu  insurrection  two  years  later.  Little  has 
been  heard  of  the  movement  within  the  last 


ETHIOPIC.  See  Ethiopia,  Language  and 
Literature;  Ethiopic  Writing. 

ETHIOPIC  WRITING.  See  Ethiopia 
ETHIOPS  MINERAL,  a  name  formerly 
given  by  chemists  to  the  black  sulphide  of 
mercury,  prepared  by  rubbing  mercury  and  sul- 
phur together,  cither  hot  or  cold.  ALthiops 
martis,  or  cthiops  of  iron,  was  the  black  oxide 
got  by  exposing  iron-filings  and  water  to  the 
air.  Vegetable  cthiops  is  the  plant  bladder- 
wrack,  heated  until  it  becomes  black,  a  remedy 
for  scrofula. 

ETHMOID  BONE,  The  (so  called  from 
tthmos,  "a  sieve"),  is  one  of  the  eight  bones 
which  collectively  form  the  cranial  box.  It  is 
of  a  somewhat  cubical  form,  and  enters  into 
the  formation  of  the  cranium,  the  orbits,  and 


the  nasal  fossae.  Its  upper  surface  is  perforated 
by  a  number  of  small  openings  (whence  its 
name).    See  Nost 

ETHNIC  PSYCHOLOGY.  Sec  Psy- 
chology, Ethnic. 

ETHNOGRAPHY,  a  branch  of  ethnology, 
the  vast  science  which  treats  of  mankind  as 
a  whole,  their  origin  and  their  development  in 
language,  art,  religion  and  political  ideas,  from 
barbarism  into  civilization.  The  German 
scientists  class  ethnology  as  a  science  standing 
midway  between  natural  history  and  philosophy. 
As  natural  history,  in  the  ordinary  sense  of 
the  term,  is  a  classification  and  description  of 
the  lower  animals,  ethnology  may  fairly  be  con- 
sidered as  a  classification  of  the  various  fami- 
lies of  the  human  race,  based  on  the  observa- 
tion of  their  physical  characters,  and  geo- 
graphical distribution.  From  the  earliest  rec- 
ords and  monuments  of  mankind  we  find 
traces  of  various  types  of  humanity.  The 
statues  and  paintings  of  ancient  Egypt  rep- 
resent several  racial  types  including;  the  negro, 
the  Berber  and  the  Asiatic.  In  the  first  book 
of  Moses,  mankind  are  divided  according  to 
their  descent  from  one  of  the  three  sons  of 
Noah,  Shem's  progeny  occupying  Western 
Asia,  while  to  the  posterity  of  Ham  and  Japhet 
fell  North  Africa  and  southern  Europe,  re- 
spectively. Some  recognition  of  the  superficial 
physical  differences  observable  in  variously  dis- 
tributed races  may  also  be  found  in  Greek  and 
Roman  writers.  In  the  Middle  Ages  little  prog- 
ress was  made  in  ethnography.  The  discovery 
of  America,  with  its  revelation  of  new  human 
types,  seems  to  have  given  the  first  genuine 
stimulus  to  this  study,  and  the  word  ethnog- 
raphy was  first  used  in  a  book  published  at 
Nuremberg  in  1791,  and  entitled  'An  Ethno- 
graphical Picture  Gallery.'  In  his  great  work, 
'Systcma  Naturae,'  Linnams  classes  mankind 
(Homo  sapiens)  together  with  the  apes  under 
the  order  of  Primates,  and  divided  them  into 
four  groups,  as  American,  European,  Asiatic 
and  African.  Buff  on  in  his  'Varietcs  dans 
1'especc  humaine'  distinguishes  the  races  ac- 
cording to  their  geographical  distribution, 
though  he  makes  some  reference  to  physical 
variations.  Blumenbach  was  the  first  to  classify 
the  races  of  men  according  to  the  shape  of 
their  skull.  The  Caucasian,  whose  skull  was 
symmetrical,  he  set  as  the  normal  type,  mid- 
way between  the  Mongolian  with  the  square 
skull,  and  the  negro  with  his  prognathous  skull, 
while  the  American  was  ranged  between  the 
Mongolian  and  the  Caucasian,  and  the  Mala- 
yan between  the  Caucasian  and  the  negro.  In 
each  of  these  types  he  distinguished  and  recog- 
nized as  important  the  character  of  the  hair, 
the  setting  of  the  eyes,  and  the  form  of  the 
mouth. 

The  modern  science  of  ethnography  dates 
from  the  year  1829  when  Milne- Edwards  wrote 
to  Thierry,  with  the  result  that  the  Societe 
Ethnologiquc  was  founded.  The  founding  of 
an  ethnographic  museum  was  suggested  by 
Jomard  in  1843,  and  built  some  years  later  in 
Paris.  Since  that  time  the  study  has  been 
thoroughly  systematized  all  over  the  world. 
While  of  all  ethnographical  classifications  the 
most  obvious  is  the  enumeration  of  the  white, 
yellow,  red  and  black-skinned  races,  as  together 
-  up  mankind,  this  is  clearly  : 
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as  it  would  be  likely  to  confound  widely  differ- 
ent types.     Many  attempts  at  a  more  scientific 
ssification  have  been  made.     Oscar  Pechsel 


recognized  seven  races  of  men:  (I)  the  Aus- 
tralian ;  (2)  the  Papuan,  including  the  Melane- 
sian,  the  Negrito,  etc.;  (3)  the  Mongolian,  in- 
cluding the  Polynesian,  the  Malay,  the  Eskimo, 
and  the  American  Indian ;  (4)  the  Dravidian 
(southern  India  and  Ceylon);  (5)  the  Hotten- 
tot and  Bushman;  (6)  the  negro;  (7)  the 
Mediterranean  races,  or  Caucasian,  which  in- 
clude the  Hamitic,  Semitic,  and  Indo-European. 

It  will  be  seen  that  these  divisions  are  based 
upon  other  considerations  than  those  of  physi- 
cal character,  for  it  is  merely  because  of  their 
geographical  proximity  that  the  Hamitic,  which 
includes  the  inhabitants  of  North  Africa,  can 
be  placed  in  one  category  with  the  Caucasian. 
Among  the  most  recent  systems  of  ethnographi- 
cal classification  is  that  of  Haeckel  who  has 
divided  the  human  family  into  races  in  ac- 
cordance with  the  variations  of  a  single  physi- 
cal character,  that  namely  of  the  hair.  Accord- 
ing to  his  authority  there  are  two  main  species 
and  four  sub-species  of  hair  found  among  man- 
kind, who  may  be  broadly  separated  into  the 
woolly-haired  (Ulotriches),  and  the  straight- 
haired  (Lissotriches).  The  woolly-haired  con- 
sist (1)  of  the  crested-haired  (Lophocomi) 
subdivision,  represented  by  the  Hottentot,  and 
the  Papuan;  and  (2)  of  the  fleecy-haired 
(Eriocomi)  which  includes  the  negro  and  the 
Kaffir.  The  straight-haired  are  subdivided 
into  the  streaming-haired,  and  the  curly-haired. 
To  the  former  belong  the  Australian,  the  Arctic 
dwellers,  the  American  Indian,  Malay,  and  Mon- 
golian; to  the  latter  the  Dravidian,  the  Medi- 
terranean races  and  the  Nubian.  See  Eth- 
nology and  consult  works  subjoined  thereto. 

ETHNOLOGY,  that  branch  of  the  science 
of  anthropology  which  treats  of  the  races  of 
mankind  and  seeks  to  explain  their  origin  and 
development. 

Anthropology  is  the  science  which  treats  of 
man  in  relation  to  himself,  to  other  men  and 
to  all  nature.  It  is  subdivided  into  several 
branches,  each  of  which  treats  of  some  special 
phase  of  man's  natural  history.  There  is  a 
difference  in  the  meaning  given  by  students  to 
the  names  employed  to  designate  the  divisions 
of  the  study  of  man.  Ethnology,  ethnography, 
and  anthropology  have  been  to  some  extent  in- 
terchangeable terms.  Each  of  these  branches  of 
knowledge  has  a  special  meaning  given  it  in 
different  countries.  However,  there  is  becoming 
a  more  general  acceptance  of  a  definite  meaning 
for  these  topics.  The  comprehensive  term 
anthropology  is  recognized  in  its  general  sense 
to  include  all  others  (Kcanc,  Tylor,  Mason). 
The  meaning  herein  given  to  Ethnology  is 
widely  recognized  (Keene,  Brinton).  The  use 
of  the  term  anthropology,  to  designate  societies 
for  the  studv  of  man  and  for  sections  in  na- 
tional scientific  bodies  on  both  sides  of  the 
Atlantic,  indicates  a  general  tendency  to  accept 
the  proper  meaning  of  the  word. 

Ethnology  differs  from  ethnography,  which 
deals  chiefly  with  the  collection  of  facts  regard- 
ing the  families,  tribes  and  races  of  mankind, 
in  seeking  to  explain  the  significance  of  the 
information  obtained.  Ethnography  (from  f0)»r 
a  people,  ypa^nv  to  write)  is  a  writing  about, 
a  description  ot,  peoples.    Ethnology  (from 


*9Y°t,  a  people,  Aoyor  a  discourse),  attempts 
to  interpret  the  facts  gathered,  to  explain  the 
causes  for  the  conditions  and  the  relationships 
of  different  peoples.  Ethnography  and  ethnol- 
ogy occupy  a  relation  to  each  other  somewhat 
akin  to  that  of  geography  and  geology.  One 
deals  chiefly  with  existing  facts,  the  other  at- 
tempts to  interpret  the  history  which  brought 
them  forth. 

Br  oca  says  ethnography  studies  peoples, 
ethnology  races.  The  following  seems  a  con- 
venient scheme  for  grouping  the  branches  of 
anthropology.  Substantially  it  is  as  follows: 
Archaeology,  Biology,  Psychology,  Ethnology, 
Ethnography,  Philology,  Technology,  Sociology 
and  Religion  (Mason). 

The  unity  of  the  race  is  now  generally  ac- 
cepted. From  the  researches  of  the  physiologist, 
the  anatomist,  the  philologist  and  the  psycholo- 
gist we  obtain  the  same  testimony  as  to  the 
specific  unity  of  our  race.  The  place  of  origin 
or  centre  of  dispersal  is  not  fixed.  From  the 
studies  of  eminent  specialists,  it  would  seem 
that  the  land  about  the  shores  of  the  Medi- 
terranean, or  the  region  farther  eastward  toward 
India,  may  claim  to  be  the  home  of  primitive 
man.  About  the  Mediterranean  they  settled 
down  like  frogs  about  a  pond  (Plato). 

Classification. —  For  classification,  mankind 
is  divided  into  groups.  On  account  of  their 
distribution,  these  arc  sometimes  named  for 
geographical  divisions.  They  are  also  distin- 
guished as  families,  clans,  tribes,  nations,  peo- 
ples and  races.  In  the  naming  of  the  latter, 
family  relationships  form  a  prominent  factor. 
It  is  with  both  of  these  lines  of  classification 
and  the  distribution  of  those  discussed  under 
them  that  ethnology  has  to  do.  In  these  efforts 
at  classification,  different  schemes  have  been 
tried.  It  is  generally  accepted  that  there  are 
two  groups  of  elements  of  characterization, 
which  are  sometimes  called  criteria.  These  are 
physical  elements  and  psychical  elements. 

The  principal  physical  elements  are  the 
bones,  the  shape  of  the  skull,  the  facial  angle, 
the  color  of  the  skin,  color,  shape  and  texture 
of  the  hair.  Of  these,  color,  probably  because 
the  most  conspicuous  feature,  was  the  first  to 
be  considered  and  formed  the  basis  of  all  the 
early  classifications.  The  craniological  school 
founded  by  the  elder  Rctzius  (1796-1860),  made 
the  shape  of  the  head  the  basis  of  classification, 
and  introduced  exact  methods  into  this  branch 
of  the  subject.  This  was  based  on  the  relative 
length  and  breadth  of  the  skull,  and  accordingly 
mankind  was  divided  into  long-skulled  and 
short,  broad-skullcd  races.  Later  developments 
in  craniology  introduced  a  third  class,  repre- 
senting a  mean  between  the  other  two.  Crani- 
ology alone  cannot  be  depended  upon  to  supply 
sufficient  or  trustworthy  materials  for  the  proper 
classification  of  mankind.  Nevertheless  it  has 
thrown  much  light  upon  the  subject.  Of  late 
years  the  color,  shape  and  texture  of  the  hair 
nave  steadily  risen  in  the  estimation  of  natur- 
alists as  a  racial  test.  The  hair  is  now  re- 
garded as  the  most  constant  of  all  the  physical 
features  and  has  been  made  the  foundation 
of  their  groupings  by  some  of  the  most  emi- 
nent anthropologists. 

The  other  physical  ethnical  elements  are  of 
little  value  separately,  but  arc  often  useful  aids 
in  combination  with  others.  Such  are  stature; 
the  shape,  color  and  position  of  the  eye;  the 
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size  and  form  of  the  brain;  the  shape  of  the 
nose  and  mouth ;  the  superciliary  and  zygomatic 
arches,  and  all  such  other  elements  as  collec- 
tively constitute  the  broad,  flat  features  of  the 
lower,  the  oval  and  regular  faces  of  the  higher 
races. 

The  psychical  elements  arc  less  conspicuous, 
and  have  but  recently  been  taken  into  account 
in  classification.  It  has  been  said  that  "Love 
and  hunger  rule  «hc  world."  The  former  relates 
to  the  perpetuation  of  kind,  the  latter  to  self- 
preservation.  Around  these  two  may  be 
grouped  the  other  factors  of  this  class.  The 
following  are  the  principal  psychical  elements: 

(1)  Preservative  instinct,  food,  clothing, 
shelter;  (2)  Perpetuating  instinct;  (3)  Lan- 
guage; (4)  Religion;  (5)  Government  (6) 
The  Arts. 

Food,  clothing  and  shelter  arc  the  impera- 
tive needs  of  the  human  species  at  all  ages  and 
under  all  conditions.  Among  the  prominent 
topics  considered  under  the  sexual  impulse  are 
the  position  of  woman,  the  marriage  relation 
and  the  line  of  descent.  Language  is  the  chief 
of  the  psychical  elements.  Some  perhaps,  with 
Horatio  Hale,  would  make  it  the  sole  test  of 
race.  The  power  of  religion,  both  as  a  con- 
structive and  dispersive  force,  is  the  repeated 
testimony  of  hiftory.  The  organization  and 
administration  of  government,  whether  in  its 


primitive  form  or  in  the 
stage,  is  of  deepest  interest.  The  arts  of  life 
find  their  origin  in  the  rude  homes  of  early- 
man,  and  have  steadily  been  influential  in  all 
human  progress.  For  these  have  lives  been 
lost,  tribes  been  destroyed,  nations  been  formed, 
battles  been  won.  They  have  been  the  motive 
power  in  every  effort,  the  impulse  behind  every 
forward  movement  of  mankind  from  the  earli- 
est days  to  now. 

Race  Classification.  There  have  been  so 
many  changes  in  this  world  of  ours  and  so 
many  mixtures  of  ancestral  strains  that  it  is 
impossible  to  determine  certainly  to  which  race 
certain  peoples  belong.  After  successive  efforts 
by  able  students  to  classify  mankind  upon  this 
or  that  character  or  group  of  characters,  the 
tendency  now  seems  to  be  to  return  to  the 
earlier  classification.  To  recur  to  the  three 
greater  subdivisions  — white,  black  and  yellow; 
or,  Caucasian,  Negro,  Mongolian. 

With  all  the  data  gathered  and  the  characters 
used  in  succeeding  classifications,  the  original 
color  plan  in  a  general  way  is  as  good  as  we 
know.  Popularly,  too,  this  seems  to  have  struck 
the  fancy.  Without  thought  we  speak  of  a 
person  as  white,  black  or  red,  as  he  is  a  Cau- 
casian, Negro  or  an  American  Indian. 

Dall  divides  man  into  three  groups :  white, 
black  and  yellow.    Flower  and  Lydckkcr  also 


GENERAL  ETHNOGRAPHIC  SCHEME. 


Race 

Trait* 

*  Branches 

1.  lUmitic 

1 .  Libyan 

2.  Egyptian 

3.  East  African 

Haw  wavy 
Nose  narrow 

II 

M^North 

2.  Semitic 

1.  Euskaric 

2.  Aryac 

3.  Caucasic 

1.  Arabian 

2.  Abyssinian 

3.  Chaldoun 
Euskarian 

ludc-Germanic    or  Celtindic 

people* 
Peoples  of  the  Caucasus 

African  or 
Negro 

Color  black  or  dark 
Ha.r  fristly 
Nose  l>n>»d 

I 

Negrillo 

II 

Negro 

III 

Nesroid 

1.  Central  African 

2.  South  African 

1.  Nilotic 

2.  Sudanese 

3.  Srnegambian 

4.  Guincan 

t.  Bantu 

Dwarfs  of  the  Congo 
Bushmen.  Hottentots 
Nubian 

Kaffirs  and  Congo  Tribes 



Mongolian 

Color  yellow  or  olive 

Hair  straight 
No*  medium 

I 

Sinitic 

II 

Sibiric 

t.  Chinese 

2.  Tibetan 

3.  Indo-Chinese 
t.  Tungusic 

1.  Mongolic 

3.  Tartaric 

4.  Finnic 

5.  Arctic 

6.  Japan  ic 

Chinese 

Natives  of  Tibet 
Burmese.  Siamese 
Manchus.  Tungus 
Mongols.  Kalmucks 
Turks,  Cossacks 
Finns.  Magyars 
Chukchi*.  Amos 
Japanese.  Koreans 

Color  cojiprry 

Hair  straight  <T 
wavy 

Nose  medium 

I 

Northern 
II 

Central 

S  rjthrrn 

1.  Arctic 

2.  Atlantic 

3.  Pacfic 

1.  Mexican 

2.  Isthmian 

1.  Atlantic 

2.  Pacific 

Eskimos 

Tmneh.  Algonkins.  Iroquois 

Chinook*.  Kolosh.  etc. 

Nahuas.  Tarasco* 
Mayas.  Chapanccs 

?h^r!eh«r0^uIUPi, 
l.mnerias.  yuicnuas 

Oceanic 

Color  dark 
Hair  wavy  or  frizzly 

Nose  medium  or 
narrow 

1 

Negri  tic 
II 

Mala  vie 
III 

Australie 

1.  Negrito 

2.  Papuan 

3.  Mclancsian 

t.  Malayan 

2.  Polynesian 

1.  Australian 

2.  Druvvlian 

Mincopiea.  Actas 
New  Guinea ns 
Peejeeans,  etc. 

Malays,  Tagala* 

Pacific  Islanders 
Australians 
Dravidas.  Mundaa 

 — —  - 

  ~ 

Digitized  uy 


Google 


„  * 


■ 


•  -'.4 


- 


■ 


Digitized  by  Google 


* 


Digitized  by  Google 


RACES  OF  MANKIND 


Digitized  by  Google 


ETHNOLOOY 


assign  all  representatives  of  mankind  to  three 
primary  divisions.  The  status  of  the  American 
aborigines  is  left  unsettled.  Keane  gives  to 
these  a  place  among  the  races,  making  four. 
Linnaeus  in  his  day  adopted  four  primary  divi- 
sions. He,  however,  recognized  man  as  a  dis- 
tinct genus,  homo,  having  four  species :  Homo- 
tp  orthiopicus.  Homo  sp  mongohcus.  Homo  sp 
americonus,  Homo  sp  caucasicus.  Gerland  divides 
mankind  into  six  races,  separating  the  Dra- 
vidians  from  the  other  groups.  To-day  man  is 
considered  a  single  species,  having  several 
varieties  or  races.  Blumenbach  gives  five 
groups,  classified  according  to  the  color  of  the 
skin.  Professor  Huxley  also  designated  five 
groups  alone  somewhat  similar  lines.  Morton 
used  the  skull  as  a  basis  of  classification ; 
Haeckcl  and  Br  oca  the  hair;  and  Hale  lan- 
guage. 

To  one  who  carefully  goes  over  the  different 
schemes  of  classifying  man,  it  is  apparent  that 
none  is  wholly  satisfactory.  Each  in  some  direc- 
tion overlaps  some  other.  It  is  by  taking  all 
these  race  criteria  so  far  as  they  are  of  value 
that  the  most  reliable  conclusions  may  be  drawn 
as  to  the  proper  classification  of  mankind.  No 
one  set  of  standards  will  properly  answer.  That 
classification  will  be  most  satisfactory  which 
obtains  the  most  help  from  all  the  elements. 
All  that  we  can  aim  to  do  is  to  group  under 
some  general  and  loose  fitting  subdivisions  those 
members  of  the  species  which  display  the  great- 
est number  of  similarities.  (Brinton).  Perhaps 
it  will  be  as  satisfactory  to  follow  the  plan 
of  Linnarus  and  classify  the  races  of  men  ac- 
cording to  geographical  areas.  Under  such  a 
plan  wc  speak  of  the  European  race,  which  in 
ancient  times  was  confined  to  Europe  and  ad- 
jacent parts  of  Asia  and  Africa;  the  African 
race,  whose  natural  home  is  Africa ;  the  Asiatic 
race,  which  is  chiefly  confined  to  Asia;  the 
American  race,  composed  of  those  occupying 
the  western  continent  before  its  occupation  by 
Europeans;  and,  the  Oceanic  or  Australian  race, 
comprising  the  tribes  of  Polynesia,  Australia 
and  the  many  groups  of  islands  sometimes  in- 
cluded in  Oceanica.  We  can  use  Blumenbach's 
scheme  of  dividing  them  according  to  the  color 
of  the  skin.  Under  it,  they  are  grouped  as 
follows: 

1,  Caucasian,  or  white;  2,  Ethiopian,  or 
black ;  3,  Mongolian,  or  yellow ;  4,  American,  or 
red ;  5,  Malay,  or  brown.  Dr.  D.  G.  Brinton 
enumerated  five  races  of  mankind.  Their  chief 
characteristics  may  be  summed  up  substantially 
as  follows:     1.  The  European  Race  — Traits 

—  Color  white,  hair  wavy,  nose  narrow,  jaws 
straight,  skull  variable,  languages  inflectional, 
religions  ideal.   II.  The  African,  or  Negro  Race 

—  Traits  —  Color  black,  hair  woolly,  nose  flat, 
jaws  protruding,  skull  long,  language  agglu- 
tinative, religions  material.  III.  The  Asiatic,  or 
Mongolian  Race  —  Traits  —  Color  yellowish  or 
brownish,  hair  straight,  nose  flat  or  medium, 
jaws  straight,  skull  broad  and  high,  languages 
isolating  or  agglutinative,  religions  material. 
IV.  The  American  Race  —  Traits  —  Color  cop- 
pery, hair  straight,  nose  narrow,  jaws  straight, 
skull  variable,  language  incorporating,  religions 
ideal.  V.  The  Oceanic  Race  —  Traits  —  Color 
dark,  hair  lank  or  wavy,  languages  agglutina- 
tivc 

Classified  in  this  manner,  the  human  species 


presents  the  subdivision  shown  in  the  preceding 
"scheme." 

The  European  Race.— Of  the  South  Medi- 
terranean branch  of  the  European  race  there 
are  given  two  divisions,  the  Hamitic  and  the 
Semitic.  The  former  is  divided  into  three 
groups,  the  Libyan,  Egyptian  and  East  African. 
The  Libyan  group  extends  over  Northern  Africa 
from  the  Atlantic  Ocean  to  the  Nile.  Some  of 
these  tribes  are  very  dark  and  have  been 
termed  "Black  Caucasians."  Neverthlcss,  ex- 
cept for  color,  they  are  fine  representatives  of 
the  white  race.  The  Egyptian  group  is  repre- 
sented by  the  ancient  Egyptians  and  their  de- 
scendants, the  modern  Fellah  of  the  Nile  valley 
and  the  Copts.  These  two  groups  of  this  branch 
of  the  European  race  have  been  potent  factors 
in  the  world  s  history.  The  development  of  the 
earliest  seats  of  culture,  the  organization  of 
government,  and  the  establishment  of  high  de- 
grees of  civilization  have  been  the  work  of 
their  representatives.  On  the  contrary  the  East 
African  group  is  represented  by  a  number  of 
tribes  who  are  chiefly  nomadic  and  occupy  the 
territory  south  of  the  Egyptian  group  and  ex- 
tending from  the  Nile  to  the  Indian  Ocean. 
They  include  the  Gallis.  Somalis  and  Agaas. 

The  Semitic  stocks  are  made  up  of  three 
groups  —  the  Arabian,  Abyssinian  and  Chal- 
daran.  The  most  prominent  of  the  first  group 
are  the  Arabians ;  the  existing  tribes  best  known 
are  the  Ishmaelites  and  Bedouin.  They  have 
occupied  at  different  times  parts  of  the  Arabian 
peninsula  and  now  practically  cover  it  all. 

The  Abyssinian  group  is  supposed  •  to  have 
originated  in  the  region  last  mentioned  and  to 
have  been  dispersed  over  Abyssinia  and  ad- 
jacent parts  of  Africa.  Thcv  have  become 
mixed  with  adjoining  tribes  and"  a  corrupt  form 
of  Christianity  exists  among  them.  The  Abvs- 
sinians,  Tigre  and  Amhara  are  prominent  na- 
tions.   The  former  is  best  known. 

The  third  group  of  Semitic  peoples  has  been 
called  the  Chalda?an.  This  includes  the  Syrians, 
Israelites,  Samaritans,  Babylonians  and  Jews. 
They  also  originated  in  Arabia  and  spread  out 
into  other  lands.  The  Jew  has  become  world- 
wide in  his  dispersal.  From  these  peoples  great 
nations  were  developed  and  from  them  two 
great  religious  leaders,  Jesus  Christ  and  Mo- 
hammed, have  sprung. 

The  North  Mediterranean  branch  is  divided 
into  three  divisions.  They  are  the  Euskaric, 
Aryac  and  Caucasic  stocks.  The  only  surviving 
remnant  of  the  Euskaric  stock  is  the  Basques  of 
Spain.  That  they  formerly  were  more  widely 
distributed  is  generally  believed.  Their  rela- 
tionship with  other  peoples  is  not  satisfactorily 
determined.  The  most  extended  and  most  im- 
portant of  these  race  stocks  is  the  Aryac.  The 
origin  of  the  Aryans  has  been  a  fruitful  theme 
of  discussion  in  recent  years.  While  there  is 
still  a  difference  of  opinion  on  this  subject,  the 
majority  of  writers  have  accepted  the  theory  of 
their  European  origin.  The  Aryac  or  Indo- 
Germanic  stock  is  divided  bv  Brinton  into  eight 
groups:  Celtic,  Italic,  Illyric,  Hellenic,  Lcttic, 
Teutonic,  Slavonic  and  Indo-Iranic  groups. 

The  Lettic  or  Lithuanian  peoples,  while 
comparatively  inconspicuous,  are  in  some  re- 
spects the  most  interesting  of  their  fellows. 
They  are  thought  bv  some  students  to  be  the 
remnant  of  the  original  stock  and  that  which 
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most  resembles  il.  They  are  located  along  the 
Baltic  Sea  in  Prussia  and  Russia. 

The  Indo-lranic  group  is  of  special  interest 
because  it  has  the  farthest  eastern  range  and 
for  the  reason  thai  it  is  nearest  the  region 
which  those  who  believe  in  the  Asiatic  origin 
of  the  race  think  was  its  primitive  home. 
The  term  Iranic  is  derived  from  the  plateau 
of  Iran,  which  has  been  thought  by  some  to  be 
the  area  of  dispersal  of  the  race.  The  group 
divides  into  two  divisions,  the  Iranic,  whose  old 
representatives  were  the  Bactrians  and  Persians. 
To-day  it  includes  the  modern  Persians,  the 
Parsees,  generally  known  as  tire-worshippers, 
and  the  tribes  of  Beluchistan,  Afghanistan  and 
neighboring  regions.  The  Indie  branch  com- 
prises the  peoples  occupying  India.  The  most 
prominent  of  these  are  the  Hindus,  Rajpoots 
and  Djats.  The  typical  Brahmins  probably  are 
the  best  representatives  of  the  stock. 

The  Teutonic  group  includes  the  Germans, 
English,  Norwegians,  Swedes  and  Danes,  and 
their  ancestors,  the  Goths,  Vandals,  Angles, 
Saxons,  Norsemen.  These  independent,  aggres- 
sive, progressive  races  have  been  conspicuous  in 
the  history  of  the  past  and  the  activities  of  the 
present.  They  have  spread  throughout  the 
world  as  missionaries  of  business,  education  or 
religion.  They  arc  the  forces  which  operate  in 
all  progressive  government,  and  are  destined  to 
sway  the  world. 

East  of  these  is  the  Slavonic  group.  It  is 
represented  to-day  by  the  Russians,  Poles, 
Czechs,  Bulgarians,  and  other  tribes  of  the 
Danube,  region.  Of  their  ancestors  known  in 
history  are  the  Scythians  and  Massagcta;  The 
Slavonic  tribes  to  the  east,  in  one  direction, 
came  in  contact  with  the  Indo-Iranians  and.  in 
another,  with  some  of  the  branches  of  the  Mon- 
golians. Within  comparatively  recent  times 
some  of  them  have  made  remarkable  progress 
in  civilization. 

The  Hellenic  group  comprised  the  ancient 
Greeks  and  their  relatives.  They  occupied  at 
an  early  date  the  peninsulas  of  Asia  Minor, 
Greece,  the  southern  part  of  lialy  and  con- 
tiguous territory'-  The  progress  of  Greek  cul- 
ture is  familiar.  Greek  language,  literature  and 
art  form  the  basis  of  education  everywhere. 
Their  dominion  was  one  of  the  world's  greatest 
confederacies.  Overthrown  by  the  Romans  and 
subsequently  by  the  Mohammedans,  they  were 
for  generations  hidden  from  the  view  of  the 
progressive  world.  The  Illy ric  stock  is  situated 
near  the  Greeks  in  Turkey.  It  is  represented 
by  the  Albanians.  The  Italic  stock  covered 
most  of  the  Italian  Peninsula.  The  Umbrians, 
Etruscans,  Oscans  and  Latins  were  the  princi- 
pal older  representatives.  They  developed  the 
Roman  Empire,  and  in  the  organization  and  con- 
duct of  government  and  the  framing  of  laws 
they  achieved  a  front  place  in  the  history  of  the 
world. 

The  Celtic  group,  originally  spread  over 
western  Europe,  has  largely  disappeared.  Cer- 
tain parts  of  the  British  Isles  and  the  north  of 
France  contain  the  surviving  members.  These 
are  the  Irish,  Welsh,  Scotch,  Manx  and  the 
people  of  Brittany. 

The  Caurasic  stock  is  represented  by  four 
groups:  Lcsghic,  Circassic,  Kistic  and  Georgic. 
Thcv  occupy  the  Caucasus  Mountain  region. 

The  African  or  Negro  Race  — The  African 
race  occupies  Africa  south  of  the  Sahara  Desert 


and  of  the  Nile  Valley.  It  is  classified  in  three 
groups:  the  Negrillos,  Negroes  and  Negroids. 
Under  Negrillos  (little  Negroes)  arc  grouped 
the  Akkas  and  other  pygmies  of  the  interior  re- 
gion and  the  small-sized  Bushmen  and  Hotten- 
tots farther  south.  The  characters  of  some  of 
these  tribes  are  faithfully  preserved  in  figures 
upon  the  Egyptian  monuments.  The  most 
striking  of  these  physical  features  is  the  peculiar 
growth  and  development  about  the  pelvic 
region.  The  clicks  of  the  Hottentot  and  Bush- 
man languages  find  no  counterpart  in  any 
other  tongue.  The  Negroes  are  confined  chiefly 
to  western  and  central  Africa,  ranging  east  into 
Nubia.  They  comprise  four  subdivisions:  the 
Nilotic,  Sudanese,  Senegambian  and  Guincan. 
The  first  is  confined  to  the  upper  Nile  Valley. 
The  Sudanese  group  is  represented  by  tribes 
in  Sudan  and  westward.  The  western  coast 
south  of  the  Senegal  River  is  the  territory  of 
the  Scnegambians.  Farther  south  toward  the 
Niger  River  are  the  tribes  of  the  Guinea  group. 
This  region  was  the  chief  source  of  the  slave 
trade.  The  descendants  of  the  Guinea  negroes 
found  throughout  the  United  States  arc  living 
witnesses  of  the  slavery  which  existed  there  but 
a  generation  ago. 

The  Negroids  approach  the  Negroes,  but  are 
in  some  ways  quite  different  from  them.  Their 
color  is  brown  rather  than  black;  their  hair  is 
"kinky"  but  not  woolly;  the  nose  is  straight  and 
not  short  and  flat.  They  are  of  two  groups  — 
the  Nubian  and  Bantu.  The  former  are  found 
in  Nubia  and  the  upper  Nile  Valley.  The  latter 
occupies  practically  all  of  southern  Africa  ex- 
cept the  region  of  the  Hottentots  and  Bushmen. 
Among  the  better  known  tribes  are  the  Kaffirs, 
Bcchuanas  and  Zulus.  The  African  race  occu- 
pies a  low  stage  in  culture.  It  has  developed  in 
the  restricted  area  south  of  the  Sahara  basin. 
Probably  it  reached  its  typical  development  in 
the  Niger  Valley. 

The  Asiatic  or  Mongolian  Race.— The 
Asian,  or  Mongolian  race,  is  made  up  of  two 
divisions the  Sinitic  and  Sibiric.  The  Sinitic 
branch  includes  the  Chinese,  Tibetans  and  the 
inhabitants  of  Anam,  Siam,  Burma  and  Cochin 
China.  The  Chinese  have  occupied  their  terri- 
tory' from  quite  early  times.  They  have  devel- 
oped a  peculiar  civilization  and  in  some  par- 
ticulars reached  quite  a  high  stage  of  culture. 
While  there  is  considerable  difference  of 
opinion  whether  the  arts  of  ancient  China  de- 
veloped there  or  were  acquired  from  the 
Aryans  to  the  westward,  it  seems  probable 
that  in  a  great  measure  at  least  they  were 
indigenous. 

The  Sibiric  branch  of  this  race  is  largely 
located  north  of  the  mountains  of  central  Asia, 
ranging  with  the  Arctic  Circle  from  the  Pacific 
to  the  Atlantic  Ocean.  The  six  groups  are  the 
Tungusic.  reaching  from  northern  China  toward 
the  Arctic  Ocean  and  to  Kamchatka.  The 
Mongolic  occupying  the  vast  highlands  west  of 
Manchuria,  Genghis-Khan  and  later  Tamerlane 
established  two  of  the  wide  extended  Mongol 
empires.  The  Tartaric,  another  highland  group, 
has  spread  from  Turkestan  in  several  direc- 
tions. The  Turk  is  the  most  conspicuous  rep- 
resentative, though  much  mixed  with  other 
races.  The  Finnic  is  a  group  of  Mongols  oc- 
cupying northern  Europe.  It  is  represented 
there  by  the  Finns  and  Lapps,  and  farther  south 
by  the  Magyars.    From  there  it  extends  east 
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to  the  Volga  River.  The  rude  tribes  fringing 
the  Arctic  Ocean  in  eastern  Siberia  and  reach- 
ing to  the  Pacific  are  grouped  under  the  name 
Arctic.  The  Chukchis  and  Kamchatkans  are 
of  their  number.  The  Japanese  and  Koreans 
constitute  the  Japanese  group.  The  Japanese 
are  the  most  progressive  and  advanced  of  the 
Asiatic  race. 

The  Oceanic  Race. —  The  Oceanic  race 
may  be  divided  into  three  stocks  —  Negritic, 
Malayic  and  Australic  It  occupies  Australia, 
the  islands  of  the  South  Pacific  and  Indian 
oceans  and  the  adjacent  shores  of  Asia.  In 
their  migrations,  whether  along  the  shores  or 
over  the  seas,  they  have  so  intermingled  that 
their  relationships  are  puzzling.  The  Negritic 
stock  is  represented  by  the  Negritos,  including 
such  small  peoples  as  the  Mincopies  of  the 
Andaman  Islands,  the  Papuans  of  New  Guinea 
and  other  islands,  and  the  Melanesians.  The 
Malayic  stock  is  the  most  conspicuous  and  ener- 
getic of  the  ocean  peoples.  Its  representatives 
are  found  extending  almost  two- thirds  around 
the  world,  reaching  from  Easter  Island  to 
Madagascar.  The  most  typical  Malays  are 
found  in  Malacca,  Sumatra  and  Java,  while 
others  less  marked  extend  from  the  Celebes  to 
the  Philippines.  The  Malays  farther  to  the 
eastward  are  often  called  Polynesians.  From 
their  traditions  it  has  been  possible  to  obtain 
a  fairly  good  idea  of  their  successive  migra- 
tions and  of  the  comparative  time  of  the  settle- 
ment of  the  different  island  groups.  Thev  ex- 
tend from  New  Guinea  to  New  Zealand,  faster 
and  the  Sandwich  Islands.  The  Australic  stock 
includes  the  different  tribes  of  Australia,  the 
extinct  Tasmanians,  and,  according  to  some 
authorities,  the  primitive  peoples  of  the  penin- 
sula of  Hindustan.  The  Australians  are  very 
low  in  culture,  nomadic,  lacking  government 
and  wear  little  or  no  clothing.  "The  life  of 
these  savages  proves  to  be  of  undeveloped 
type,  alike  in  arts  and  institutions,  so  much  so, 
that  the  distinction  of  being  the  lowest  of 
normal  tribes  may  be  claimed  for  them.*— (E. 
B.  Tylor). 

The  American  Race.— The  American  race 
includes  those  peoples  occupying  the  western 
continent  at  the  time  of  its  discovery  hy  white 
men.  For  the  purpose  of  study  they  may  be 
divided  into  seven  groups:  Arctic,  North  At- 
lantic, North  Pacific,  Mexican,  Inter- Isthmian, 
South  Atlantic,  South  Pacific. 

The  Arctic  groups  include  the  Eskimo  and 
Aleutian  peoples.  They  occupy  the  shores  of 
the  oceans  in  Arctic  America  and  extend  from 
Labrador  to  Greenland.  In  the  North  Atlantic 
group  arc  some  Indians  of  wide  range.  The 
Athabascans  extend  from  the  valleys  of  the 
Yukon  and  lower  Mackenzie  to  Arizona;  while 
farther  to  the  southward,  reaching  into  Mexico, 
the  warlike  Apaches  arc  of  this  group.  The 
Algonkins  ranped  from  Newfoundland  to  the 
Rocky  Mountains  and  from  the  Churchill  River 
Valley  and  Hudson  Pay  southward  throughout 
the  Ohio  and  Mississippi  valleys  to  the  Ten- 
nessee River.  These  included  most  of  the 
Indians  encountered  bv  the  early  settler?  Their 
names  are  more  or  less  familiar  to  us  from 
history.  The  intelligent  Iroquois,  the  formi- 
dable Dakotas  (Sioux),  the  southern  Indians, 
some  of  whom  built  mounds  within  historic 
times,  and  the  tribes  of  the  interior  plains  also 
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belong  to  this  division.  The  North  Pacific 
group  includes  a  number  of  tribes  west  of  the 
Rocky  Mountains,  many  of  which  are  small  and 
represent  distinct  linguistic  stocks.  Several  of 
these  tribes  have  the  head  artificially  deformed 
These  include  the  Flatheads  and  Ncz  Percys 
(Pierced  Noses).  The  Cliff-dwellers  and 
Pueblo  tribes  of  the  arid  regions  of  the  south- 
western United  States  arc  placed  here.  The 
Mexican  group  is  notable  because  of  the  state  of 
civilization  attained  by  the  Aztecs,  its  best- 
known  tribe.  The  organization  developed,  gov- 
ernment established,  education  acquired,  build- 
ings constructed  and  arts  pursued  were  un- 

aualed  by  any  tribe  of  the  American  race.  The 
ayas  were  the  most  important  tribe  of  the 
Inter-Isthmian  group.  They  were  builders  of 
note,  elaborate  decorators  of  stone  and  mural 
artists.  The  South  Atlantic  group  occupied  the 
Atlantic  coast  of  South  America.  They  were 
chiefly  wandering  tribes  without  settled  habita- 
tions. The  Quichuas  of  Peru  are  the  best- 
known  tribe  of  the  South  Pacific  group  They 
attained  higher  civilization  than  any  other 
South  American  tribe.  They  developed  agri- 
culture, domesticated  animals,  constructed  large 
buildings  of  stone,  were  expert  workers  in 
metals  and  devised  a  method  of  record  keeping 
by  means  of  strings  and  knots  called  quippus. 
Sec  Anthropology;  Ethnology;  Man,  Chris- 
tian Anthropology;  Man,  Prehistoric  Races 
of;  Embryology,  Human. 
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Smithsonian  Institution. 

ETHOLOGY.   See  Bionomics. 

ETHYL,  the  organic  radical  C,H>,  which 
occurs  in  many  carbon  compounds,  but  which 
is  not  known  to  exist  in  the  free  slate.  Its 
most  important  compounds  are  ethvl  hydrate,  or 
ethyl  alcohol  (see  Alcohol)  and  ethyl  oxide, 
popularly  known  as  ether  (q.v  )  ;  but  the  iodide. 
GH»I,  which  is  formed  by  acting  upon  ethyl 
alcohol  with  iodine  in  the  presence  of  phos- 
phorus, is  also  of  much  importance  in  synthetic 
chemistry. 

ETHYL  NITRATE.  See  Nitrous  Ether. 

ETHYLAMINE,  an  amine  (q.v.)  in  which 
one  or  more  of  the  hydrogen  atoms  of  ammonia, 
NH,,  is  replaced  by  the  radical  ethyl,  GHn. 
Three  compounds  of  this  sort  are  possible,  and 
all  have  been  actually  prepared.  When  only 
one  of  the  hydrogen  atoms  of  the  ammonia  has 
been  replaced,  the  resulting  compound.  NH=. 
GH>,  is  known  as  mono-cthylamine,  or  ethyl 
mortamine;  and  it  is  this  substance  which  is 
understood  when  the  word  cthvlaminc  is  used 
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without  qualification.  NH(GH»)i  is  known  as 
diethylamine,  and  N.(GH»)t  is  called  trieth- 
ylamme.  All  three  are  formed  when  absolute 
alcohol  is  heated  with  zinc  chloride,  in  closed 
tubes,  to  500°  F. ;  and  they  may  then  be  sep- 
arated by  the  crystallization  of  their  picratcs. 
Ethylamine  (that  is,  the  mono-amine)  may  also 
be  prepared*  by  boiling  cyanic  ether  with  an 
aqueous  solution  of  caustic  potash,  absorbing 
the  liberated  gas  by  passing  it  through  hydro- 
chloric acid,  and  finally  drying  the  ethylamine 
hydrochloride  that  is  so  formed,  and  distilling 
it  with  quicklime.  AH  three  of  the  ethylamines 
are  alkaline,  all  smell  strongly  of  ammonia  and 
all  combine  with  acids  to  form  salts.  The  mono- 
amine is  a  colorless,  caustic,  inflammable  liquid, 
burning  with  a  yellow  flame,  having  a  specific 
gravity  of  0.70,  boiling  at  68°  F.,  and  not  solid- 
ifying* at  220  below  zero,  F.  Diethylamine 
(which  may  be  prepared  by  heating  the  mono- 
amine with  ethyl  bromide  is  also  volatile,  color- 
less and  inflammable,  with  a  specific  gravity  of 
072,  and  boils  at  133  F.,  under  ordinary  atmos- 

[iheric  pressure.  Tricthylaminc  is  an  oily 
iquid,  alkaline,  and  similar  to  the  other  two 
in  general  character.  It  has  a  specific  gravity 
of  0.73,  boils  at  194°  F.,  and  its  critical  temper- 
ature (according  to  Pawlcwski)  is  513°  F. 
(Sec  Critical  Point).  Tricthylaminc  is  but 
slightly  soluble  in  water ;  diethylamine  dissolves 
in  water  freely;  mono-ethylamine  mixes  with 
water  with  a  considerable  rise  in  temperature, 
and  the  probable  formation  of  a  hydrate,  though 
it  is  entirely  expelled  again,  upon  boiling. 

ETHYLENE,  a  gaseous  hydrocarbon  hav- 
ing the  formula  GH4,  and  constituting  the  first 
member  of  the  olefine  series.  It  is  formed  in 
the  dry  distillation  of  numerous  organic  bodies, 
and  constitutes  4  to  5  per  cent  of  ordinary  coal 
gas.  It  is  most  conveniently  prepared  for  labor- 
atory purposes  by  mixing  1  part  of  alcohol  with 
4  parts  of  sulphuric  acid,  adding  enough  sand 
to  form  a  paste,  and  heating  the  mass  over 
a  flame.  The  sand  takes  no  part  in  the  chemis- 
try of  the  process,  but  merely  serves  to  regu- 
late the  action.  The  sulphuric  acid,  owing  to 
its  affinity  for  water,  removes  the  elements  of 
water  from  the  alcohol,  and  thereby  liberates 
the  ethylene,  GIUOH^HiO+GH..  Ethylene 
is  a  colorless  gas,  which  burns  with  a  bright 
flame,  a  five- foot  burner,  using  the  pure 
gas,  yielding  a  light  of  68  candle-power.  It 
may  be  condensed  to  a  transparent  liquid  which 
boils,  under  ordinary  atmospheric  pressure,  at 
153"  F.  below  zero,  and  freezes  at  272°  F.  be- 
low zero.  Ethylene  is  an  unsaturated  compound, 
and  combines  directly  with  hydrogen  *  when 
mixed  with  that  gas  and  led  over  platinum 
black ;  the  product  of  the  combination  being 
ethane,  GH«.  Mixed  with  three  times  its  own 
volume  of  oxygen,  and  fired  by  a  spark,  ethylene 
explodes  with  great  violence.  When  it  is  mixed 
with  chlorine  in  the  dark,  combination  takes 
nlare  according  to  the  formula  GH.+2C1=G 
H.Cb.  the  new  substance  being  an  oily  fluid, 
known  as  ethylene  dichloride,  or  "Dutch  liquid." 
It  is  on  account  of  this  reaction  that  ethylene 
was  formerly  called  "olefiant"  (or  "oil-form- 
ing") gas.  It  will  be  observed  that  the  fore- 
going reaction  is  an  additive  one.  In  diffuse 
daylight  chlorine  attacks  the  dichloride  of  ethy- 
lene, with  the  formation  of  more  highly 
chlorinated  substitution  products,  of  which  the 
highest  is  GCL. 
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ETHYLENE  DICHLORIDE.  See  Dutch 
Liquid. 

ETIENNE,  Charles  GoilUume,  sharl  ge 
y&m  a-te-en,  French  dramatist:  b.  Chamouilly, 
6  Jan.  1778;  d.  Paris,  13  March  1845.  Under 
the  First  Empire  he  was  censor,  editor-in-chief 
of  the  Journal  of  the  Empire,  and  a  member 
of  the  Academy.  He  took  part  in  Napoleon's 
campaigns  in  Italy,  Germany,  Poland  and 
Austria.  At  the  Restoration  he  was  expelled 
from  the  Academy,  and  thereafter  as  editor 
of  the  Constitutional  was  a  power  on  the 
side  of  the  opposition.  His  comedies  give 
proof  of  brilliant  fancy,  elegant  style,  and  great 
constructive  skill;  'The  Two  Sons-in-Law'  is 
the  best  comedy  of  the  Imperial  Era,  and  not 
unworthy  of  Molierc.  He  composed  many 
farces,  vaudevilles,  operettas  and  spectacular 
pieces,  which  had  unbounded  success;  and  his 
operas,  'Cinderella'  and  'Joconde,'  were  the 
delight  of  Paris.  He  wrote  a  'History  of 
the  French  Theatre.' 

ETIENNE  DU  MONT,  a-te-en  du  mon 
(Fr.  "Saint  Stephen  of  the  Mount»),  a  fine 
church  of  mediaeval  Paris.  It  was  founded  in 
1220;  its  completion  and  restoration  were  begun 
in  1517,  and  the  building  reached  its  present 
perfection  in  1626.  The  shrine  of  Saint  Gene- 
vieve, heroine  and  patron  saint  of  Paris  is  its 
principal  point  of  antiquarian  interest,  but  it  is 
also  the  burial-place  of  Pascal  and  Racine. 

ETIOLATION,  ftl-6-1a'sh6n,  the  altera- 
tion in  the  color  and  the  structure  of  plants  due 
to  the  absence  of  light  during  growth.  The  most 
noticeable  changes  are  paleness  and  elongation 
of  the  stems.  The  elongation  is- due  to  the  ex- 
tension of  the  cells,  and  the  paleness  to  the 
non-development,  arrested  development  or  de- 
struction of  the  chlorophyll  or  green  coloring 
matter  of  the  plant.  Other  phenomena  are  im- 
perfect development  of  leaves,  altered  method 
of  branching  and  various  modifications  of 
tissues,  especially  in  the  imperfect  development 
of  the  cell  waifs,  which  do  not  attain  normal 
thickness.  Agriculturally,  etiolation  is  either  a 
fault  to  be  shunned  or  a  useful  process.  In  the 
first  case  it  is  often  responsible  for  the  "lodg- 
ing" of  wheat  and  other  grain-crops  sown  too 
thickly,  the  bases  of  the  stems  being  shaded  so 
much  that  the  cells  fail  to  develop  normal 
strength,  and  when  the  heads  form  the  wind 
easily  beats  down  the  plants.  The  sprouting 
of  potatoes,  turnips,  etc.,  is  also  undesirable. 
But  etiolation  is  utilized  in  the  blanching  of 
various  plants,  such  as  asparagus  and  sea-kale, 
and  especially  salads  such  as  celery,  endive  and 
chicory.  The  process  involves  the  exclusion  of 
light  by  means  of  earth  banked  around  the 
stems,  by  boards,  paper,  etc.,  or  by  tying  the 
outer  leaves  loosely  over  the  inner  ones  as  with 
endive  or  with  cauliflower.  Rhubarb  is  often 
grown  in  darkness.  In  general,  tenderness  and 
modifications  in  flavor  arc  the  chief  ends  sought 
in  the  process. 

ETIOLIN,  in  botany,  a  name  given  by  the 
older  authors  to  the  carotin  of  etiolated  plant 
structures.    Sec  Carotin. 

ETIOUETTE,  Madame,  the  nickname  of 
the  Duchcssc  de  Noaillcs,  mistress  of  cere- 
monies at  the  French  court  in  the  time  of  Marie 
Antoinette,  he-cause  of  her  rigid  adherence  to 
the  formalities  or  prescriptions  for  the  various 
ceremonies  at  court. 
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ETIQUETTE,  itl  ket,  a  collective  term  for 
the  established  ceremonies  and  usages  of  society. 
Among  courts  the  Byzantine  and  Spanish  courts, 
and  the  French  court  under  Louis  XIV  and 
Louis  XV,  were  noted  for  the  strictness  of 
their  etiquette.  Social  etiquette  consists  in  so 
many  minute  observances  that  a  tolerable 
familiarity  with  it  can  be  acquired  only  by  a 
considerable  intercourse  with  polite  society. 
Quickness  of  sympathy  and  a  certain  fineness 
of  observation  are  more  needed  for  proficiency 
in  this  sphere  than  mere  power  of  intellect. 
The  term  is  derived  from  the  French  word 
etiquette,  originally  a  slip  of  paper  affixed  to 
a  packet  to  indicate  its  contents.  This  term 
has  come  to  mean  the  various  decorums  to  be 
observed  in  the  ordinary  intercourse  of  life, 
and  especially  the  comportment  on  state  oc- 
casions perhaps  from  the  custom  formerly  of 
distributing  tickets  or  slips  of  paper  to  each 
person  containing  the  rules  to  be  observed  by 
him  or  her  at  the  ceremony.  The  word  is  also 
used  by  the  members  of  certain  professions  to 
designate  the  rules  to  be  observed  by  the  mem- 
bers, e.g.,  "legal  etiquette,*  etc.  In  the  latter 
sense,  however,  it  has  been  supplanted  by  the 
word  "ethics." 

ETIVE,  etlv,  Loch,  an  inlet  from  the  Firth 
of  Lome,  in  north  of  Argyllshire,  west  coast 
of  Scotland.  The  river  Awe,  the  outlet  of 
Loch  Awe,  and  the  river  Etive  flow  into  it 
At  Conncl  Ferry,  about  three  miles  from  the 
sea,  it  is  barely  200  yards  wide,  and  is  crossed 
by  a  ridge  of  sunken  rocks.  The  depth  here 
at  low  water  is  six  feet;  the  inflowing  tide, 
which  rises  14  feet,  rushes  with  tremendous 
force  through  the  narrow  channel,  breaking 
into  raging  foam  which  may  sometimes  be 
heard  miles  away.  Dunstaffnage,  a  13th  century 
castle,  once  a  royal  fortress,  is  near  its  mouth. 

ETLAR,  Carit,  pseudonym  of  Kari.  Bros- 
roli.,  Danish  realistic  novelist:  b.  Fridericia,  7 
April  1816;  d.  1900.  His  first  story  was  < The 
Smuggler's  Son*  (1839)  ;  of  his  later  writings, 
the  historical  tale  of  'The  Queen's  Captain  of 
the  Guard*  and  the  realistic  story  *The  People 
in  Need'  (1878)  arc  the  most  popular;  his 
verse  also  has  merit.  An  edition  of  his  collected 
works  was  published  in  1859-68,  with  an  addi- 
tional collection  in  1873-79;  a  new  addition  ap- 
peared in  1888. 

ETNA,  or  JETNA,  a  volcano  in  the  eastern 
part  of  the  province  of  Catania,  on  the  island 
of  Sicily,  and  the  largest  active  volcano  in 
Europe  and  the  highest  mountain  in  Italy. 
Directly  north  is  the  vallcv  of  Alcantara,  on 
the  west  and  south,  the  valley  of  Simcto.  and 
on  the  cast,  the  Ionian  Sea.  From  the  waters 
on  the  cast,  which  are  in  depth  from  5,000  to 
6,000  feet,  Etna  rises  cone-like  to  a  height  of 
about  10,875  feet;  but  on  the  south  and  west  it 
seems  formed  of  superimposed  mountains,  the 
terminal  being  surrounded  by  a  number  of 
cones,  all  of  volcanic  origin,  about  nine  of  which 
arc  of  considerable  size.  The  circumference 
at  the  base  is  about  90  miles.  Around  the 
mountain  and  at  the  lower  slope  arc  a  number 
of  villages,  cultivated  fields,  groves  of  olive-, 
orange-,  fig-  and  date-trees;  and  a  little  higher 
up  is  a  belt  of  forest  with  oak.  birch,  beech 
and  conifers?.  Above  7.000  feet  vegetation  is 
scanty,  the  cone  is  almost  bare;  rocky  preci- 
pices, lava  beds,  masses  of  ashes  and  scoria?  arc 


visible  at  its  summit  except  where  covered  by 
snow.  A  deep  depression,  Val  dc  Bove,  on  the 
eastern  side,  was  once  the  principal  craier; 
and  frequently  lava  has  issued  out  of  the  sides 
of  the  mountain,  thus  forming  small  cones  and 
craters,  about  200  of  which  are  now  distinctly 
marked.  The  summit  is  usually  altered  with 
every  eruption.  From  the  summit  may  be  seen 
the  whole  of  the  island  of  Sicily,  the  Li  pari 
Islands,  Malta  and  Calabria. 

The  eruptions  of  Etna  have  been  numerous 
and  many  of  them  destructive;  more  than  80 
have  been  recorded.  11  of  which  occurred  be- 
fore the  Christian  Era.  That  of  1169  a  d.  over- 
whelmed Catania  and  buried  15,000  persons  in 
the  ruins.  In  1669  the  lava  spread  over  the 
country  for  40  days,  and  10.000  persons  are 
estimated  to  have  perished.  In  1693  there  was 
an  earthquake  during  the  eruption,  when  over 
60,000  lives  were  lost.  One  eruption  was  in 
1755,  the  year  of  the  Lisbon  earthquake.  Among 
more  recent  eruptions  are  those  of  1852,  1865, 
1874,  1879.  1886,  1892.  1909  and  1911.  An  erup- 
tion is  ordinarily  preceded  by  premonitory 
symptoms  of  longer  or  shorter  duration.  In 
Greek  mythology  there  arc  found  frequent 
allusions  to  Etna,  especially  in  the  legends 
of  Enceladus  and  Hiphaestus.  Consult  Dana, 
'Characteristics  of  Volcanoes' ;  Knecland,  'Vol- 
canoes. 1 

ETNA,  Pa.,  borough  in  Allegheny  County, 
on  the  Allegheny  River,  the  Baltimore  and  Ohio 
and  a  branch  of  the  Pennsylvania  railroads. 
It  is  really  a  suburb  of  Pittsburgh,  with  only 
the  Allegheny  River  between.  The  chief  in- 
dustries arc  in  connection  with  the  iron  and 
steel  products  for  which  this  part  of  the  State 
is  famous.  It  has  rolling  mills,  furnaces,  steel 
mills,  galvanizcd-pipc  works  and  other  manu- 
factures. The  waterworks  and  electric-light 
plant  are  owned  by  the  borough.    Pop.  5,830. 

ETON,  England,  village  and  parish,  in  the 
county  of  Buckingham,  on  the  Thames,  21 
miles  west-southwest  of  London.  It  consists 
principally  of  one  narrow  street  which  has  of 
late  years  been  much  improved.  An  iron  bridge 
across  the  Thames  connects  Eton  with  Windsor, 
from  which  it  is  separated  only  by  the  river. 
Eton  derives  its  celebrity  from  its  college. 
Pop.  3,192. 

ETON  COLLEGE,  the  most  famous  of 
English  public  schools,  was  founded  by  Henry 
VI  in  1440,  under  the  name  of  "The  College 
of  the  Blessed  Virgin  Mary  Beside  Windsor.* 
The  present  collegiate  edifice  was  begun  in  1441 
and  the  whole  of  the  original  structure  was  com- 
pleted about  1523.  Important  additions  were 
made  in  1846,  and  also  in  1889.  This  school  was 
intended  originally  for  the  benefit  of  the  sons 
of  worthy  but  poor  parents,  and  also  for  the 
support  of  25  poor  infirm  men ;  and  was  to  be 
maintained  out  of  the  incomes  from  the  royal 
demesne  lands.  Now  the  students  admitted  are 
the  sons  of  the  gentry  and  nobility,  and  so 
numerous  are  the  applicants  that  it  is  usual  to 
enter  the  names  at  birth.  The  scholarships  are 
open  to  all  British  subjects;  but  candidates  must 
be  12  years  or  over  and  not  more  than  14  years, 
and  must  pass  an  examination.  A  certain  num- 
ber of  the  students,  not  under  17  vcars,  arc 
elected  each  year  to  scholarships  at  king's  Col- 
lege, Cambridge.  The  number  of  pupils  on  the 
foundation  is  limited  to  70.  but  the  number  out- 
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side,  called  oppidans,  who  board  and  lodge  in 
the  houses  of  the  masters  is  about  1,000.  The 
course  of  instruction  is  mainly  classical,  but 
modern  languages,  mathematics  and  the  natural 
sciences  are  given  now  a  due  share  of  attention. 
The  college  roll  includes  the  most  famous  names 
in  more  recent  English  history  in  nearly  every 
department  of  service,  and  especially  among 
statesmen  and  administrators.  Consult  Cust, 
'Eton  College' ;  Lytc,  'History  of  Eton  Col- 
lege* (1440-1898). 

ETOROFU,  a'to-rtVfoo,  or  ITURUP, 
e-too-roop',  (1)  an  island;  (2)  a  strait;  in  the 
most  northerly  part  of  Japan.  The  island  be- 
longs to  the  Kurile  group.  Area,  1,500  square 
miles. 

ETOSA  LAKE.   See  Kunene. 

ETOURDI,  L\  a  comedy  of  Moliere, 
which  was  first  produced  at  Lyons  in  the  year 
1653.   See  MouBaE. 

ETOWAH  MOUND.  See  Mound  Build- 
ers and  Mounds. 

ETRETAT,  France,  a  fashionable  summer 
resort  on  the  English  Channel,  17  miles  east 
of  Havre,  in  the  department  of  Seine-In- 
ferieure.  It  contains  a  casino,  bathhouses,  a 
fine  strand  and  many  summer  residences.  It  is 
famed  for  its  gatherings  of  litterateurs  and 
artists.   Pop.  (commune)  1,973. 

ETRURIA,  c-troo'ri-a  (Greek  Tyrrhenta), 
the  name  anciently  given  to  that  part  of  Italy 
which  corresponded  with  the  greater  part  of 
modern  Tuscany  and  part  of  Umbria,  and  was 
bounded  by  the  Mediterranean,  the  Apennines, 
the  river  Magra  and  the  Tiber.  The  name  Tus- 
cia,  for  the  country,  came  into  use  in  late  times, 
while  Tusci,  as  well  as  Etrusci,  was  used  by  the 
Romans  as  the  appellation  of  the  people  from 
an  early  period.  The  oldest  inhabitants  of  the 
country  belonged,  according  to  the  accounts 
of  the  ancients,  to  the  Umbrian  stock  and  were 
dispossessed  by  the  Tyrrhenians  or  Tyrsenians, 
a  people  who  came  by  sea  and  who  were  gen- 
erally believed  to  be  Lydians.  These  again 
were  in  early  times  subjected  by  another  race 
who  called  themselves  Rasena  and  who  finally 
became  incorporated  with  the  Tyrrhenians 
proper,  the  whole  nation  then  being  called  Tus- 
cans or  Etruscans.  These  Rasena,  by  ancient 
writers  usually  confounded  with  the  Tyrrhe- 
nians, entered  Italy  at  a  very  early  period  from 
the  north  and  gradually  took  possession  of  the 
whole  country  from  the  Alps,  Ticino  and  lower 
Adigc  on  the  south. 

To  what  race  the  Etruscans  belonged  is  un- 
known and  our  ignorance  is  equally  great  with 
regard  to  their  language,  remains  of  which  still 
exist  in  numerous  inscriptions  mostly  on  tombs. 
It  appears  to  have  been  quite  distinct  from  the 
languages  of  the  rest  of  Italy,  but  attempts  to 
connect  it  with  the  Greek,  Celtic,  Germanic  or 
Semitic  languages  have  had  little  or  no  success. 
The  characters  used  are  essentially  the  ancient 
Greek  and  were  either  introduced  from  Magna 
Grxcia  or  possibly  from  Corinth.  Etruria  was 
very  early  a  confederation  under  the  rulers  of 
the  12  principal  cities,  cadi  of  which  formed  a 
republic  by  itself.  The  chief s  of  these  republics 
were  styled  lucumoncs,  who  were  also  the  priests 
and  generals  and  held  their  meetings  in  the 
temple  of  Voltumna,  where  they  deliberated  to- 
gether on  the  general  affairs  of  the  country.  In 


-ETRURIA 

all  the  cities  there  appears  to  have  been  an 
aristocracy,  toward  which  the  mass  of  the  com- 
mon people  stood  in  the  relation  of  clients, 
though  there  would  no  doubt  be  a  body  of  en- 
tirely free  men  resembling  the  plebeians  at 
Rome.  The  religion  of  the  Etruscans  offers  a 
subject  of  great  difficulty,  but  it  is  at  least  cer- 
tain that  it  had  many  points  in  common  with  the 
religious  systems  of  the  Sabines  and  Latins, 
while  in  some  respects  it  shows  evidences  of  an 
Eastern  origin.  Among  the  deities  may  be  men- 
tioned Tina  or  Tinia,  corresponding  to  the 
Latin  Jupiter;  Cupra,  corresponding  to  Juno; 
Menerfa  (Minerva);  Sethlans  (Vulcan); 
Turms  (Mercury);  and  Aplu  or  Apulu 
(Apollo). 

What  may  be  called  the  Etruscan  Era  com- 
menced about  1044  B.C.  They  became  the  domi- 
nant race  in  northern  and  central  Italy  and 
Rome  itself  fell  under  their  rule  and  was  ruled 
by  Etruscan  kings.  In  the  maritime  wars  they 
were  in  alliance  with  Carthage  against  Greece. 
The  zenith  of  their  power  was  in  the  6th  cen- 
tury B.C.,  when  with  the  Greeks  and  the  Phoeni- 
cians they  shared  the  maritime  supremacy  of 
the  Mediterranean.  Their  naval  power  was 
shattered  in  474  B.C.  by  Hicro  I  of  Syracuse  and 
after  this  their  decline  was  rapid.  The  Gauls 
swarmed  over  the  Alps  in  396  ac;  in  351  the 
southern  Etruscans  made  submission  to  the 
Romans ;  and  the  process  of  conquest  was  com- 
pleted by  the  subjugation  of  the  northern 
Etruscans  in  282  b.c.  After  this  they  became 
merged  in  their  conquerors,  on  whom  they  ex- 
ercised a  considerable  influence  in  religious, 
social  and  political  life. 

The  chief  occupations  of  the  Etruscans  were 
agriculture  and  commerce,  both  maritime  and 
overland.  Grain,  wine,  timber,  cattle  and  wool 
seem  to  have  been  the  principal  articles  of  trade. 
The  staple  food  of  the  common  people  was 
pulse,  but  the  upper  classes  were  notorious  for 
extravagance  in  their  diet  as  well  as  in  dress 
and  in  furniture.  Their  knowledge  of  the  arts 
and  sciences  is  said  to  have  been  derived  mainly 
from  Greece  and  in  a  less  degree  from  Egypt. 
The  iron  mines  and  copper  mines  in  the  interior 
of  Etruria  were  worked  at  a  very  remote  pe- 
riod and  the  metallurgical  skill  shown  by  the 
Etruscans  was  obviously  connected  with  their 
proficiency  in  the  art  of  working  in  bronze, 
silver,  gold,  etc.  Of  Etruscan  architecture  our 
knowledge  is  limited ;  but  their  cities  were  laid 
out  on  a  quadrangular  plan  and  strongly  forti- 
fied. The  so-called  Tuscan  order  seems  to  be 
little  else  than  a  modification  of  the  Doric.  Of 
their  temples  there  exist  no  traces;  the  theatres 
have  been  more  fortunate,  that  at  Ficsole  show- 
ing how  much  in  this  form  of  construction  they 
owed  to  the  Greeks.  The  sepulchres,  which 
were  always  subterranean,  but  frequently  having 
superstructures  of  an  architectural  character 
surmounting  them,  present  many  varieties  of 
construction. 

For  articles  in  tcrra-cotta  the  Etruscans  were 
especially  celebrated.  These  were  not  restricted 
to  small  objects,  but  embraced  statues  and 
figures  of  large  size,  with  which  the  exteriors 
and  interiors  of  their  temples  were  adorned 
Closely  related  to  this  branch  of  art  was  the 
Etruscan  pottery,  in  the  manufacture  of  which 
they  excelled ;  but  the  only  extant  productions 
of  this  class  that  can  be  said  to  be  genuine  arc 
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the  red  ware  of  Arrctiutn  and  the  black  ware  of 
Clusium  ornamented  with  figures  in  relief,  many 
of  them  of  a  grotesque  and  strongly-marked 
Oriental  character.  On  the  other  hand,  numbers 
of  the  painted  vases  popularly  known  as  Etrus- 
can vases  are  undoubtedly  productions  of  Greek 
workmen,  the  subjects,  the  style  and  the  inscrip- 
tions being  alt  Greek.  The  skill  of  the  Etrus- 
cans in  works  of  bronze  is  attested  by  many 
ancient  writers,  and  also  by  numerous  extant 
specimens.  The  style  of  art  characteristic  of 
these  works  is  stiff  and  archaic,  having  some 
resemblance  to  the  early  Greek,  though  some 
of  the  existing  specimens  exhibit  more  freedom 
of  design  and  great  beauty  of  execution.  The 
bronze  candelabra,  of  which  many  examples 
have  been  preserved,  were  eagerly  sought  after 
both  in  Greece  and  Rome.  Another  branch  of 
art  which  seems  to  have  been  peculiar  to  this 
people  was  that  of  the  engraved  bronze  mirrors, 
a  considerable  number  of  which  has  been  dis- 
covered, some  quite  recently.  These  mirrors 
were  polished  on  one  side,  and  have  on  the 
other  an  engraved  design,  taken  in  most  cases 
from  Greek  legend  or  mythology.  Consult 
Dennis,  'The  Cities  and  Cemeteries  of  Etruria' 
(1892);  Seymour,  'Up  Hill  and  Down  Dale  in 
Ancient  Etruria'  (1910). 

ETRURIA,  Kingdom  of,  the  name  given 
to  the  province  of  Tuscany,  in  Italy,  when,  in 
1801,  Napoleon  formed  of  it  a  kingdom,  and 
made  Florence  the  capital.  In  1808  he  incor- 
porated it  with  the  French  Empire,  and  in  1809 
his  sister,  Elise  Bacciocchi,  was  made  Grand 
Duchess  of  Tuscany.  When  Napoleon  became 
an  exile  in  1814,  Tuscany  reverted  to  Austria, 
and  Frederick  III  became  king. 

ETRUSCAN.   See  Etruria. 

ETRUSCAN  VASES,  a  class  of  beautiful 
ancient  painted  vases  made  in  Etruria,  but  not 
strictly  speaking  a  product  of  Etruscan  art, 
since  they  were  really  the  productions  of  a  ripe 
age  of  Greek  art,  the  workmanship,  subjects, 
style  and  inscriptions  being  all  Greek.  They 
are  elegant  in  form  and  enriched  with  bands  of 
beautiful  foliage  and  other  ornaments,  figures 
and  similar  subjects  of  a  highly  artistic 
character.  One  class  has  black  figures  and 
ornaments  on  a  red  ground  —  the  natural  color 
of  the  clay;  another  has  the  figures  left  of 
the  natural  color  and  the  ground  painted  black 
The  former  class  belong  to  a  date  about 
600  B.C.  the  latter  date  about  a  century  later, 
and  extend  over  a  period  of  about  350  years, 
when  the  manufacture  seems  to  have  ceased. 
The  subjects  represented  on  these  vases  fre- 
quently relate  to  heroic  personages  of  the  Greek 
mythology,  but  many  scenes  of  an  ordinary  and 
even  of  a  domestic  character  are  depicted.  The 
figures  are  usually  in  profile. 

ETSCH.   See  Apice. 

ETTINGHAUSEN,  Konstantin,  Baron 
von,  Austrian  geologist  and  botanist :  b.  Vienna, 
1826;  d.  1807.  He  was  educated  in  his  native 
city  and  became  professor  of  botany  and  of 
medical  natural  history  at  the  Joseph  Academy 
in  1854.  He  removed  to  Gratz  in  1871  and 
seven  years  later  was  engaged  by  the  British 
Museum  to  arrange  the  collection  of  fossil 

flants  there.    His  works  include  'Physiotypia 
'lantarum  Austriacarum)  (2  vols.,  1856-73)  ; 
'Physiographis  dcr  Medizinalpfanzen'  (1862)  ; 
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'Beitrage  zur  Erforschung  der  Phylogenie  der 
Pfianzenarten'  (7  vols.,  1877-80). 

ETTLINGEN,  etllng-en,  Germany,  town 
in  the  grand  duchy  of  Baden,  on  the  Alb,  five 
miles  south  of  Karlsruhe.  It  is  an  ancient 
place,  containing  some  Roman  remains ;  is  en- 
tered by  three  gates,  and  has  an  old  castle  with 
gardens,  town-house,  hospital,  normal  and  other 
schools,  manufactures  of  machinery,  linen  and 
cotton  goods,  starch,  leather  and  paper.  Near 
the  town  the  Archduke  Charles  of  Austria  here 
suffered  defeat  at  the  hands  of  Moreau,  9  and 
10  July  1796.    Pop.  9,407. 

ETTMULLER,  Ernst  Moritz  Ludwig, 

lood'vlg  ct'mul-Ier,  German  philologist  and 
historian:  b.  Gersdorf,  Saxony,  5  Oct.  1802; 
d.  Zurich,  15  April  1877.  He  was  graduated 
at  Leipzig;  lectured  at  Jena  on  the  German 
poets  of  the  Middle  Ages;  in  1833  went  to 
the  Gymnasium  at  Zurich  and  in  1863  he  be- 
came professor  of  German  literature  in  the 
University  of  Zurich.  He  made  extensive  re- 
searches in  German  mediaeval  literature  and 
was  author  of  'German  Dynasty  Founders' 
(1844);  and  other  epic  poems,  besides  the 
'Anglo-Saxon  Lexicon'  (1852).  He  also 
translated  'Beowulf  into  German. 

ETTOR,  Joseph  J.,  American  industrial 
agitator :  b.  1886.  He  came  into  prominence 
during  the  labor  troubles  at  Patcrsont  N.  J., 
Brooklyn,  N.  Y.,  and  elsewhere,  but  attained  his 
greatest  attention  in  conducting  the  textile 
workers  during  the  strike  at  Lawrence,  Mass., 
in  1912.  For  his  methods  in  this  affair  he  was 
sentenced  to  nine  months'  imprisonment,  having 
been  held  responsible  for  the  death  of  a  woman 
shot  in  a  riot  there  on  29  Jan.  1912.  After  his 
release  he  was  again  prominent  in  the  waiters' 
strike  in  New  York  in  1913  and  the  barbers' 
strike  in  the  same  city  in  1914.  He  is  promi- 
nently identified  with  the  Industrial  Workers 
of  the  World,  of  the  executive  council  of  which 
he  became  a  member. 

ETTRICK,  et'rik,  a  district  of  Scotland,  in 
Selkirk,  through  which  the  Ettrick  water  runs. 
It  is  now  a  sheep  pasture,  denuded  of  wood, 
but  in  ancient  times  it  formed  part  of  Ettrick 
Forest,  which  included  the  whole  country  as 
well  as  parts  of  Peebles  and  Edinburgshire. 
The  "Ettrick  Shepherd,*  James  Hogg,  was  a 
native  of  this  district.  Consult  Craig-Brown, 
•History  of  Selkirkshire'  (Edinburgh  1886). 

ETTRICK  SHEPHERD,  The.  See  Hogg, 
James. 

ET  TU  BRUTE  («and  thou  also,  Brutus'), 
the  words  supposed  to  have  been  uttered  by 
Julius  Oesar  at  the  moment  he  was  stabbed  by 
Brutus.  There  is,  however,  no  ancient  author- 
ity for  attributing  this  utterance  to  Csesar,  and 
it  is  probable  that  the  popular  impression  is 
due  to  the  use  of  these  words  by  Shakespeare 
in  his  play,  'Julius  Csesar.'  Other  dramatists 
of  the  same  period  also  used  the  phrase. 

ETTWEIN,  et'vln.  John,  American  Mora- 
vian bishop:  b.  Trendenstadt,  Wiirtcmberg,  29 
June  1721 ;  d.  Bethlehem,  Pa.,  2  Jan.  1802.  He 
came  to  America  in  1754  and  for  nearly  50 
years  worked  among  the  Moravians  as  evangel- 
ist, pastor  and  bishop.  He  traveled  thousands 
of  miles,  oftentimes  on  foot,  preaching  in  11  of 
the  13  colonies  and  in  what  is  now  the  State  of 
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Ohio,  "in  cities,  in  villages,  in  homesteads,  from 
pulpits,  in  the  open  air,  in  courthouses  and 
barns  to  many  and  very  different  classes  of 
men,"  as  he  himself  wrote.  Among  the  Indians, 
too,  he  worked  with  great  success.  In  1776-77 
he  rendered  noble  services  to  the  sick  and 
wounded  of  the  American  army  in  the  general 
hospital  at  Bethlehem,  Pa.  Elected  bishop  in 
1784,  he  presided  over  his  Church  for  nearly  17 
years,  displaying  the  soundest  judgment  in 
matters  of  polity  and  a  fine  personal  heroism 
in  critical  circumstances.  In  1787  he  founded 
the  Society  for  Propagating  the  Gospel  Among 
the  Heathen,  which  still  exists,  richly  endowed, 
and  is  the  bulwark  of  the  extensive  Moravian 
mission  work.  He  became  proficient  in  the 
language  of  the  Delaware  Indians,  prepared  a 
dictionary'  and  phrasebook  of  it,  and  in  1788 
compiled  an  account  of  the  language  with  a 
vocabulary-,  which  has  since  been  published  by 
the  Pennsylvania  Historical  Society.  Old  age 
compelled  his  retirement  from  active  service  in 
1801. 

ETTY,  William,  English  painter:  b.  York. 
10  March  1787;  d.  there,  13  Nov.  1849.  He 
worked  long  without  much  recognition,  but  at 
length  in  1820  won  public  notice  by  his  'Coral 
Finders. »  In  1828  he  was  elected  an  academi- 
cian. Among  his  works,  which  were  greatly 
admired,  arc  a  scries  of  three  pictures  (1827- 
31)  illustrating  the  "Deliverance  of  Bethulia  by 
Judith';  'Bcnaiah  one  of  David's  Mighty 
Men';  'Women  Interceding  for  the  Van- 
quished.' All  these  are  very  large  pictures,  and 
arc  now  in  the  National  Gallery  of  Scotland. 
Others  of  note  arc  'The  Judgment  of  Paris'; 
'The  Rape  of  Proserpine' ;  'Youth  at  the 
Prow  and  Pleasure  at  the  Helm.'  In  coloring 
and  the  representation  of  the  nude  he  dis- 
played high  ability. 

ETUDE,  at  first  a  term  to  designate  a 
musical  composition  written  for  the  purpose  of 
developing  some  particular  point,  as  arpeggio, 
etc.,  has  come  to  mean  a  study  for  a  concert 
performance  with  many  technical  difficulties. 
Some  of  the  latter  by  famous  masters  arc  of 
special  beauty  and  elegance,  of  which  we  may 
mention  here  the  famed  etudes  of  Chopin, 
Liszt  and  Schumann,  which  rank  among  the 
finest  compositions  for  the  piano.  For  the  vio- 
lin the  compositions  of  Fiorillo,  Kreutzer  and 
Paganini  are  justly  famous. 

ETYMOLOGICUM  GUDIANUM.  Sec 

Etymologicum  Magnum. 

ETYMOLOGICUM  MAGNUM  (Gr.  «the 
great  etymological  glossary,  or  dictionary™ ),  the 
sole  lexicon  of  size  surviving  from  the  Byzan- 
tine age  of  Greek  learning.  It  is  evidently  a 
compilation  from  other  works  of  the  same  class, 
and  bears  no  author's  name.  The  book  may  be 
attributed  to  the  10th  century'-  1»  consists  of  a 
number  of  quotations  from  the  works  of 
ancient  grammarians,  arranged  alphabetically. 
It  may  have  received  its  name  from  its  first 
critical  editor,  Sylburg,  or  from  its  printer,  Cal- 
liergus.  The  book  is  of  high  philological  value, 
although  many  of  the  derivations  of  words  con- 
tained in  it  arc  fanciful  and  utterly  unscientific. 
Consult  Cohn,  'Gricchisrhe  Lexicographic'  (in 
'Gricrhischc  Grammatick'  of  Burgmann- 
Thumb,  Munich  1913)  ;  Gaisford,  'Etymologi- 
cum Magnum'   (Oxford  1848);  Reit'zenstein, 


'Geschichte  der  griechischen  .  Etymologika' 
(Leipzig  1897);  Sturz,  'Etymologicum  Gudia- 
num>  (Leipzig  1816-20). 

ETYMOLOGY,  that  branch  of  philol- 
ogy which  deals  with  the  investigation  of  the 
origin  or  derivation  and  of  the  original  sig- 
nification of  words.  It  forms  a  subsidiary  part 
of  the  science  of  comparative  philology,  and, 
though  it  has  occupied  the  attention  of  the 
learned  and  the  curious  in  every  age,  it  is  only 
within  the  19th  century  that  its  study  has  been 
pursued  on  really  scientific  principles.  Igno- 
rance, or  what  is  still  more  dangerous,  half- 
knowledge,  has  often  suggested  false  etymol- 
ogies and  many  more  have  sprung  from  that 
excess  of  confident  and  self-sufficient  ingenuity 
which  will  not  take  plain  words  like  beef-eater 
and  welsh-rabbit  for  what  they  arc.  Folk- 
etymology,  properly  so  called,  has  played  an 
important  role  in  the  development  of  languages. 
The  words  that  the  people  have  known  from 
infancy  are  for  them  things,  but  it  is  auite 
different  from  the  new  terms  they  meet.  These 
arrest  their  curiosity,  and,  as  they  believe  that 
every  word  has  its  signification,  they  seek 
for  this,  guided  by  resemblances  of  sound 
with  words  already  known,  and  consequently 
reach  conclusions  often  hopelessly  distorted 
by  false  analogies.  We  sec  the  same  illogical 
process  in  the  Old  Testament  interpretation  of 
personal  names,  applied  conveniently  after  the 
fact;  in  the  Homeric  explanation  of  the  names 
of  gods  and  men;  in  the  quaint  etymologies  so 
common  in  the  mediaeval  writers  and  in  such 
moderns  as  Thomas  Fuller;  in  the  vagaries  of 
Celtic  topographers;  and  even  in  the  pages  of 
some  modern  dictionaries  it  is  possible  to  find 
such  a  statement  as  that  the  English  word 
news  is  derived  from  a  certain  conjunction  of 
the  points  of  the  compass,  north,  east,  west  and 
south.  These  whimsical  etymologies  were 
laughed  at  by  Dean  Swift,  whose  ostler  oat- 
stealer,  was  a  stroke  of  genius,  but  have  not  yet 
disappeared;  and,  indeed,  the  modern  ideas  of 
method  in  etymology  arc  hardly  at  all  beyond 
the  point  attained  by  the  grammarians  of  Alex- 
andria and  by  Varro  among  the  Romans.  It 
was  the  birth  of  philology  and  the  study  of  the 
languages  of  the  East  that  made  a  scientific 
etymology  possible.  It  no  longer  sought  the 
relation  of  the  words  of  a  single  language  ex- 
clusively within  itself,  but  extended  its  view 
to  the  whole  group  of  cognate  tongues,  or, 
wider  still,  to  a  whole  familv  and  became  a  new 
science  under  the  name  of  Comparative  Gram- 
mar. Grimm's  l^w  was  the  first  finger-post 
that  pointed  out  the  path;  among  his  greatest 
successors  arc  Curtius  and  Fick.  The  Teutonic 
revival  in  England  in  the  19th  century  com- 
menced the  history  of  English  upon  an  historical 
method,  from  which  has  grown  a  really  scientific 
English  etymology,  as  seen  in  the  dictionaries 
of  Professor  Skeat  and  Dr.  Murray.  No  more 
useful  chart  of  warning  could  be  given  than  the 
former's  canons  for  etymology:  "Before  at- 
tempting an  etymology,  ascertain  the  earliest 
form  and  use  of  the  word  and  observe  chro- 
nology. If  the  word  be  of  native  origin,  we 
should  next  trace  its  history  in  cognate  lan- 
guages. If  the  word  be  borrowed,  we  must 
observe  geography  and  the  history  of  events, 
remembering  that  borrowings  are  due  to  actual 
contact."   See  Curtius,  'Grundziige  der  Griech- 
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ischen  Etymologic'  (1879);  Fick,  *Vergleich- 
endes  Worterbuch  der  Indo-germanischen 
Sprachen»  (1874-76);  Palmer,  <  Folk- Etymol- 
ogy (1882);  Skeat,  <The  Science  of  Etymol- 
ogy' (1912)  ;  also  see  Language,  Science  or, 
and  authorities  quoted  thereunder. 

ETZEL.   Sec  Attila. 

EU,  e  (Lat.  AugaY  France,  town  in  the 
department  of  Seine-In ferieure,  two  miles  above 
the  mouth  of  the  Brcsle,  17  miles  northeast  of 
Dieppe.  It  was  in  the  castle  belonging  to  this 
place  that  William  the  Conqueror  married  Maud 
of  Flanders.  The  town  was  burned  to  the 
ground  in  1475,  by  order  of  Louis  XI,  to  pre- 
vent it  from  falling  into  the  hands  of  the  Eng- 
lish. It  has  several  small  manufacturing  estab- 
lishments.   Pop.  of  commune  5,651. 

EUA,  a-oo'a,  or  EOA,  a  small  island  belong- 
ing to  the  Friendly  Islands,  owned  by  Great 
Britain.  It  is  about  lO^S  miles  long  by  three 
wide.  The  climate  of  all  the  islands  of  the 
Tonga  group,  to  which  the  Friendly  Islands 
belong,  is  but  slightly  higher  than  that  of  the 
Samoan  Islands,  just  north.    Pop.  about  400. 

EUANTHIUS,  Roman  grammarian:  d. 
Constantinople,  358  a.d.  He  wrote  a  commen- 
tary on  Terence  which  was  extensively  used  by 
Donatus  in  his  own  commentary  of  that  author. 
His  treatise  'Dc  Fabula*  was  also  incorporated 
by  Donatus.  Consult  Wessncr,  iJE\\  Donati  ... 
Commentum  Terenti*  (Vol.  I,  Leipzig  1902). 

EUBCEA,  u-be'a,  formerly  called  Negro- 
pont,  a  Greek  island,  the  second  largest  island 
of  the  Mgean  Sea.  It  is  90  miles  long,  30  in 
greatest  breadth,  reduced  at  one  point  to  four 
miles.  It  is  separated  from  the  mainland  of 
Greece  by  the  narrow  channels  of  Egripo  and 
Talanta,  and  is  connected  with  the  Boeotian 
shore  by  a  bridge.  There  are  several  mountain 
peaks,  one  over  7,000  feet.  The  island  is  well 
wooded  and  remarkably  fertile.  Wine  is  a 
staple  product  and  cotton,  wool,  pitch  and  tur- 
pentine are  exported.  The  chief  towns  are 
Chalcis  and  Karysto.  The  island  was  anciently 
divided  among  seven  independent  cities,  the  most 
important  of  which  were  Chalcis  and  Eretria. 
Successively  held  by  the  Athenians,  the  Persians, 
the  Romans  and  the  Venetians,  it  was  taken  by 
the  Turks  in  1470,  and  in  1830  was  delivered 
from  their  control.  With  some  small  islands  it 
forms  a  modern  nomarchy,  with  a  population 
of  116,903. 

EUBULIDES  (u-bu'Hdez)  OF  MILE- 
TUS, Greek  philosopher:  the  best  known  of  the 
disciples  of  Euclid  of  Megara,  flourished  about 
the  middle  of  the  4th  century  B.C.  His  life  was  a 
struggle  against  Aristotle,  in  which  by  a  captious 
logic  he  sought  to  prevail  against  good  sense.  A 
partisan  of  the  Megaric  principle,  that  there  is 
nothing  real  but  what  is  always  one,  simple  and 
identical,  he  immediately  found  an  adversary  in 
the  founder  of  the  great  contemporary  school 
which  made  experience  the  condition  of  science. 
He  attacked  the  peripatetic  doctrine,  like  Zcno 
of  Elea,  by  striving  to  show  that  there  is  none 
of  our  experimental  notions  which  does  not  give 
place  to  insolvable  difficulties.  He  wrote  a  num- 
ber of  comedies  and  a  work  on  Diogenes  the 
Cynic.    See  Megarian  School  of  Philosophy. 

EUBULIUS.  See  Cyrillus  and  Metho- 
dius. 


CALYPTUS  Bo9 

EUBULUS,  u-bulus,  Greek  comic  writer: 
fl.  at  Athens  about  375  b.c.  His  subjects  were 
chiefly  mythological  and  many  of  his  plays  con- 
tained parodies  of  the  tragic  poets,  especially 
Euripides.  He  is  credited  with  having  written 
over  100  plays,  of  which  only  some  fragments 
and  50  titles  have  survived.  Consult  Koch, 
'Comicorum  Atticorum  Fragmenta'  (Leipzig 
1884);  Meinke,  'Fragmenta  Comicorum  Gra> 
corum>  (Berlin  1839-57). 

EUCAINE.   Sec  Cocaine. 

EUCALYPTOCRINUS,  a  genus  of  fossil 
Crinoidea  found  in  the  Silurian  beds  of  the 
Niagara  group  in  America  and  in  England  and 
Scotland.  Its  special  peculiarity  is  that  its  20 
arms  rest  in  vertical  compartments  divided  by 
10  partitions  attached  to  the  tegmen  and  sup- 
ported by  the  intcrbrachials. 

EUCALYPTUS,  u-ka-Hp'tus,  a  genus  of 
trees  and  a  few  shrubs  of  the  family  Myrtacece. 
The  species,  of  which  there  are  about  300,  are 
characterized  by  simple  symmetrical  leaves, 
whose  edges  usually  turn  toward  the  sun ;  gen- 
erally white,  bell-shaped  flowers,  sometimes 
solitary,  but  commonly  in  terminal  or  axillary 
umbels  near  the  ends  of  the  twigs;  calyx-lobes 
joined  to  form  a  lid,  which  falls  off  when  the 
flower  opens  (from  this  feature  the  genus  is 
named);  numerous  stamens;  and  many-seeded, 
angular  fruit-capsules.  With  the  exception  oi 
about  half  a  dozen  species  which  arc  natives 
of  the  East  Indies  and  the  Malay  Peninsula, 
the  members  of  the  genus  are  indigenous  to 
Australasia,  where  they  are  among  the  most 
common  forest  trees.  The  various  species  are 
highly  valued  for  planting  in  parks  and  along 
avenues ;  for  the  gum-resin  which  oozes  from 
their  trunks;  for  the  volatile  oil  contained  in 
their  leaves;  for  the  tannin  obtained  from  their 
bark;  and  for  the  fibre  of  their  inner  bark 
They  have  been  widely  distributed  by  man  in 
warm  climates,  particularly  in  the  British  pos- 
sessions. Above  all  they  are  valued  for  their 
timber,  which  is  extensively  used  for  wharf, 
ship,  bridge  and  house  building,  telegraph  poles, 
railroad  ties,  implements,  furniture,  etc.  To 
obtain  it  the  trees  arc  frequently  ring-barked 
about  the  beginning  of  the  warm  season  so  as  to 
exhaust  the  sap  as  much  as  possible.  After 
standing  until  the  end  of  the  dry  season  they 
are  felled.  Some  of  the  species  are  among  the 
largest  living  trees  of  the  world.  Specimens 
exceeding  450  feet  in  height  and  with  a  girth 
of  50  feet  are  occasionally  reported. 

Few  species  are  hardy,  but  many  are  culti- 
vated for  ornament  where  they  can  be  given 
shelter  from  cold  winds,  or  where,  like  other 
tender  ornamental  plants,  they  can  be  removed 
to  a  house  during  the  winter.  In  California  a 
majority  of  the  species  thrive  in  the  open  air 
and  are  valued  for  their  striking  habits  of 
growth,  their  foliage,  etc.  They  are  readily 
propagated  from  seeds  sown  in  light,  sandy  soil. 
The  seedlings  should  be  transplanted  when  about 
four  inches  tall  and  again  at  rather  frequent 
intervals,  to  ensure  the  formation  of  fibrous 
roots  near  the  surface,  thus  to  secure  them  a 
good  start  when  transplanted  to  final  quarters. 
Transplanting  should  always  be  done  in  cool, 
moist,  cloudy  weather.  When  once  established 
they  demand  no  f  urther  attention  than  ordinary 
pruning  and  training. 

Among  the  best-known  species  are  the  fol- 
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lowing:  Eucalyptus  globulus,  the  blue-gum, 
which  often  exceeds  300  feet  in  height,  has 
bluish  or  grayish  smooth  bark,  except  at  the 
base.  It  is  noted  for  its  rapid  growth,  the  un- 
pleasantly flavored  nectar  of  its  blossoms,  which 
is  very  attractive  to  bees,  and  its  ability  to 
withstand  long  periods  of  drought.  It  is  the 
most  frequently  planted  species  in  California, 
where  it  is  also  becoming  naturalized  by  means 
of  its  seeds.  It  is  also  planted  to  some  extent 
in  Florida  and  other  Gulf  States,  and  is  said 
to  survive  a  temperature  as  low  as  20°  F.  It  is 
one  of  the  most  valuable  of  timber  trees  and  is 
one  of  the  chief  sources  of  oil  of  eucalyptus.  A 
somewhat  hardier  species  (£.  wminalis),  popu- 
larly known  as  manna  gum,  attains  about  the 
same  sire,  but  has  cither  dark-colored  persistent 
bark  or  light-colored  deciduous  bark.  In  Cali- 
fornia, where  it  also  is  spreading  like  the 
former,  it  has  withstood  lower  temperatures 
and  made  phenomenal  growths,  in  some  instances 
exceeding  70  feet  in  height  and  3  feet  in  girth 
in  12  years.  It  is  valuable  for  its  nectar,  of 
which  bees  are  very  fond,  but  its  timber  is  less 
valuable  than  that  of  the  preceding  species,  be- 
ing less  strong.  It  is  frequently  used  for  fenc- 
ing, shingles  and  other  purposes  where  strain  is 
not  expected.  Perhaps  the  most  valued  is  E. 
marginata,  the  jarrah  tree  or  wood,  which  often 
attains  heights  exceeding  70  feet  without  the 
development  of  any  limbs,  and  at  that  height 
often  has  a  girth  of  15  feet  It  is  not  hardy. 
Its  wood  is  esoecially  valued  for  wharf  and  ship 
building,  since  it  is  not  attacked  by  the  teredo 
or  shipworm.  It  is  also  highly  esteemed  for 
underground  work,  such  as  ties  and  telegraph 
poles,  and,  being  easily  worked  and  polished, 
is  popular  for  house  finishing  and  furniture. 
The  largest  species  is  probably  E.  amygdalina, 
the  peppermint- tree,  which  is  also  noted  for  its 
abundant  yield  of  oil.  Its  timber  is  not  strong, 
hut  is  largely  used  for  staves,  shingles,  build- 
ing, etc.  E.  robusta,  the  swamp-mahogany 
gum,  is  perhaps  the  species  most  frequently 
planted  in  swampy  places.  Its  timber  is  re- 
m_.kab]y  durable  and  is  used,  like  that  of  E. 
marginata,  but  is  somewhat  less  esteemed.  It  is 
one  of  the  finest  of  avenue  trees,  and  one  of 
the  best  for  bees  because  of  its  abundant  nectar 
and  profuse  bloom. 

In  medicine,  oil  of  eucalyptus  is  used  for  its 
antiseptic  and  stimulating  properties.  It  is  very 
widely  used  in  affections  of  the  nose,  mouth 
and  bronchi,  and  in  diseases  of  the  bladder  and 
urethra.  It  makes  a  very  agreeable  and  efficient 
drug  to  add  to  antiseptic  mouth-washes  and  is 
useful  internally  as  an  intestinal  anti- fermenta- 
tive. Trees  of  eucalyptus  have  been  planted, 
especially  in  low  marshy  places,  with  a  belief  in 
their  beneficial  effects  against  malaria.  It  is 
frequently  asserted  that  they  have  a  direct 
action  on  malaria.  By  the  aid  they  furnish  in 
converting  marshes  into  dry  land  they  also 
help  to  prevent  the  development  of  mosquitoes, 
some  forms  of  which  are  known  to  be  the  chief 
agents  in  the  spread  of  malarial  disease.  (See 
Malaria;  Volatile  Oils).  Consult  Bailey, 
"Cyclopedia  of  American  Horticulture'  (1914)  ; 
Mueller,  * Eucalyptographia'  ;  Bentham,  'Flora 
Australiensis'  (Vol.  Ill):  Pepper,  'Eucalyptus 
in  Algeria  and  Tunisia,  from  an  Hvgicnic  and 
Climatologies!  Point  of  View'  (Proceedings 
of  the  American  Philosophical  Society,  Vol. 


XXXV,  pp.  39-56);  Cooper,  <  Forest  Culture 
and  Eucalyptus  Trees.1 

EUCHARIS,  ulca-ris,  (1)  a  genus  of  plants 
of  the  natural  order  Amaryllidaceae,  the  species 
which,  mostly  natives  of  Colombia,  are  perennial 
herbs  with  perennial  bulb-like  rootstocks, 
broadly  ovate  leaves  and  very  showy  white 
flowers  in  umbels  upon  long,  strong  scapes. 
They  are  very  popular  hot-house  plants  because 
of  their  beauty  and  the  prolificacy  of  their  long- 
lasting  flowers.  They  arc  easily  grown  in 
course  fibrous  soil  which  will  permit  of 
abundant  watering  without  danger  of  stagna- 
tion. Partial  shade  and  rather  high  tempera- 
ture arc  also  needed.  The  best-known  species 
is  probably  E.  grandifiora,  which  is  popularly 
known  as  star-of- Bethlehem  and  Amazon  lily. 
The  flowers  of  this  species  are  borne  upon  a 
Scape  often  exceeding  18  inches  in  height  and 
bearing  two  to  four  star-like  and  very  fragrant 
flowers,  often  four  inches  in  diameter.  (2)  a 
genus  of  mollusks;  also  known  as  Glaucus; 
(3)  the  typical  genus  of  Chalcidians,  sub- 
family Eucharina:. 

EUCHARIST,  uTca-rlst,  in  the  Roman 
Catholic  Church,  the  sacrament  of  the  body  and 
blood  of  Jesus  Christ,  and  also  the  Christian 
covenant  sacrifice  Regarding  the  Eucharist 
as  a  sacrament,  the  Roman  Catholic  Church 
teaches  that  it  is  the  true  body  and  blood  of 
Jesus  Christ  under  the  "species*  or  appear- 
ances or  physical  properties  of  bread  and  wine. 
The  institution  of  this  sacrament  by  Christ 
is  recorded  in  the  three  synoptic  gospels  and  in 
Saint  Paul's  first  letter  to  the  Corinthians.  The 
name  given  to  the  sacrament  comes  from  the 
expression  in  the  original  Greek  text  of  Luke 
xxii,  19,  ivxapiartioac  (eucharistesas),  "having 
given  thanks.9  The  words  of  institution,  as 
given  by  the  same  evangelist,  are:  "This  is  my 
body  which  is  given  for  you.  .  .  .  This  is  the 
chalice,  the  new  testament  in  my  blood,  which 
shall  be  shed  for  you."  The  perpetuation  of 
this  sacrament  is  commanded  in  the  words, 
"This  do  for  a  commemoration  of  me."  ( 1  Cor 
xi,  24).  A  year  before  the  institution  of  the 
sacrament  Jesus  Christ  in  a  discourse  at  Caper- 
naum, spoke  of  his  flesh  being  "meat  indeed" 
and  his  blood  "drink  indeed" ;  and  it  is  import- 
ant to  note  the  circumstances  in  which  he  em- 
ployed those  extraordinary  expressions.  He 
had  already  said:  "I  am  the  bread  of  life," 
at  which  the  Jews  murmured.  Thereupon 
Jesus,  instead  of  modifying  the  expression 
which  offended  them,  re-enforced  it,  saying : 
"The  bread  which  I  will  give  is  my  flesh  for 
the  life  of  the  world."  At  this  the  Jews  again 
murmured,  hut  Christ  does  but  emphasize  the 
doctrine  in  the  words  already  quoted.  And  not 
only  the  Jews  were  scandalized  by  these 
speeches:  many  of  Jesus'  disciples  even  would 
no  longer  listen  to  him;  they  "went  back  and 
walked  no  more  with  him."  Would  the  apostles 
also  desert  him?  and  he  elicited  from  them  a 
profession  of  implicit  faith  in  his  words,  how- 
ever "hard"  his  sayings  might  be. 

And  that  attitude  of  the  apostles  is  the 
attitude  of  the  Roman  Catholic  Church.  Those 
words  of  her  Founder  and  the  many  other  an- 
nouncements he  made  touching  this  sacramental 
mystery,  the  Roman  Catholic  Church  from 
apostolic  times  has  received  in  their  plain  literal 
interpretation  -  -  the    interpretation    put  upon 
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them  by  all  who  heard  them.  Jews,  disciples, 
apostles,  and  by  Jesus  Christ  himself:  the  Ro- 
man Catholic  Church  teaches  that  in  the  Eu- 
charist is  contained  "truly,  really  and  sub- 
stantially" the  body  and  blood  of  Jesus  Christ, 
together  with  his  soul  and  divinity.  Here 
nothing  is  added  to,  nothing  taken  away  from, 
the  words  of  Christ,  and  nothing  explained 
away  in  those  "words  of  eternal  life*  And 
when  in  the  11th  century  the  Church's  reading 
of  those  words  as  denoting  a  "true,  real  and  sub- 
stantial* change  of  the  bread  and  wine  into 
Christ's  body  and  blood  was  challenged  by 
Bcrengarius,  who,  more  "spiritually-minded* 
than  the  apostles  of  Jesus  Christ,  would  fain  see 
in  Christ's  words  only  a  figurative,  symbolical 
presence  of  his  body  and  blood  in  the  sacra- 
ment, the  Roman  Catholic  Church  adopted  the 
fittest  possible  word  to  express  the  change 
wrought  in  the  bread  and  wine— the  word 
Transubstantiation :  in  the  Eucharist  the  sub- 
stance of  bread  and  wine  remain  no  longer 
underlying  the  outward  appearances,  "species* 
of  bread  and  wine :  what  underlies  them  now 
is  the  body  and  blood  of  Christ.  Such  is  the 
teaching  of  the  Roman  Catholic  Church  with 
regard  to  the  real  presence  of  Jesus  Christ  in 
the  Eucharist. 

But  the  Eucharist  is  not  only  a  sacrament: 
it  is  also  the  perpetual  New  Covenant  sacrifice, 
believed  to  have  been  foretold  by  the  prophet 
Malachi,  as  rendered  in  the  Vulgate,  which 
differs  slightly  from  the  authorized  Anglican 
version :  "From  the  rising  of  the  sun  even  to 
the  going  down  thereof,  my  name  is  great 
among  the  Gentiles,  and  in  every  place  there 
is  sacrifice,  and  there  is  offered  to  my  name  a 
clean  oblation*  (Mai.  i,  10-11).  And  the  Ro- 
man Catholic  Church  teaches  concerning  the 
Eucharistic  sacrifice  or  the  Mass  that  ."it  is 
one  and  the  same  sacrifice  with  that  of  the 
cross:  the  victim  is  one  and  the  same,  Jesus 
Christ,  who  offered  himself,  once  only,  a  bloody 
sacrifice  on  the  altar  of  the  cross.  The  bloody 
and  unbloody  victim  is  still  one  and  the  same, 
and  the  offering  upon  the  cross  is  daily  renewed 
in  the  Eucharistic  sacrifice,  in  obedience  to  the 
command  of  our  Lord,  'Do  this  in  remembrance 
of  Me.'  »—  Catech.  Cone.  Trid.,  cap.  de  Eucha- 
ristic Sacr. 
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T.  B.,  'The  Doctrine  of  the  Real  Presence* 
(ib.  1899);  Thalhofer,  V.,  'Das  Opfer  des 
alten  und  neuen  Bundes*  (Regcnsburg  1870)  ; 
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EUCHLORINE,  a  name  given  by  Sir 
Humphry  Davy  (q.v.)  to  the  yellow  gas  ob- 
tained by  acting  upon  potassium  chlorate  with 
hydrochloric  acid.  Davy  believed  it  to  be  a 
new  oxide  of  chlorine;  but  it  is  now  known  to 
he  a  mixture  of  chlorine  and  chlorine  peroxide, 
ClOj.  It  has  powerful  bleaching  and  disinfect- 
ing properties,  but  it  is  frightfully  explosive, 
and  should  never  be  prepared  nor  handled  save 
by  an  expert  chemist,  provided  with  proper 
safeguards,  and  with  a  full  previous  knowledge 
of  its  properties. 

EUCHOLOGION,  u-ko-lo'jl-on.  the  litur- 
gical and  ritual  book  of  the  Greek  Church,  cor- 
responding to  the  Missal,  which  is  the  Pontifi- 
cal and  Ritual  of  the  Latin  Church.  The 
Untate  Greek  Church,  or  Church  of  the  Greek 
Rite  in  communion  with  the  See  of  Rome,  has 
a  separate  Euchologion.  The  Euchologion  con- 
tains the  liturgies,  the  order  of  daily  services 
with  prayers  and  litanies,  and  finally  a  collection 
of  sacraments  and  sacramentals,  with  various 
rules,  canons  and  blessings.  The  first  printed 
edition  was  published  in  1526  at  Venice  and 
since  then  the  successive  official  Greek  editions 
have  been  printed  there.  There  are.  however, 
other  editions  published  both  in  Athens  and 
Constantinople.  There  is  also  an  abstract, 
called  'Small  Euchologion.'  There  is  no  Eng- 
lish translation,  but  M.  Ra jew  sky  has  trans- 
lated it  into  German  under  the  title  'Eucholo- 
gion der  Orthodox-Katholischen  Kirche,  etc* 
(Vienna  1861-62). 

EUCHRE,  flTcer,  a  game  of  cards,  regard- 
ing the  origin  of  which  nothing  definite  is 
known.  For  a  long  time  it  was  the  most  gener- 
ally played  parlor  game  after  whist  in  the 
United  States.  The  pack  of  cards  consists  of 
32,  but  sometimes  only  24  are  used,  being  an 
ordinary  "deck."  minus  the  deuce,  trey,  tour, 
five  and  six  spots  of  each  suit.  The  game  is 
usually  played  by  two,  three  or  four  persons, 
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the  most  interesting  party  being  four,  two  play- 
ing on  each  side  as  partners.  When  choice  of 
partners  and  first  dealer  has  been  decided  five 
cards  are  dealt,  usually  two  at  once,  then  three, 
or  the  contrary.  Having  dealt  five  cards  to 
each  player,  the  dealer  turns  up  the  next  card 
for  trumps,  leaving  it,  face  upward,  on  top  of 
the  balance  of  the  pack.  The  cards  rank  in 
value  as  follows:  The  best  euchre  card  is  the 
knave  of  trumps ;  the  second  best  is  the  knave 
of  the  suit  of  the  same  color  as  the  trump.  The 
former  card  is  called  the  "right  bower,*  the 
latter  the  "left  bower."  After  the  right  and 
left  bowers  the  cards  rank  as  at  whist,  the 
knaves  of  the  color  not  turned  as  trumps  fall- 
ing into  their  regular  place  as  at  whist.  The 
object  of  the  game  is  to  take  tricks.  The  score 
is  five  points,  unless  otherwise  agreed.  In  two- 
handed  euchre  the  following  rules  apply:  The 
non-dealer  may  "pass,"  or  "order  up*  the  trump. 
Should  he  pass,  then  the  dealer  may  take  up  the 
trump  and  discard.  In  that  case  the  dealer 
must  make  three  tricks  or  be  "euchred,"  which 
counts  two  points  for  the  adversary,  but  if  he 
makes  the  three  tricks  (or  four),  he  counts  one 
point.  Should  he  make  all  five  tricks,  it  is 
termed  "a  march,"  and  counts  him  two  on  the 
score.  The  non-dealer  has  the  first  lead,  after 
which  he  who  takes  the  trick  leads.  Suit  must 
be  followed  if  possible;  otherwise  any  card 
may  be  played.  Should  the  non-dealer  "order 
up"  the  trump  he  must  make  three  tricks  or  be 
•euchred,"  which  counts  two  for  his  opponent, 
if  he  win  three  tricks  (or  four),  having  ordered 
up  the  trump,  he  scores  one  point.  Should  he 
make  "a  march,"  he  scores  two.  If  both 
players  pass  (the  dealer  turning  down  the 
trump),  and  then  both  decline  to  make  a  trump, 
there  must  be  a  new  deal.  Either  party  nam- 
ing a  new  suit  for  trump  must  make  the  three 
tricks  or  be  "euchred."  In  four-handed  euchre 
the  same  counts  are  made  and  the  same  rules 
practised  as  in  the  two-handed  game,  together 
with  the  following:  The  opportunity  to  "pass" 
"order  up,"  "assist,"  or  "play  alone"  goes 
around  in  rotation,  beginning  with  the  player 
on  the  left  of  the  dealer.  "To  assist"  is  for  the 
partner  of  the  dealer  to  say  "I  assist,"  which 
has  the  same  effect  as  ordering  up  the  trump, 
and  is  subject  to  the  penalty  of  two  points  to 
the  adversary,  should  three  tricks  not  be  se- 
cured by  the  party  "assisting*  and  his  partner. 
Either  partner  ordering  up  a  trump  or  making 
a  trump  may  "play  alone,*  that  is;  play  his  hand 
singly  against  the  other  two,  his  partner  not 
playing  his  hand  that  round  at  all.  "Progressive 
euchre"  is  played  by  a  number  of  participants 
at  separate  tables,  the  successful  players  mov- 
ing up  in  a  regular  order.  A  prize  is  generally 
awarded  to  the  two  winners.  There  are  also 
a  number  of  other  varieties :  Railroad,  French, 
Call-Ace  or  Australian  Euchre,  and  Napoleon. 
Consult  Cady,  A.  H.,  < Euchre'  (in  'Spalding's 
Home  Library.'  Vol.  I,  No.  6.  New  York  1805)  ; 
Foster,  R.  F.,  'Call-Ace  Euchre'  (London 
1904);  id.,  'Foster's  Complete  Hovlc,  etc' 
(New  York  1914)  ;  Jessel,  F  'A  Bibliography 
of  Works  in  English  on  Playing  Cards  and 
Gaming'  (London  1905)  ;  Seaver,  C.  M.t  'The 
Standard  Guide  to  Progressive  Euchre'  (Bos- 
ton 1885) 

EUCKEN,  Rudolf  Christoph,  German 
philosopher:  h  Aurich,  East  Frisia,  5  Jan. 
1846.    His    father    died    while    he    was  a 


child,  but  he  enjoyed  the  loving  care  of  his 
mother,  a  woman  of  marked  intelligence  and 
warm  sympathies.  His  early  education  was 
received  in  his  native  town  and  he  came  under 
the  influence  of  the  theologian  and  philosopher, 
William  Reuter.  who  was  one  of  his  teachers. 
It  is  generally  believed  that  Reuter  stimulated 
his  interest  in  religion.  He  studied  at  Got  tin- 
gen  where  he  entered  the  philosophical  classes 
of  Hermann  Lotze.  It  was  characteristic  of 
the  man  that,  while  he  admired  Lotze's  acute- 
ness,  he  was  not  attracted  by  it  Thus  early 
his  anti-intellectualism  displayed  itself.  Eucken 
took  his  doctor's  degree  at  Gottingen,  not  in 
philosophy,  but  in  classical  philology  and  ancient 
history.  After  his  graduation,  he  spent  five 
years  as  a  gymnasium  teacher.  In  1871  he  was 
called  to  the  University  of  Basel  and  in  1874 
he  received  a  call  to  succeed  Kuno  Fischer  as 
professor  of  philosophy  at  Jena  Here  he  set- 
tled permanently,  refusing  invitations  to  other 
places.  During  the  quiet  years  passed  as  a 
teacher  at  Jena,  he  worked  out  his  own  phi- 
losophy of  history  and  life.  In  1908  he  received 
the  Nobel  prize  for  literature.  His  interna- 
tional fame  dates  from  this  period.  In  1911 
he  visited  England  and  received  a  cordial  re- 
ception, and  the  next  year  he  came  to  the 
United  States  to  deliver  a  course  of  lectures  at 
Harvard. 

Eucken's  early  philosophical  work  was  along 
historical  lines.  In  fact,  his  first  publications 
deal  with  Aristotle.  Gradually,  his  thinking  be- 
came more  original  and  constructive  and  moved 
in  the  direction  of  a  philosophy  of  religion. 
His  philosophy  can  best  be  described  technically 
as  a  spiritual  activism  founded  on  a  NcoKantian 
theory  of  knowledge.  He  makes  constant  use 
of  history  to  show  the  growth  of  life-systems 
which  soar  beyond  anything  for  which  the  phy- 
sical world  can  account.  This  inner  spiritual 
life  of  man  is  real  and  tremendously  significant 
While  it  is  conditioned  by  physical  processes, 
it  is  not  reducible  to  them.  Spiritual  values  are 
achievements  which  must  be  actively  appropri- 
ated by  those  who  come  after.  Mere  accept- 
ance is  not  enough.  We  have  already  referred 
to  his  anti-intellectualism.  This  docs  not  con- 
sist of  a  distrust  of  reason  but  of  a  feeling  that 
concepts  are  not  sufficient.  There  must  be  ex- 
periencing as  well  as  knowing.  Philosophy 
must  aim  at  a  profound  penetration  of  life  in 
the  light  of  eternal  values. 

There  can  be  no  doubt  that  Eucken  has 
struck  an  important  note.  His  attack  upon 
mere  traditionalism,  for  instance,  is  valuable. 
So  is  his  stress  upon  personal  idealism.  But 
the  technical  thinker  is  likely  to  criticize  his 
neglect  of  theory  of  knowledge  and  his  disre- 
gard of  the  mind-body  problem.  These  lacunae 
need  filling  in,  as  even  his  most  ardent  disciples 
admit.  Yet,  when  all  is  said,  Eucken  must  be 
accorded  a  high  place  among  modern  thinkers. 
He  has  helped  to  free  religion  from  its  mytho- 
logical setting  and  to  bring  into  relief  its  ethical 
content.  He  has  been  a  very  prolific  writer. 
The  following  are  his  chief  works:  'Die 
Methode  der  Aristotelischen  Forschung> 
(1872);  'Die  Grundbegriffe  der  Gegenwart* 
(1878;  this  was  published  in  its  third  edition 
under  the  title  'Geistige  Stromungen  der  Ge- 
genwart'); 'Geschichte  der  philosophischen 
Terminologie'  (1879);  'Die  Einheit  des  Geis- 
tcslebens'   (1888);   'Die  Lebensanschauungen 
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der  grosscn  Denker'  (1890;  English  title  <The 
Problem  of  Human  Life');  'Der  Kampf  urn 
einen  geistigen  Lebensinhalt*  (1896);  'Der 
Wahrheitspehalt  der  Religion'  (1901;  English 
title  'The  Truth  of  Religion')  ;  'HauptprobTeme 
der  Rcligionsphilosophie  der  Gegcnwart'  (1907; 
English  title  'Christianity  and  the  New  Ideal- 
ism'); 'Sinn  und  Wert  des  Lebens'  (1908; 
English  title  'The  Meaning  and  Value  of 
Life');  'Religion  and  Life'  (1911);  'Can  We 
Still  be  Christians'  (1914).  The  two  best  ex- 
positions of  Eucken's  philosophy  in  English 
are  Boyce  Gibson's  'Rudolf  Eucken's  Philos- 
ophy of  Life'  (New  York  1907),  and  W.  Tudor 
Jones's  'An  Interpretation  of  Rudolf  Eucken's 
Philosophy.'  Consult,  also,  Hoff ding's  discus- 
sion in  'Modern  Philosophers,'  Mey nek  Booth's 
'Eucken:  his  Philosophy  and  Influence,'  and 
O.  Siebert's  'R.  Euckens  Welt  und  Lebensan- 
schauung. ' 

Roy  Wood  Saunas. 
Professor  of  Philosophy,  University  of  Michi- 


EUCLASE,  uTclas,  a  very  rare  gem  mineral, 
a  basic  silicate  of  beryllium  and  aluminum, 
HBe  Al  SiOt.  It  occurs  in  Brazil,  Siberia,  and 
Austria,  in  brilliant,  transparent,  colorless  to 
pale-green  or  blue  crystals  of  monoclinic  forms, 
with  perfect  cleavage  and  has  a  hardness  of 
7.5.  Its  specific  gravity  is  3.1.  There  is  a  fairly 
extensive,  scientific  literature,  a  bibliography  of 
which  as  well  as  all  available  scientific  details 
regarding  Euclase  may  be  found  in  Dana,  E.  S., 
ed.,  'The  System  of  mineralogy  of  James  D. 
Dana'  (6th  ed.,  New  York  1914). 

EUCLID  OP  ALEXANDRIA,  Greek 
mathematician:  fl.  about  300  b.c,  taught 
geometry  at  Alexandria  in- the  reign  of  Ptolemy 
I  (323-285  b.c),  and  extended  the  boundaries 
of  mathematical  science.  The  severity  and  ac- 
curacy of  his  method  have  never  been  surpassed. 
There  is  very  little  known  regarding  his  life, 
Proclus  (412-485  a.d.)  forming  the  chief  source 
for  our  information.  His  chief  work,  rafToijria. 
is  known  as  'Elements'  and  has  formed  for 
many  generations  the  principal  introduction  to 
the  study  of  geometry.  It  consists  of  13  books, 
though  some  editions  contain  two  additional 
books,  which,  however,  arc  almost  without 
doubt  not  the  work  of  Euclid  There  also  have 
been  preserved  six  other  works:  'Data,'  'Intro- 
duction to  Harmony,'  'Section  of  the  Scale,' 
< Pharnomcna, •  'Optics'  and  Catoptrics.'  Con- 
cerning some  of  these,  however,  it  is  doubtful 
whether  Euclid  was  the  author  or  not.  Even 
more  doubtful  is  the  authorship  of  some  frag- 
ments sometimes  ascribed  to  him.  From  quo- 
tations, etc.,  it  has  been  well  established  that 
he  wrote  four  other  works  of  which,  however, 
nothing  is  in  existence  now:  three  books  on 
'Porism,'  two  books  on  'Curves,'  four  books 
on  'Conic  Sections'  and  one  book  on  'Fallacies.' 
The  'Elements'  have  come  to  us  indirectly 
through  the  Arabs  who  made  a  number  of  trans- 
lations of  which,  however,  only  one,  made  in 
the  13th  century,  has  been  printed  (Rome  1594). 
It  is  claimed  that  the  first  rctranslation  into 
Greek  from  Arabic  was  made  bv  Adclard  of 
Bath  in  the  12th  century.  On  this  there  was 
based  the  first  printed  Greek  edition  edited  with 
comments  by  Campanus  of  Novara  (Venice 
1482),  which,  however,  is  not  very  reliable.  The 
first  translation  into  Latin,  made  by  B.  Zam- 


berti,  was  published  in  Venice  (1505).  The 
first  reliable  Greek  text  was  printed  in  Basel 
(1533)  and  edited  by  S.  Grynaeus.  Other 
editions  were  brought  out  by  D.  Gregory 
(Greek  and  Latin,  Oxford  1703) ;  F.  Peyrard 
(3  vols..  Paris  1814-18);  E.  F.  August  (two 
parts.  Berlin  1826-29)  ;  T.  L.  Heath  (3  vols., 
Cambridge  1906).  His  complete  works  have 
been  edited  by  M.  Curtze  (Leipzig  1899)  and 
by  J.  L.  Heiberg  and  H.  Menge  (Leipzig  1883- 
96).  There  have  also  been  many  translations 
into  almost  all  the  modern  languages.  The 
first  English  translation  was  made  by  H.  Bil- 
lingsley  (London  1570)  ;  the  first  French  by  D. 
Hcnrion  (Paris  1615);  the  first  German  by 
J.  Schcybl  (Augsburg  1555).  There  are  also  a 
large  number  of  commentaries,  almost  every 
new  editor  for  many  years  feeling  it  his  duty 
to  attempt  a  new  and  original,  and,  therefore, 
in  many  cases  useless  commentary.  Consult 
Anon.,  'The  Elements  of  Euclid'  (in  Dublin 
Review,  Vol.  XI,  p.  330,  London  1841);  Dodg- 
son,  C.  L.,  'Euclid  and  His  Modern  Rivals' 
(London  1879);  Heiberg,  J.  L,  'Litteratur- 
geschichtliche  Studien  iiber  Euklid'  (Leipzig 
1882);  Hultsch.  F.,  'Eukleides'  (in  Pauly- 
Wissowa,  'Real-Encyclopadie  der  classischen 
Altertumswissenschaft,'  Vol.  VI,  Stuttgart 
1907)  ;  Riccardi,  P.,  'Saggio  di  una  Biblio- 
grafia  Euclidea'  (four  parts,  Bologna  1887-90)  ; 
Smith,  T.,  'Euclid:  His  Life  and  System' 
(New  York  1902). 

EUCLID  OP  MEGARA,  Greek  philos- 
opher, the  founder  of  the  Megaric  school  of 
philosophy:  b.  about  450  b.c.  ;  d.  about  380  b.c 
He  was  a  pupil  of  Socrates,  after  whose  dca'th, 
399  B.c,  he  retired  to  Megara  (most  probably 
his  native  city)  and  set  up  a  school  of  philoso- 
phy, in  which  he  blended  the  doctrines  of  the 
Eleatic  school  with  those  of  his  master.  He 
adopted  the  Eleatic  notion  of  one  universal 
unchangeable  existence,  and  upon  this  he  en- 
grafted the  ethical  views  of  Socrates.  From  its 
subtlety  and  disputativencss,  the  school  of 
Euclid  was  sometimes  called  the  Dialectic  or 
Eristic.  He  wrote  six  dialogues  of  which  only 
one  small  fragment  has  been  saved. 

EUDJEMONISM,  the  doctrine  that  happi- 
ness (Gr.  cudaimonia)  is  the  chief  good.  Hap- 
piness, according  to  Aristotle,  is  the  activity  of 
soul  in  accordance  with  virtue,  virtue  being 
the  mean  between  excess  and  defect  as  deter- 
mined by  reason.  As  pleasure  and  life  are  in- 
separably joined  together,  the  one  is  therefore 
essential  to  the  other,  and  the  former  is  a 
necessary  part  of  all  human  activity.  See 
Ethics;  Energism. 

EUDEMUS  OF  RHODES,  Greek  philos- 
opher and  the  disciple  of  Aristotle.  He  wrote 
many  works,  most  of  which  were  in  defense  of 
the  philosophy  of  his  master;  of  these  the  most 


celebrated  is  the  'Euder 


Ethics,'  published 


as  a  part  of  the  writings  of  Aristotle.  He 
wrote  also  a  history  of  mathematics  and 
astronomy,  now  lost,  but  of  which  a  com- 
mentary remains  to  us  in  a  work  on  Euclid  by 
Proclus  and  in  the  works  of  other  writers  we 
have  fragments.  All  these  fragments  were  pub- 
lished bv  Mullach  in  'Fragmenta  Philoso- 
phorum  GrsKorum'  (Vol.  Ill,  1881).  Consult 
Gow,  History  of  Greek  Mathematics'  (Cam- 
bridge 1884). 

EUDES.   See  Odo. 
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EUDES,  Duke  of  Aguitania :  d.  735  a  d.  He 
ruled  that  portion  of  France  from  the  Loire 
to  the  Pyrenees  and  in  721  inflicted  a  serious 
defeat  on  the  Arabs,  who  had  besieged  Tou- 
louse. Ten  years  later  Charles  Martel  began 
his  incursions  into  Aquitania  and  the  Arabs 
took  advantage  of  this  state  of  affairs  to  again 
invade  France;  Eudcs  joined  forces  with 
Charles  to  repel  the  invader  and  the  allied 
armies  won  the  battle  of  Tours  in  732.  Con- 
sult Vic  and  Vaissctte,  'Histoire  gencrale  de 
Languedoc'  (16  vols.,  Toulouse  1872-1904). 

EUDES,  Jean,  the  venerable  French  clergy- 
man and  founder  of  the  Catholic  congregation 
known  from  his  name  as  the  Eudists:  b.  Ri,  14 
Nov.  1601;  <L  Caen,  19  Aug.  1680.  He  was 
educated  at  the  Jesuit  College  of  Caen  and  in 
1623  entered  the  Congregation  of  the  Oratory  at 
Paris  and  rose  to  be  superior  of  the  Oratory 
at  Caen  in  1639.  In  1643  he  founded  the  Con- 
gregation of  the  Mission  Priests  of  Jesus  and 
Mary  for  the  training  of  priests  in  missionary 
work.  This  society  came  to  be  known  by  the 
name  of  their  founder,  took  no  vows,  were 
under  the  jurisdiction  of  the  ordinary,  and  were 
at  liberty  to  leave  the  congregation  at  any  time 
they  pleased.  They  received  papal  approval  in 
1674  and  were  regarded  with  jealousy  by  the 
Oratorians,  especially  after  the  latter  became 
affected  with  Jansenism  which  the  Eudists 
reprobated.  The  congregation  spread  rapidly 
throughout  France  but  suffered  in  the  debacle 
of  the  Revolution.  In  1826  it  was  reorganized 
and  has  since  spread  to  Canada.  Eudes  also 
founded  a  society  for  the  rescue  of  fallen 
women  which  still  exists.  Pope  Leo  XIII  be- 
stowed on  Eudcs  in  1903  the  title  of  "Author 
of  the  liturgical  worship  of  the  Sacred  Heart 
of  Jesus  and  the  Immaculate  Heart  of  Mary" 
In  1908  the  canonical  process  for  his  beatifica- 
tion was  instituted  in  Rome.  Consult  Montzey, 
'Le  Perc  Eudes  et  ses  instituts*  (Paris  1869). 

EUDIALYTE,  u-di'a-lit,  rhombohedral 
red  mineral  of  vitreous  lustre,  translucent  or 
nearly  so ;  its  hardness,  5.5 ;  specific  gravity,  2.90 
to  3.01.  It  consists  principally  of  silicates  of 
iron,  zirconia  and  lime.  There  are  two  varieties, 
eudialytc  proper,  of  which  the  double  refrac- 
tion is  positive,  and  cucolitc,  in  which  it  is  nega- 
tive. It  is  found  in  North  Greenland,  Norway 
and  Arkansas. 

EUDIOMETER,  an  instrument  employed 
in  the  analysis  of  gaseous  mixtures.  It  was 
originally  designed  for  ascertaining  the  quantity 
of  oxygen  contained  in  any  given  bulk  of  elastic 
fluid.  The  first  instrument  of  this  kind  was  con- 
structed by  Joseph  Priestley.  In  one  form  of 
eudiometer  two  platinum  wires  are  inserted 
near  the  top  of  a  graduated  glass  tube  open  at 
the  bottom.  An  electric  spark  is  introduced  by 
these  wires.  The  process  involves  the  explosion 
and  combustion  of  one  of  the  constituents  to  be 
determined.  The  operation  may  be  conducted 
in  a  trough  of  mercury  or  over  water.  Sec 
Gasomktric  Analysis. 

EUDISTS,  u'dlsts,  a  congregation  or  so- 
ciety of  secular  priests  founded  in  the  17th  cen- 
tury by  a  priest  named  Eudes  for  the  purpose  of 
conducting  ecclesiastical  seminaries  and  giving 
"missions"  in  parish  churches,  for  the  revival  of 
religious  zeal  and  the  conversion  of  sinners. 
The  members  of  the  society  take  no  religious 
vows,  but  they  live  in  common  and  are  volun- 


tarily subject  to  the  orders  of  their  superior. 
They  do  not  wear  any  habit  to  distinguish 
them  from  the  rest  of  the  secular  clergy.  Their 
first  house  was  established  at  Caen  in  Normandy 
1643 ;  the  membership  at  that  time  consisted  of 
Eudes  and  eight  other  priests.  In  his  lime 
Eudes  conducted  110  missions  in  various 
places  in  the  kingdom.  The  institute  never 
spread  to  other  countries.  Eight  or  more 
Eudists  were  among  the  priests  who  were 
butchered  in  the  wholesale  slaughter  of  priests, 
monks  and  bishops  at  the  Carmes,  Paris,  Sep- 
tember 1792.  The  society  was  broken  up  during 
the  French  Revolution,  many  of  the  members 
seeking  refuge  in  England.  In  1826  the  apos- 
tolate  was  revived  and  resumed  with  ardor  and 
great  success. 

EUDO  DE  STELLA.  See  Eon. 

EUDOCIA,  u-do'shl-a,  Roman  empress:  b. 
Athens,  about  393 ;  d.  Jerusalem,  about  460.  She 
was  a*  daughter  of  Leontius  the  philosophical 
sophist.  After  the  death  of  her  father,  who 
left  nearly  all  his  property  to  his  two  sons,  she 
went  to  Constantinople  for  the  purpose  of  com- 
plaining of  this  injustice  to  the  emperor,  Theo- 
dosius II.  There  she  embraced  the  Christian 
religion,  was  baptized  as  Eudocia  and  became 
empress  421  a.d.,  through  the  efforts  of  Pul- 
cheriasister  of  Theodosius  (421).  Pulcheria 
in  reality  ruled  the  royal  household  and  Eudocia 
appears  to  have  bowed  to  her  will  in  everything. 
Finally,  however,  they  quarreled  over  religious 
matters  and  Pulcheria  was  banished  from 
court;  but  she  succeeded  in  again  securing  her 
influence  there  and  Eudocia  was  afterward 
divorced  or  retired  from  Constantinople  and 
spent  the  remainder  of  her  life  in  Jerusalem, 
engaged  in  acts  of  devotion.  She  is  said  to  have 
written  some  Greek  poems  and  also  a  life  of 
Christ.  Consult  Diehl,  'Figures  bvzantincs' 
(Paris  1906) ;  Gregorovius,  \Athenafs>  (Leip- 
zig 1892) ;  Ludwig,  'Eudocia;  Agusta?  Carminum 
Reliquiae '  (Kdnigsbcrg  1893)  ;  any  good  history 
of  the  period. 

EUDOXIA,  Q-dok'sT-a,  Byzantine  empress : 
wife  of  Arcadius,  emperor  of  the  West:  d.  409. 
She  was  the  daughter  of  Banto  a  Frankish 
general  of  Theodosius.  Eutropius  the  eunuch, 
intriguing  against  Rufinus,  chief  minister  of 
Arcadius,  induced  the  emperor  to  take  her  to 
wife,  instead  of  marrying  the  daughter  of 
Rufinus,  as  the  latter  had  designed.  Eutropius 
soon  after  this  union  caused  Rufinus  to  be  put 
to  death  and  succeeded  him.  Eudoxia,  if  we 
may  believe  John  Chrysostom,  was  an  infamous 
creature,  although  at  one  time  winning  his  ad- 
miration and  profuse  acknowledgments  by  an 
open  profession  of  religious  earnestness.  She 
was  a  woman  of  strong  passions  and  resolute 
will,  and  when  Eutropius  insulted  her  by  saying 
that  as  he  had  raised  her  so  he  could  debase 
her,  she  appealed  to  the  weak  Arcadius  who  at 
once  degraded  Eutropius  from  all  his  honors 
and  ordered  his  statue  in  the  market  place  of 
Constantinople  to  be  destroyed.  Chrysostom  so 
vehemently  inveighed  against  the  court  life  of 
Eudoxia  that  she  caused  him  to  he  banished  in 

403,  but  popular  clamor,  added  to  the  panic 
caused  by  an  earthquake,  induced  her  to  recall 
him.   But  her  enmity  caused  his  second  exile  in 

404.  She  survived  this  persecuted  prelate  only 
two  years,  and  if  she  were  too  impatient  under 
the  almost  Aristophanic  invective  of  a  bishop 
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was  more  a  monk  than  a  courtier,  she  was 
probably  sincere  in  her  anxiety  to  rescue  the 
feeble  Areadius  from  the  dominion  of  a  min- 
ister like  Eutropius,  and  the  best  act  she  ever 
did  in  her  life  was  to  bring  this  monster  of 
profligacy  and  corruption  to  the  end  of  his 
career. 

EUDOXIA,  Roman  empress,  who  was  the 
daughter  of  Thcodosius  II :  b.  Constantinople, 
422;  d.  about  463.  She  was  married  to  her 
cousin  Valcntinian  III,  emperor  of  the  West, 
after  whose  death,  by  the  hands  of  emissaries 
of  the  senator  Maximus,  she  was  constrained  to 
espouse  the  latter.  Maximus  subsequently  had 
the  folly  to  reveal  to  her  the  part  which  he  had 
taken  in  the  murder  of  Valcntinian,  and  when 
the  time  for  vengeance  seemed  to  her  to  have 
come  she  invited  to  Italy  Genscric,  king  of  the 
Vandals,  at  whose  approach  Maximus  was  mur- 
dered. Genscric  delivered  Rome  to  pillage  and 
bore  away  with  him  to  Africa  Eudoxia  and  her 
two  daughters. 

EUDOXIA  FEODOROVNA,  tsarinr.  of 
Russia:  b.  1669;  d.  1731.  At  19  she  became  the 
wife  of  Peter  the  Great,  but  her  adherence  to 
the  Conservative  party  caused  her  husband  to 
look  on  her  with  little  favor  and  in  1698  for 
refusing  to  consent  to  a  divorce  she  was  im- 
prisoned in  a  convent  at  Susdal.  In  1718  she 
was  brought  to  Moscow  for  trial  on  a  charge 
of  adultery  and  forced  to  confess  her  guilt. 
Thereafter  she  was  confined  in  the  monastery 
of  Staraya  Lodoga,  but  on  the  accession  of  her 
grandson,  Peter  II,  in  1728,  she  was  set  at 
liberty  and  returned  to  Moscow,  where  she  died. 

EUDOXIANS,  u'dok'si-anz,  followers  of 
Eudoxius,  who  from  356  a.d.  was  bishop  of 
Antioch,  in  Syria,  and  from  360  to  his  death  in 
370  bishop  and  patriarch  of  Constantinople.  He 
was  successively  an  Arian,  a  Semi-Ahan  and  an 
Aetian.  Respecting  the  Trinity,  he  believed  the 
will  of  the  Son  to  be  differently  affected  from 
that  of  the  Father. 

EUDOXUS  (u-d6k'sus)  OF  CNIDOS, 
Greek  astronomer,  lived  about  370  B.C.,  was  the 
scholar  and  friend  of  Plato.  All  his  works  are 
lost,  but  the  poem  of  Aratus  on  astronomy 
makes  us  acquainted  with  the  extent  of  his 
astronomical  knowledge.  Eudoxus  seems  to 
have  been  the  first  to  introduce  an  astronomical 
globe  into  Greece  and  this  may  account  for  the 
great  reputation  which  he  acquired  and  long 
continued  to  enjoy.  He  is  said  to  have  discov- 
ered that  the  solar  year  is  six  hours  longer  than 
365  days  and  to  have  invented  a  sun  dial.  He 
was  considerable  of  a  philosopher  too,  in  his 
day;  and  he  held  that  the  summum  bonum  of 
all  things  is  pleasure,  which  is  the  aim  of  every- 
one. Consult  Letronne,  'Sive  les  ecrets  et  les 
travaux  d'Eudoxc  dc  Cnidc'  (1841). 

EUFAULA,  u-fi'la,  Ala.,  city  in  Barbour 
County,  on  the  Chattahoochee  River,  and  on 
the  Central  of  Georgia  Railroad;  80  miles  south- 
east of  Montgomery.  It  is  at  the  head  of 
steamboat  navigation  on  the  river;  is  the  trade 
centre  of  a  large  manufacturing  and  agricul- 
tural district,  and  carries  on  an  extensive 
cotton-shipping  trade,  exporting  over  30,000 
bales  annually.  It  has  manufactures  of  cotton- 
goods,  cottonseed  oil,  buggies  and  fertilizers. 
It  has  gas  and  electric  lights,  waterworks  plant 
erected  by  the  city  in  1897  at  a  cost  of  $60,000, 


public  parks,  Union  Female  College,  public  high 
school  and  three  national  banks.    Pop.  4,259 

EUGANEAN  (u-ga'ne-an)  HILLS,  a  range 
of  well-wooded  hills,  lying  southwest  of  Padua, 
in  northern  Italy,  between  the  river  Bacchig- 
lione,  the  canals  of  Battaglia  and  Este  and  the 
river  Bisatto,  deriving  their  name  from  an 
ancient  Italian  people  called  Euganei.  They 
owe  their  origin  to  eruptions  of  trachyte  dur- 
ing the  Jurassic  Period.  The  highest  point, 
Monte  Venda,  reaches  about  1,980  feet.  On 
their  slopes  stand  several  villas  with  interesting 
histories,  among  them  Petrarch's  house  at 
Arqua  in  which  the  Italian  poet  died  in  1374. 
His  tomb  is  on  the  market  square  of  Este  at 
the  southern  end  of  the  Hills  and  near  this 
town  is  the  villa,  I  Cappuccini,  lent  by  Byron 
to  Shelley,  who  there  finished  the  first  part  of 
'Prometheus  Unbound*  and  also  wrote  'Lines 
Written  Among  the  Euganean  Hills*  (1818). 
There  arc  also  a  number  of  monasteries  dating 
back  to  the  early  Middle  Ages,  some  of  them 
in  ruins.  Valuable  building  stone,  quarries  and 
mineral  springs  abound.  Consult  Reyer,  E., 
'Die  Eugancen.  Bau  und  Geschichtc  cines 
Vulkans*  (Vienna  1877);  Symonds,  J.  A., 
'Among  the  Euganean  Hills'  (in  Fortnightly 
Review,  Vol.  LIV,  p.  107,  London  1890). 

EUGANEI.   See  Euganean  Hills. 

EUGEN,  Frederich  Karl,  Dukk  op  Wukt- 
temrerc,  Russian  general:  b.  Oels,  Germany, 
1788;  d.  1857.  His  aunt  was  the  wife  of  Tsar 
Paul  of  Russia  and  while  still  in  his  early  years 
he  was  made  major-general.  In  1806-07  he  took 
part  in  the  military  operations  in  Prussia  and 
in  1810  in  Turkey.  He  won  distinction  at  Boro- 
dino, Krasnoi,  Lutxen,  Kulm,  Leipzig  and  other 
battles,  commanded  the  Seventh  Russian  Army 
Corps  in  the  war  with  Turkey  in  1828  and  re- 
tired from  the  service  after  the  peace  of  Adrian- 
ople.  He  now  gave  his  attention  to  study  and 
composed  an  opera  'Die  Gcisterbraut,)  produced 
at  Breslau  in  1830.  His  works  include  'Erin- 
nerungen  aus  dem  Feldzuge  des  Jahres  1812  in 
Russland'  (1846)  and  <Memoiren>  (1862). 

EUGEN  ONIEGIN,  an  opera  in  three 
acts  by  Peter  Uich  Tschaikowsky  (libretto 
adapted  from  Poushkin),  first  performance  by 
the  students  of  the  Conservatory  at  Moscow  in 
March,  1879.  The  reception  was  cool,  but  grad- 
ually the  work  crept  into  popular  favor.  In 
spite  of  the  strong  dramatic  character  of 
Tschaikowsky's  music,  he  never  developed  any 
marked  talent  for  the  theatre  and  from  the 
dramatic  standpoint  'Eugcn  Onicgin'  shows 
many  weaknesses.  Beside  the  works  of  the 
younger  Russian  school  of  which  Monssorgsky 
is  the  leader,  it  seems  to  lack  the  virility  that 
has  come  to  be  associated  with  modern  Russian 
music.  The  influence  of  sunny  Italy  is  felt 
rather  than  that  of  the  Northern  steppes.  But 
the  music  breathes  the  composer's  joy  in  cre- 
ation and  is  pervaded  by  a  romantic  melancholy 
and  elegiac  sentiment  that  makes  its  emotional 
appeal  very  strong.  The  letter  scene  is  the 
most  popular  bit  in  the  opera.  Rosa  New- 
march,  who  has  made  a  special  study  of  Rus- 
sian opera,  likens  'Eugen  Oniegin'  to  "the 
embodiment  of  some  captivating,  wayward,  fe- 
male spirit,  which  subjugates  all  emotional 
natures,  against  their  reason,  if  not  against 
their  will."  Lewis  M.  Isaacs. 
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EUGtENE 


EUGENE,  c-zhan.  Prince  (Francois  Eu- 
gene de  Savoie-Carignan).  Austrian  general: 
b.  Paris,  18  Oct.  1663;  d.  Vienna,  21  April  1736. 
Among  all  the  generals  and  statesmen  of 
Austria,  none  has  rendered  more  numerous  and 
important  services  than  Eugene.  He  was  great 
alike  in  the  field  and  the  cabinet.  He  petitioned 
Louis  XIV  for  a  company  of  dragoons,  but 
was  refused  on  account  of  the  opposition  of 
Louvois,  Minister  of  War,  who  hated  the  family 
of  Eugene.  Indignant  at  this  repulse  and  at 
the  banishment  of  his  mother,  a  niece  of  Car- 
dinal Mazarin,  Eugene,  in  1683,  entered  the 
Austrian  service.  The  distinction  he  earned  at 
the  siege  of  Vienna  in  1683,  at  that  of  Belgrade 
in  1688,  at  that  of  Maycnce  in  1689  and  else- 
where, procured  for  him  rapid  promotion.  War 
having  broken  out  between  France  and  Austria, 
he  prevailed  upon  the  Duke  of  Savoy  to  enter 
into  an  alliance  with  the  emperor,  and  in  1690 
received  the  command  of  the  imperial  forces 
sent  to  Piedmont  to  act  in  conjunction  with  the 
troops  of  the  Duke  of  Savoy.  He  defeated  the 
Turks  at  the  battle  of  Zenta  (11  Sept.  1697) 
and  obtained  on  that  occasion  the  applause  of 
Europe.  The  loss  of  the  Turks  at  Zenta  obliged 
them  to  accede  to  the  Peace  of  Carlowitz,  1699, 
which  was  the  first  symptom  of  their  decline. 
On  the  outbreak  of  the  War  of  the  Spanish 
Succession  he  was  given  the  command  in  Italy 
and  defeated  the  French  on  several  occasions, 
but  inadequate  forces  led  to  his  defeat  at 
Luzzara,  15  Aug.  1702.  In  1703  he  received  the 
command  of  the  army  in  Germany,  and  his 
efficient  co-operation  with  Marlborough  frus- 
trated the  plans  of  France  and  her  allies.  In 
the  battle  of  Hochstadt  (Blenheim),  13  Aug. 
1704,  the  two  heroes  gained  a  decisive  victory 
over  the  French  and  Bavarian  army,  com- 
manded by  the  Prince  of  Bavaria  and  Marshal 
Tallard,  the  latter  of  whom  was  made  pris- 
oner. In  1705  Eugene  returned  to  Italy,  where 
he  hastened  to  the  relief  of  Turin,  stormed  the 
French  lines,  forced  them  to  raise  the  siege  and 
in  one  month  drove  them  out  of  Italy.  In  1707 
he  entered  France  and  laid  siege  to  Toulon ; 
but  the  immense  superiority  of  the  enemy 
obliged  him  to  retire  into  Italy.  During  the 
following  years  he  fought  on  the  Rhine,  took 
Lille  and,  in  conjunction  with  Marlborough, 
defeated  the  French  at  Oudenarde  (1708)  and 
Malplaquct  (1709).  After  the  recall  of  Marl- 
borough and  the  defection  of  England  and  Hol- 
land from  the  alliance  against  France,  his  farther 
progress  was  in  a  great  measure  checked.  The 
Peace  of  Rastadt,  the  consequence  of  the  Treaty 
of  Utrecht,  was  concluded  between  Eugene  and 
Villars  in  1714.  In  the  war  with  Turkey,  in 
1716,  Eugene  defeated  two  superior  armies  at 
Pcterwardcin  and  Tcmcsvar,  and,  in  1717,  took 
Belgrade,  after  having  gained  a  decisive  victory 
over  a  third  army  that  came  to  its  relief.  The 
Treaty  of  Passarovitz  (concluded  in  1718)  was 
the  result  of  this  success.  His  fame  is  still 
celebrated  in  popular  song,  "Prinz  Eugen  dcr 
edle  Kittcr."  He  was  also  distinguished  as  a 
discriminating  patron  of  art  and  literature. 
Consult  Mallcson,  'Prince  Eugene  of  Savoy 
(1888). 

EUGENE,  u-jen',  Ore.,  city  and  county-seat 
of  Lane  County;  on  the  Willamette  River,  the 
Southern  Pacific,  Oregon  Electric  and  other 
railroads;  123  miles  south  of  Portland  and  50 


miles  from  the  Pacific  Ocean.  The  University 
of  Oregon  was  established  here  in  1876  and  now 
has  about  1,000  students.  The  city  is  also  the 
seat  of  the  Eugene  Bible  University  and  con- 
tains a  Carnegie  library.  It  is  the  commercial 
centre  of  a  fertile  agricultural  region.  Lumber- 
ing and  gold  and  silver  mining  arc  carried  on  in 
the  vicinity.  The  manufactures  are  chiefly 
flour,  lumber,  brick,  tiling,  fruit  drying  and 
packing,  a  flax  factory  and  some  articles  for 
home  consumption.  The  United  States  census  of 
manufactures  for  1914  showed  within  the  city 
limits  37  industrial  establishments  of  factory 
grade,  employing  322  persons;  238  being  wage- 
earners  receiving  annually  a  total  of  $167,000  in 
wages.  The  capital  invested  aggregated  $651,000, 
and  the  year's  output  was  valued  at  $810,000: 
of  this,  $403,000  was  the  value  added  by  manu- 
facture. The  city  was  settled  in  1854,  and  was 
incorporated  in  1864.  The  government  is  ad- 
ministered by  a  mayor,  chosen  for  two  years, 
and  a  city  council.  The  waterworks  and  elcc- 
tric-lighMplant  arc  the  property  of  the  city. 

EUGENE  ARAM,  a  novel  by  Edward 
Bulwer-Lytton  (q.v.)  written  in  1831  and  pub- 
lished in  3  vols.,  1832.  It  was  founded  on  the 
career  of  an  English  scholar,  Eugene  Aram :  b. 
1704;  executed  for  the  murder  of  one  Clark  in 
1759.  The  character  of  the  murderer  and  the 
circumstances  of  his  life  made  the  case  one  of 
the  most  interesting,  from  a  psychological  point 
of  view,  in  the  criminal  annals  of  England. 
Aram  was  a  scholar  of  unusual  ability,  who, 
self  taught,  had  acquired  a  considerable  knowl- 
edge of  languages,  and  was  even  credited  with 
certain  original  discoveries  in  the  domain  of 
philology.  Of  a  mild  and  refined  disposition, 
his  act  of  murder  seemed  a  complete  contradic- 
tion of  all  his  habits  and  ideals  of  life. 
'Eugene  Aram'  is  an  unusually  successful  study 
in  fiction  of  a  complex  psychological  case.  At 
the  time  of  its  publication,  it  caused  a  great 
stir  in  England,  many  attacks  being  made  upon 
it  on  the  ground  of  its  false  morality.  To  the 
present  generation  its  romance  is  of  more  inter- 
est perhaps  than  its  psychology.  Some  years 
after  the  novel  was  first  published,  the  author 
changed  his  opinion  concerning  the  guilt  of 
Aram  and  as  a  result  also  changed  the  story 
beginning  with  the  edition  of  1851.  The  Eng- 
lish poet,  Thomas  Hood,  wrote  a  poem  on  the 
same  theme  entitled  'The  Dream  of  Eugene 
Aram'  (London  1831).  It  has  also  been 
dramatized,  first  by  Bulwer-Lytton,  who,  how- 
ever, never  finished  the  plav  but  published  it  in 
its  unfinished  form  in  The  Slew  Monthly  Maga- 
zine and  Literary  Journal  (Vol.  XXXVIII,  p. 
401,  London  1833),  and  later  attached  it  to  the 
novel  itself.  Other  dramatic  versions  were  pub- 
lished by  Moncrieff,  VV.  T.,  'Eugene  Aram,  or 
Saint  Robert's  Cave'  (in  'French's  Acting 
Edition  of  Plays,*  Vol.  CHI,  London  and  New 


York,  n.  d);  Williams,  E.  W.  H.,  'I 
Aram.  A  Play  in  Five  Acts*  (New  Orleans 
1874),  and  Wills.  VV.  G.,  'Eugene  Aram'  which 
was  produced  in  1873  by  Henry  Irving.  For 
the  history  and  life  of  Eugene  Aram  consult 
Scatcherd,  N\,  'Memoirs  of  Eugene  Aram* 
(London  1838). 

EUGENE  DE  BEAUHARNATS,  e-zhin 

de  b6-ar-na.    See  Bkauh asnais,  Eugeke  DE. 
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EUGENI  ONYEGIN.  Pushkin's  poem 
'Eugeni  Onyegin*  is  the  prototype  of  the  Rus- 
sian novels  dealing  with  unsuccessful  heroes. 
Here  the  hero  Onyegin  represents  a  member  of 
cultured  society  in  the  20's  who  took  Childe 
Harold  for  their  example.  Indeed,  the  first 
canto  arose  directly  under  the  influence  of 
Byron's  'Don  Juan'  and  'Childe  Harold,'  but  in 
the  further  development  Pushkin  described,  not 
an  individual  blase,  but  a  class  type  of  helpless, 
frivolous  upper  society,  and,  to  a  certain  ex- 
tent, gave  his  poem  the  nature  of  a  social  satire, 
as  which  it  was  recognized  by  contemporary 
critics.  But,  although  Pushkin  in  the  begin- 
ning of  his  poem  pursued  Onyegin  with  banter 
and  irony,  he  looked  more  objectively  at  the 
hero  as  he  proceeded,  and  even  pitied  him. 
when  his  relation  to  Lenski  and  Tatyana  became 
tragic.  Onyegin  began  by  joining  in  his 
friends'  orgies,  but  soon  commenced  to  pine, 
and  at  last  tried  to  busy  himself  with  affairs. 
He  wanted  to  act  as  a  benefactor  to  his 
peasants,  but  was  not  understood  by  them. 
After  killing  Lenski  in  a  duel,  he  started  on  a 
journey,  but  even  his  wandering  could  not  cure 
his  blase1  spirit.  He  insulted  simple-minded, 
faithful  Tatyana  with  his  cold  counsels,  and 
fell  in  love  with  her  only  when  he  found  her 
married  to  another  man. 

The  enormous  popularity  of  this  poem  is 
evidenced  by  the  fact  that  up  to  1885  it  was  re- 
printed in  whole  or  in  part  27  times,  while  for 
the  same  period  there  are  recorded  55  critical 
essays  dealing  with  the  subject  and  33  trans- 
lations. English  translations  are  by  D.  Minaicff, 
(Saint  Petersburg  1868)  ;  by  Mrs.  J.  Buchan 
Telfer  (nee  Mouravieff,  London  1880) ;  by 
Spalding  (London  1881).  It  was  dramatized  in 
1846,  and  in  this  form  was  kept  in  the  repertoire 
until  1852.  It  gained  its  greatest  popularity 
through  Chaykovski's  opera,  written  in  1872. 

Leo  Wiener. 

EUGENICS  (from  Greek  ti<ytvt,c  well- 
born). According  to  Francis  Galton,  the  great 
English  scientist  who,  in  1883,  first  used  the 
term  'eugenics,*  this  branch  of  learning  *is  the 
science  which  deals  with  all  influences  that  im- 
prove the  inborn  qualities  of  a  race.*  Within 
the  scope  of  such  influences  Galton  included  all 
forces  that  tend  to  produce  an  increase  in  the 
number  of  such  individuals  as  possess  desirable 
hereditary  qualities  and  a  decrease  in  the  num- 
ber of  those  whose  transmissible  traits  arc  un- 
desirable. As  applied  to  the  human  race  Galton 
admitted  that  differences  of  opinion  exist  as  to 
what  hereditary  traits  are  desirable  and  what 
are  not.  A  warrior  may  approve  pugnacity,  a 
statesman,  tolerance.  An  hereditary  trait  ex- 
pressing itself  in  one  of  these  qualities  might 
easilv  prove  unfavorable  for  the  development 
of  the  other.  Who,  then,  is  to  decide  what 
qualities  are  really  favorable?  Galton  met  this 
difficulty  by  pointing  out  the  fact  that  few  per- 
sons would  fail  to  consider  desirable  such 
fundamental  qualities  as  health,  energy  and 
ability.  In  a  lecture  before  the  Sociological 
Society  of  London  in  1904  he  reviewed  some  of 
the  results  that  in  his  opinion  would  follow  if 
the  British  nation  through  the  practice  of 
eugenics  were  to  rai<c  its  average  quality  to 
that  of  its  better  half.  "The  general  tone  of 
domestic,  social  and  political  life  would  be  less 
foolish,  less  frivolous,  less  excitable  and  polit- 


ically more  provident  than  now.  Its  dem- 
agogues who  'Played  to  the  gallery*  would  play 
to  a  more  sensible  gallery  than  at  present.  We 
should  be  better  fitted  to  fulfil  our  vast  imperial 
opportunities.  Lastly  men  of  an  order  of  abil- 
ity which  is  now  very  rare  would  become  more 
frequent  because  the  level  out  of  which  they 
rose  would  itself  have  risen*  It  is  evident, 
from  the  foregoing,  that  knowledge  of  the  laws 
of  heredity  is  requisite  if  eugenics  is  to  be  sci- 
entific in  fact  as  well  as  in  aim.  Such  knowl- 
edge must  necessarily  include  ability  to  tell  not 
only  what  traits  are  transmissible  by  physiolog- 
ical processes  but  also  the  extent  to  which  they 
are  heritable.  If  these  laws  be  given  as  known 
factors,  the  eugenist  then  becomes  interested 
in  discussing  how  they  may  be  utilized.  He 
wishes  to  know  who  are  the  bearers  of  the  de- 
sirable hereditary  traits  and  how  they  may  be 
led  to  contribute  a  relatively  large  proportion  of 
offspring  to  the  succeeding  generation.  Like- 
wise he  wishes  to  know  who  are  the  bearers 
of  undesirable  hereditary  traits  and  how  their 
contributions  may  be  minimized.  Still  further, 
having  ascertained  these  facts  he  wishes  by 
propagandist  methods  to  spread  abroad  what- 
ever knowledge  exists  within  the  field  and  by 
practical  measures  to  better  the  breed  of  man. 

The  idea  that,  like  the  animals,  the  breed  of 
man  may  be  improved  by  a  conscious  selective 
process  is  by  no  means  modern.  It  appears 
even  in  early  Chinese  literature.  Plato's  sug- 
gestions on  this  subject  in  the  'Republic'  are 
too  well  known  to  dwell  upon.  Some  of  the 
Roman  classical  writers  even  give  explicit  rules 
of  procedure.  The  modern  eugenics  movement 
however,  dates  from  the  publication  in  1865  of 
two  articles  on  'Hereditary  Talent  and  Char- 
acter* by  Francis  Galton  in  Mocmillan's  Maga- 
zine for  that  year.  So  far  as  its  scientific  foun- 
dation is  concerned,  the  origin  of  eugenics  may 
be  considered  identical  with  the  beginnings  of 
biology.  For  this  no  specific  date  can  be  as- 
signed because  the  history  of  biology  —  as  most 
excellently  outlined  by  Prof.  H.  F.  Osborne  in 
'From  the  Greeks  to  Darwin' — may  be  traced 


from  a  very  early  period.  Nevertheless  it  was 
Darwin's  'Origin  of  Species'  that  in  1859 
inaugurated  the  distinctly  modern  period  of 
biological  investigation.  The  rapid  and  wide- 
spread acceptance  of  Darwin's  contention  that 
the  most  fundamental  characteristics  of  all  liv- 
ing organisms  are  subject  to  change  naturally 
prepared  the  public  mind  for  a  practical  pro- 
gram for  bettering  those  characteristics.  There- 
fore when  in  1869  under  the  title  of  'Hereditary 
Genius,'  Galton  presented  extensive  biographi- 
cal studies  in  support  of  the  contention  that 
great  ability  is  hereditary  his  ideas  received 
widespread  attention.  An  increasing  literature 
on  this  and  other  phases  of  the  problem  soon 
popularized  the  subject.  Eminent  English 
writers,  such  as  Wallace,  Greg  and  even  Dar- 
win himself  took  part  in  the  movement.  In 
1873  the  appearance  of  Alphonse  de  Candolle's 
'Histoirc  des  sciences  et  des  savants'  marked 
the  beginning  of  the  interest  of  continental  in- 
vestigators. In  the  same  year  appeared  Ribot's 
'L'Hcridite'  psychologiquc. *  Later,  Gcorg 
Hansen's  "Die  drei  Bcvolkerungstufen,'  Am- 
nion's studies  of  an  anthropological  character 
and  Lcpougc's  'Lcs  selections  sociales'  raised 
the  question  whether  the  assumed  Aryan  race 
was  not  suffering  from  a  "reversed  selection* 
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caused  by  the  attraction  of  the  best  stock  to 
cities  and  a  failure  to  reproduce  therein.  The 
subject  matter  of  de  Candolle's  work  was 
closely  related  to  that  of  Galton's.  The  conclu- 
sions reached  in  the  former's  book,  however, 
did  not  fully  support  Galton's  belief  that  spe- 
cialized ability  is  hereditary.  Galton  imme- 
diately replied  to  it  in  an  effective  manner  and 
shortly  after  brought  out  his  classic  'English 
Men  of  Science:  their  Nature  and  Nurture.' 
In  this  he  set  forth  additional  carefully  com- 
piled data  indicating  the  supremacy  of  nature 
over  nurture.  Shortly  after  these  hopeful  be- 
ginnings popular  interest  in  the  field  now 
known  as  eugenics  waned  in  England  and  for 
more  than  two  decades  little  attention  was  paid 
to  the  scientific  side  of  the  subject.  It  is  true 
that  during  this  period  Galton  produced  two 
important  works  'Inquiries  into  Human  Fac- 
ulty and  its  Development1  and  'Natural  Inher- 
itance,' the  first  in  1883  and  the  second  in  1889, 
but  they  aroused  comparatively  little  general 
notice.  Even  Galton  himself  °laid  the  subject 
wholly  to  one  side  for  many  years.' 

In  America,  however,  various  contributions 
to  the  problem  of  race  betterment  appeared 
from  time,  to  time.  Among  these  Mr.  Robert 
L.  Dugdales  'The  Jukes'  (1877)  was  easily  the 
most  important.  This  was  a  thoroughly  scien- 
tific and  intensive  study  of  a  degenerate  family. 
In  it  the  characteristics  of  over  500  descend- 
ants of  the  head  of  the  family  were  carefully 
recorded  and  a  number  of  important  "tenta- 
tive" inductions  were  drawn.  Among  these 
were:  pauperism  preponderates  in  the  consan- 
guineous lines;  crime  preponderates  in  the  ille- 
gitimate lines;  illegitimate  criminal  lines  show 
collateral  branches  which  are  honest  and  indus- 
trious. A  popular  impression  has  quite  gener- 
ally prevailed  in  America  that  this  study  of  the 
Jukes  constitutes  a  demonstration  of  'heredi- 
tary criminality,*  "hereditary  pauperism,9  etc 
This  impression  is  unwarranted.  As  Professor 
Giddings  has  pointed  out  its  author  never  made 
such  a  claim  for  it.  "Mr.  Dugdale,"  he  says, 
"undoubtedly  believed  in  the  hereditary  trans- 
mission of  character  tendencies  as  of  physical 
traits  and  here  and  there  he  points  out  what 
seem  to  him  to  be  evidences  of  heredity  in  this 
sense  in  the  'Jukes'  blood.  But  he  is  ever 
careful  to  say  'seemingly'  or  'apparently'  or 
otherwise  to  warn  the  reader  that  the  conclu- 
sion is  tentative.  Far  from  believing  that 
heredity  is  fatal,  Mr.  Dugdale  was  profoundly 
convinced  that  'environment'  can  be  relied 
upon  to  modify  and  ultimately  to  eradicate  even 
such  deep-rooted  and  wide-spreading  growths 
of  vice  and  crime  as  the  'Jukes '  group  exem- 
plified.11' Another  study  of  similar  nature  by 
McCulloch  was  published  somewhat  later  under 
the  title  the  'Tribe  of  Ishmael.'  In  1883  Dr. 
Alexander  Graham  Bell's  'Memoir  upon  the 
Foundation  of  a  Deaf  Variety  of  the  Human 
Race'  appeared,  and  shortly  after  under  the  im- 
print of  the  Volta  Bureau,  endowed  by  Dr. 
Bell  himself,  there  followed  Dr.  Fay's  'Mar- 
riages of  the  Deaf  in  America.'  Somewhat 
later  under  the  stimulus  of  Dr.  Amos  Warner's 
chapter  on  "Charity  as  a  Factor  in  Human  Selec- 
tion* in  his  'American  Charities, >  various  studies 
on  this  topic  were  published  in  the  annual  vol- 
umes of  the  proceedings  of  the  National  Con- 
ference of  Charities  and  Correction.  These 
publications  naturally  appealed  to  a  rather  lim- 
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ited  number  of  specialists.  Popular  interest  in 
the  specific  eugenic  problem  of  social  improve- 
ment through  better  breeding  was  waning  to 
some  extent  in  America  just  as  it  was  in 
England. 

The  beginning  of  the  20th  century,  however, 
witnessed  a  very  marked  reawakening.  By  that 
time  Darwin's  doctrine  of  selection  had  thor- 
oughly established  itself  and  the  public  was  ac- 
customed to  think  of  biological  laws  as  some- 
thing more  than  mere  hypotheses.  By  that 
time,  also,  the  Italian  school  of  criminologists 
including  Lombroso,  Garofalo  and  Fcrri  had 
aroused  lively  discussion  of  the  question  as  to 
how  far  there  was  a  true  hereditary  criminal 
type.  In  England  much  alarm  had  been  oc- 
casioned by  the  military  reverses  in  South 
Africa.  Moreover  at  about  the  same  period 
Charles  Booth's  thorough  investigations  had 
been  revealing  the  wide  extent  of  poverty  and 
degradation  in  London.  The  discussion  of 
Max  Nordau's  'Degeneration'  (1893)  which 
had  aroused  widespread  fears  of  progressive 
deterioration  had  not  yet  wholly  died  away  and 
Benjamin  Kidd's  'Social  Evolution'  (1894) 
which  had  emphasized  the  relation  of  religion 
and  biology  to  social  progress  was  still  the 
subject  of  lively  comment  in  pulpit  and  press. 
In  view  of  this  situation  it  is  not  strange  that 
Karl  Pearson,  the  foremost  eugenist  of  Eng- 
land, after  Galton,  created  almost  a  sensation 
when  in  November  1900  he  delivered  his  now 
famous  Newcastle  lecture  on  'National  Life 
from  the  Standpoint  of  Science.'  In  this 
lecture  he  reviewed  what  he  regarded  as  sources 
of  weakness  in  the  British  population  and  em- 
phasized the  necessity  of  being  ever  ready  to 
meet  the  competition  of  other  peoples.  "If  the 
nation,"  he  said,  "is  to  maintain  its  position  in 
this  struggle  it  must  be  fully  provided  with 
trained  brains  in  every  department  of  national 
activity.  .  .  .  Arc  we  certain  we  have  a  reserve 
of  brain-power  ready  to  be  trained?  We  have 
to  remember  that  man  is  subject  to  the  universal 
law  of  inheritance  and  that  a  dearth  of  capacity 
may  arise  if  we  recruit  our  society  from  the 
inferior  and  not  the  better  stock.*  Again  he 
exclaimed,  "Our  legislators  get  wonderfully 
excited  over  laws  relating  to  horses  and  cattle; 
they  devote  money  and  time  to  breeding  pur- 
poses and  realize  the  strength  of  the  law  of 
inheritance  when  they  endow  national  studs  and 
give  prizes  to  encourage  the  maintenance  of 
good  stock  or  when  again  they  work  for  the 
establishment  of  selected  herds.  But  which  of 
them  has  considered  domestic  legislation  from 
the  national  history  standpoint?  What  states- 
man has  remembered  that  in  the  character  of 
the  national  fertility  of  to-day  is  written  the 
strength  or  weakness  of  the  nation  to-morrow  ?* 
Primarily  through  the  efforts  of  Professor 
Pearson,  this  lecture  waB  followed  a  little  later 
by  the  founding  of  the  journal  known  as 
Biometrika.  This  journal  became  the  particular 
organ  of  those  eugenists  who  attacked  the 
problem  from  the  mathematical  and  statistical 
point  of  view.  The  impetus  given  to  the  move- 
ment by  the  various  investigations  published  in 
this  journal,  however,  was  greatly  strengthened 
by  developments  following  another  striking 
event — also  purely  scientific  in  its  nature  — 
which  had  occurred  unexpectedly  in  1900.  This 
wa«  the  rediscovery  by  several  independent 
workers  of  the  so-called  Mendrlian  laws  of 
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heredity.  These  laws  had  been  announced  by 
Gregor  Mendel  as  early  as  1868  but  had  received 
practically  no  attention.  After  their  redis- 
covery, however,  biologists  all  over  the  world 
began  systematic  experiments  to  ascertain  the 
extent  to  which  the  so-called  "laws*  applied. 
Hitherto  such  "laws"  of  heredity  as  had  been 
formulated  always  expressed  a  relationship  be- 
tween the  average  amount  of  a  given  trait  in 
an  entire  group  of  ancestors  and  the  average 
amount  of  the  same  trait  in  the  entire  group  of 
their  descendants.  For  example,  the  Galtonian 
"law  of  ancestral  heredity*  was,  that  two 
parents  contribute  together,  on  the  average,  one- 
halt  of  the  total  heritage  of  the  offspring;  the 
four  grandparents,  one-quarter;  the  eight  great 
grandparents,  one-eighth.  This,  even  if  true, 
tells  nothing  about  the  probability  of  a  given 
individual  inheriting  any  given  characteristic 
from  any  particular  ancestor.  The  Mendelian 
laws,  however,  formulated  relationships  between 
specific  traits  of  a  single  pair  of  ancestors  and 
the  corresponding  traits  in  their  descendants. 
For  example,  it  happens  that  eye  color  in  man 
appear  to  "mendelize.*  Thus  to  take  a  single 
specific  instance  it  is  held,  with  a  high  degree 
of  probability,  that  if  both  parents  nave  blue 
or  gray  eyes  they  cannot  have  children  with 
black  or  brown  eyes.  The  laws  also  express 
other  equally  definite  but  more  complex  rela- 
tionships of  a  highly  significant  character.  How 
many  of  the  important  heritable  characteristics 
of  man  follow  the  Mendelian  laws  is  not  yet 
known.  The  problem  is  one  susceptible  of  ac- 
curate investigation,  however,  and  rapid  strides 
arc  now  being  made  in  solving  it.  Some  notion 
of  the  importance  of  the  results  likely  to 
follow  as  further  facts  are  collected  may  be 
gained  by  consideration  of  a  single  one  out  of 
many  discoveries  —  namely,  the  operation  of  one 
phase  of  the  law  in  the  case  of  fccblc-mindcd- 
ness.  This  trait  is  said  to  behave  like  the  blue 
color  of  eyes:  that  is,  almost  without  exception, 
if  both  parents  are  feeble-minded  none  of  the 
children  will  be  normal.  Dr.  Henry  H.  God- 
dard,  one  of  the  foremost  experts  on  feeble- 
mindedness in  this  country,  found  this  to  be 
true  in  the  case  of  all  but  six  of  482  children 
whose  parents  were  all  feeble-minded. 

The  importance  for  eugenics  of  the  dis- 
covery of  the  Mendelian  laws  and  of  the  farther 
investigation  of  the  extent  of  their  validity  is 
evident.  In  the  case  of  fccblc-mindedness  alone, 
the  facts  stated  above,  taken  together  with  other 
known  relationships  of  similar  definiteness,  con- 
stitute ample  justification  for  active  efforts  to 
prevent  propagation  by  the  feeble-minded.  This 
is  not  the  place  to  present  extended  discussion 
of  the  technical  phases  of  the  biological  side 
of  the  eugenic  problem.  Attention  may  properly 
be  directed,  however,  to  some  of  the  hopes  and 
anticipations,  cherished  by  contemporary  eugen- 
ists,  that  will  indicate  the  possibilities  of  im- 
provement if,  in  fact,  the  biological  basis  of  the 
claims  becomes  fully  established.  Dr.  Charles 
Davenport,  director  of  the  department  of  ex- 
perimental evolution  of  the  Carnegie  Institution 
at  Cold  Spring  Harbor,  Long  Island,  is,  at  the 
present  time,  one  of  the  most  enthusiastic  be- 
lievers in  what  the  future  holds  in  store  for 
eugenics.  In  describing  the  plans  for  the  work 
of  the  committee  on  eugenics  of  the  American 
Breeders'  Association  he  outlined  a  number  of 
interesting  plans  for  future  advance.  Accord- 


ing to  Dr.  Davenport  one  sub-committee  of  that 
organization  is  charged  with  the  study  of  the 
feeble-minded.  "This  committee,"  he  says,  "has 
most  important  interests  since  the  number  of 
feeble-minded  in  the  United  States  alone  is 
probably  not  less  than  150,000  of  which  15,000 
are  in  institutions."  Other  contemplated  types 
of  work  for  the  eugenic  committee  included 
study  of  the  protoplasmic  basis  of  eye  defects; 
deafness,  predisposition  toward  lung  and  throat 
trouble  and  toward  diseases  of  the  excretory 
and  circulatory  organs.  Still  other  forms  of 
investigation  which  Dr.  Davenport  hoped  could 
be  undertaken  were  studies  of  criminality  and 
pauperism,  the  effects  of  consanguineous  mar- 
riages and  of  "such  mongrelization  as  is  pro- 
ceeding on  a  vast  scale  in  this  country.1"  He 
was  particularly  anxious  that  the  extant  records 
of  institutions  be  studied.  The  amount  of 
such  data  is  enormous.  "They  lie  hidden  in 
records  of  our  numerous  charity  organizations, 
our  42  institutions  for  the  feeble-minded,  our  115 
schools  and  homes  for  the  deaf  and  blind,  our 
350  hospitals  for  the  insane,  our  1,200  refuge 
homes,  our  1,300  prisons,  our  1,500  hospitals  and 
our  2,500  almshouses.  Our  great  insurance 
companies  and  our  college  gymnasiums  have 
tens  of  thousands  of  records  of  the  characters 
of  human  blood  lines*  By  study  of  these 
records  it  will  be  possible  "to  learn  whence 
come  our  300,000  insane  and  feeble-minded,  our 
160,000  blind  or  deaf,  the  2,000,000  that  are  an- 
nually cared  for  by  our  hospitals  and  homes, 
our  80.000  prisoners  and  the  thousands  of 
criminals  that  are  not  in  prison  and  our  100,000 
paupers  in  almshouses  and  out.  This  three  or 
four  per  cent  of  our  population  is  a  fearful  drag 
on  our  civilization.  .  .  .  Anew  plague  that  ren- 
dered four  per  cent  of  our  population,  chiefly 
.  at  the  most  productive  age,  not  only  incom- 
petent but  a  burden  costing  $100,000,000  yearly 
to  support  would  instantly  attract  universal  at- 
tention and  millions  would  be  forthcoming  for 
its  study  as  they  have  been  for  the  study  of 
cancer.  But  we  have  become  so  used  to  crime, 
disease  and  degeneracy  that  we  take  them  as 
necessary  evils.  That  they  were,  in  the  world's 
ignorance  is  granted.  That  they  must  remain 
so,  is  denied.  .  .  .  Vastly  more  effective  than 
ten  million  dollars  to  '  Charity  >  would  be  ten 
millions  to  eugenics.  He  who  by  such  a  gift 
should  redeem  mankind  from  vice,  imbecility 
and  suffering  would  be  the  world's  wisest 
philanthropist.*  A  considerable  part  of  the 
actual  investigations  outlined  by  Professor 
Davenport  has  been  undertaken  under  his  own 
direction  at  Cold  Spring  Harbor  and  the  results 
have  been  published  from  time  to  time  in  the 
bulletins  of  Eugenics  Record  Office. 

The  phases  of  eugenics  emphasized  bv  Pro- 
fessor Davenport  in  the  foregoing  account  are 
chiefly  negative.  They  have  to  do  with  efforts 
to  eliminate  the  unfit.  Positive  eugenics  deals 
with  a  wholly  different  field,  namely,  the  effort 
to  increase  the  productivity  of  the  best  stocks. 
There  is  no  doubt  whatever  that  the  birth  rate 
among  the  more  highly  educated  classes  through- 
out the  civilized  world  tends  to  be  much  lower 
than  that  of  the  more  ignorant  classes.  It  is 
true  that  a  corresponding  state  of  affairs  exists 
in  the  matter  of  death  rates.  In  spite  of  this, 
however,  the  actual  effective  contribution  of 
the  better  educated  to  the  next  generation  is 
at  a  much  lower  rate  than  that  of  the  ignorant. 
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Not  only  is  it  true  that  college  graduates  as  a 
group  are  scarcely  reproducing  themselves  but 
the  same  is  true  of  the  foremost  men  of  science. 
The  completed  family  of  the  contemporary 
scientific  man  in  the  United  States  and  Canada 
according  to  a  very  careful  investigation  by 
Professor  Cattell  is  about  two;  the  surviving 
family  about  one  and  eight-tenths.  Twenty-two 
per  cent  of  the  families  are  childless;  only  one 
family  in  75  is  larger  than  six.  As  a  rule  the 
native-born  inhabitants  of  Massachusetts  rank 
fairly  high  as  regards  education.  During  the  25 
years  from  1887  to  1911  the  deaths  among  this 
class  exceeded  births  in  families  where  the 
parents  were  native  born  by  269,918.  The 
eugenic  importance  of  these  declines  in  birth 
rates  among  educated  persons  depends  entirely 
upon  the  question  whether,  as  a  matter  of  fact, 
the  better  educated  arc,  on  the  average,  pos- 
sessed of  better  hereditary  charactistics  than 
other  classes.  Biologically  considered  the  train- 
ing that  a  man  receives  cannot  be  held  to  in- 
crease in  any  way  the  probability  of  his  having 
children  of  higher  talent  than  if  he  had  not  had 
any  training  whatsoever.  It  may  well  be, 
however,  that,  on  the  average,  those  who  pos- 
sess better  hereditary  traits  have  succeeded  in 
obtaining  a  good  education  more  frequently 
than  have  persons  less  well  endowed  by  nature. 
On  the  other  hand  it  may  well  be  that,  on  the 
average,  educated  and  successful  persons  have 
merely  been  more  fortunate  than  others.  The 
question  as  to  whether  or  not  success  is  an 
evidence  of  hereditary  superiority  has  been 
long  debated  but  is  yet  far  from  solution.  Gal- 
ton  believed  that  if  the  eminent  men  of  any 
period  had  been  changelings  when  babies  a  very 
fair  proportion  of  those  who  survived  and  re- 
tained their  health  up  to  50  years  of  age  would, . 
notwithstanding  their  altered  circumstances,  have 
equally  risen  to  eminence.  If  a  man  is  gifted 
with  vast  intellectual  ability,  eagerness  to  work 
and  power  of  working,  Galton  could  not  com- 
prehend how  such  a  man  could  be  repressed. 
If  this  belief  proves  to  correspond  with  fact,  it 
is  easy  to  see  that  the  more  successful  mem- 
bers of  society,  including  the  better  educated, 
must  be  the  carriers  of  hereditary  traits  higher 
than  the  average.  A  low  birth  rate  in  such 
classes  would  be  correspondingly  serious  from 
the  eugenic  point  of  view.  Jt  is,  however,  very 
doubtful  if  the  argument  can  legitimately  be 
pushed  as  far  as  Galton  carried  it.  Prof.  Lester 
F.  Ward  was  never  weary  of  contending  that 
natural  ability  is  distributed  fairly  evenly 
throughout  the  various  classes  in  society. 
Naturally  he  did  not  contend  that  all  individuals 
arc  equally  endowed  at  birth  —  such  a  conten- 
tion would  have  been  absurd.  He  did  hold, 
however,  that  in  all  probability  the  percentage 
of  individuals  highly  endowed  by  nature  with 
desirable  hereditary  qualities  in  all  nations  and 
in  all  social  classes  does  not  materially  differ. 
If  the  question  here  presented  could  be  scien- 
tifically solved  it  would  carry  with  it  the  solu- 
tion of  the  vexed  question  as  to  whether  some 
races  arc  by  nature  superior  to  others.  Galton 
was  consistent  in  holding  that  the  ancient  Greeks 
were  much  more  highly  endowed  with  desirable 
hereditary  qualities  than  are  modern  Europeans, 
and  that  the  African  negro  of  to-day  ranks 
about  as  far  below  the  present  European  as  the 
ancient  Greeks  ranked  above.    The  anthropol- 


ogist Boas  on  the  other  hand  agrees  with  the 
•egalitarian*  view  held  by  Ward. 

Because  of  the  differences  of  opinion  held 
concerning  many  of  the  biological  questions  in- 
volved it  is  evident  that  no  careful  thinker  is 
likely  to  give  unqualified  approval  to  the  more 
extreme  practical  measures  advocated  by  rad- 
ical eugenists.  It  is  probably  in  part  at  least 
for  this  reason  that  advocates  of  the  "steriliza- 
tion of  the  unfit"  have  not  as  yet  succeeded  very 
fully  in  having  their  ideas  carried  over  into  leg- 
islation. It  is  true  that  12  commonwealths 
of  the  United  States  have  enacted  sterilization 
laws,  but  only  two  appear  to  have  attempted 
any  enforcement  and  only  a  few  operations 
have  actually  been  performed.  On  the  other 
hand  the  increasing  adoption  of  the  idea  that 
custodial  care  is  necessary  for  the  feeble- 
minded reflects  the  increasing  willingness  of 
public  authorities  to  carry  out  measures  advo- 
cated by  those  more  moderate  eugenists  who 
base  their  practical  plans  upon  established  bio- 
logical facts. 

Possibly  the  most  hopeful  fact  in  the  field 
'of  eugenics  at  the  present  time  is  the  growing 
interest  in  the  subject  itself  and  the  increasing 
number  of  trained  investigators  who  arc  at  work 
upon  the  various  phases  of  the  problems  which 
lie  within  the  field.  One  has  only  to  glance 
over  the  reviews  of  books  and  articles  on  eu- 
genic topics  commented  on  or  listed  in  the 
Eugenics  Review  to  be  convinced  of  the  tre- 
mendous popular  literature  that  is  accumulat- 
ing. On  the  other  hand  one  needs  but  to  scan 
a  few  of  the  numerous  strictly  scientific  jour- 
nals in  the  field  of  biology  to  realize  what  a  vast 
amount' of  accurate  research  is  going  on  within 
the  general  field  of  heredity.  To  be  convinced 
that  much  valuable  work  in  the  specialized  in- 
vestigation of  strictly  eugenic  problems  is  being 
done  one  need  but  turn  to  publications  embody- 
ing from  time  to  time  the  results  reached  at  the 
biomctric  and  eugenic  laboratories  in  England 
and,  in  America,  the  bulletin  of  the  Eugenics 
Record  Office.  The  work  of  this  American  of- 
fice according  to  its  own  prospectus  is:  (1)  To 
serve  eugenical  interests  in  the  capacity  of  re- 
pository and  clearing  house.  (2)  To  build  tip 
an  analytical  index  of  the  traits  of  American 
families.  (3)  To  train  field  workers  to  gather 
data  of  eugenical  import.  (4)  To  maintain  a 
field  force  actually  engaged  in  gathering  such 
data.  (5)  To  co-operate  with  other  institutions 
and  with  persons  concerned  with  eugenical 
study.  (6)  To  investigate  the  manner  of  in- 
heritance of  specific  human  traits.  (7)  To  ad- 
vise concerning  the  eugenical  fitness  of  pro- 
posed marriages.  (8)  To  publish  results  of 
researches.  To  such  persons  as  will  undertake 
to  fill  them  out  it  furnishes  free  in  duplicate 
(one  copy  to  be  retained  by  the  applicant)  the 
following  blank  schedules:  (1)  Record  of 
Family  Traits;  (2)  Index  to  Germ-plasm  — a 
Parallel  Familv  Record  of  Prospective  Marriage 
Mates;  (3)  Musical  Talent;  (4)  Mathematical 
Talent;  (5)  Tuberculosis;  (6)  Special  Trait 
Chart;  (7)  Hare-lip  and  Cleft-palate. 

The  foregoing  is  sufficient  evidence  that  the 
modern  eugenic  movement  is  very  much  alive. 
To  what  extent  it  will  suffer  from  the  present 
war  is  difficult  to  predict.  Undoubtedly  it  will 
lose  the  services  of  many  brilliant  minds  that, 
had  peace  continued,  would  have  made  notable 
contributions  to  the  subject.    It  will  thus,  with 


J 


EUGENIE  —  EUGENIE  GRANDET 


all  the  other  sciences,  feel  the  "disgenic*  effect 
of  war.  On  the  other  hand  the  various  psycho- 
logical investigations  now  being  attempted  on 
a  very  large  scale  with  army  men  as  subjects 
may  throw  such  light  on  various  phases  of  the 
eugenic  problem  that  the  science  will  advance 
even  more  rapidly  than  it  has  in  the  past.  Fur- 
thermore the  war  may  itself  produce  such  po- 
tent demonstrations  of  various  contentions  now 
merely  debated  that  the  net  result  for  the  sci- 
ence, if  not  for  the  race,  will  be  advantageous. 
Consult  Biology;  Heredity;  Mental  Tests; 
Sterilization. 
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New  York  1907)  ;  Kellicott,  VV.  E,  'The  Social 
Direction  of  Human  Evolution*  (New  York 
1911);  'Eugenics  Laboratory  Memoirs'  (Lon- 
don 1901-  );  'Record  Office  Memoirs'  (Cold 
Spring  Harbor,  N.  Y.,  1912-  ). 

Journals:  Biometrikia  (London  1902-  ); 
The  Eugenics  Review  (published  by  Eugenics 
Education  Society,  London  1909-  ) ;  Archiv 
fur  Rassen —  und  Gesellschafts  Biologie 
(Berlin  1904-  );  The  Journal  of  Heredity 
(Washington,  D.  C,  1910). 

Alvan  A  Tenney, 
Assistant  Professor  of  Sociology,  Columbia 
University. 

EUGENIE,  e-zha-ne  (Eugenie  Marie  de 
Montijo  de  Guzman  y  de  Porto-Carrkko),  ex- 
empress  of  the  French:  b.  Granada,  Spain,  5 
May  1826.  Her  father,  the  Count  dc  Montijo, 
was  of  a  noble  Spanish  family;  her  mother 
was  of  Scotch  extraction,  maiden  name  Kirk- 
patrick.  On  29  Jan.  1853  she  became  the  wife 
of  Napoleon  III  and  empress  of  the  French. 
On  16  March  1856,  a  son  was  born  of  the  mar- 
riage. When  the  war  broke  out  with  Germany 
she  was  appointed  regent  (27  July  1870)  dur- 
ing the  absence  of  the  emperor,  but  on  4  Sep- 
tember the  revolution  forced  her  to  flee  from 
France.  She  went  to  England,  where  she  was 
joined  by  the  prince  imperial  and  afterward  by 
the  emperor.  Camden  House,  Chiselhurst,  be- 
came the  residence  of  the  imperial  exiles.  On 
9  Jan.  1873,  the  emperor  died,  and  six  years 
later  the  prince  imperial  was  slain  while  with 
the  English  army  in  the  Zulu  war.  In  1881  the 
empress  transferred  her  residence  to  Farnbor- 


871 

ough  in  Hampshire.  She  has  published  'Some 
Recollections  from  My  Life'  (1885). 

EUGtfNIE  GRANDET,  e-zha-ne  gron-da. 
In  the  scenes  of  the  'Comedie  Humaine'  that 
resent  aspects  of  provincial  life  the  first  place 
y  universal  assent  belongs  to  'Eugenie  Gran- 
det'  (1833).  Its  heroine  is  Balzac's  finest 
female  character,  radiant  in  the  generosity  of 
her  love;  its  story  is  probably  the  most  terrible 
study  of  the  corroding  influence  of  avarice  in 
any  literature.  Its  astonishing  power  of  grad- 
ually developing  description,  exhibited  in  the 
account  of  Old  Grandet's  house,  its  strong- 
room, store-closet,  stairway,  gives  a  presiding 
personality  to  inanimate  objects  in  which  each 
detail  marks  the  inevitable  next  step  in  the 
inexorable  progress  of  the  miser's  vice  to 
monomania.  Grandet's  assumed  stammering 
hesitancy  in  bargaining  infects  the  reader  with 
the  same  impatience  that  it  was  designed  to 
produce  in  his  victims  in  negotiation.  "There 
was  in  him,'  says  Balzac,  'something  of  the 
tiger,  something  too  of  the  boa-constrictor.  He 
could  lie  in  wait,  watch  his  prey,  leap  on  it, — 
and  then,  opening  the  iaws  of  his  purse,  he 
would  swallow  a  pile  of  icus  and  settle  down 
tranquilly,  like  the  serpent  after  his  meal,  im- 
passive, cold,  methodical* 

The  story  in  brief  outline  is  this:  Felix 
Grandet,  a  cooper  of  Saumur,  has  amassed 
wealth  from  trade,  land  speculation  and  usury, 
but  with  such  shrewd  concealment  that  his 
wife  and  his  daughter  Eugenie  think  him  as 
straitened  as  he  is  penurious.  Partial  con- 
fidents of  his  business  intrigue  for  the  hand  of 
the  unsuspecting  heiress,  but  are  made  the 
dupes  and  tools  of  Felix  to  swell  his  own 
fortune.  Charles  Grandet,  a  Parisian  cousin, 
son  of  a  bankrupt  suicide,  wins  Eugenie's  sym- 
pathy and  a  love  of  which  he  proves  unworthy. 
Felix  contrives  to  save  his  brother's  name  to 
his  own  hidden  profit.  Eugenie  remains  faith- 
ful to  the  memory  of  Charles,  who  prospers  in 
India,  while  Felix,  with  unrclaxing  vigilance,  is 
ever  seizing  and  devising  new  ways  to  add 
to  his  hoard.  Eugenic  had  given  Charles  her 
little  store  of  gold  coins  on  his  departure.  Her 
father  sees  opportunity  to  increase  it  by  ex- 
change. His  discovery  of  the  gift  leads  to 
a  terrible  scene,  accentuating  the  miser's 
mania.  He  confines  Eugenie  and  ignores  her; 
avoids  his  wife,  who  falls  ill.  Should  she  die 
he  would  have  to  render  an  account  of  her  es- 
tate to  his  daughter.  It  becomes  policy  to  keep 
the  ailing  wife  alive  and  to  cajole  Eugenie  to  a 
renunciation  of  the  accounting.  The  mother 
dies,  but  Eugenie's  renunciation  even  of  the  in- 
heritance from  her  is  attained  with  a  truly  dia- 
bolical ingenuity  by  playing  on  the  poor  girl's 
emotions.  Five  years  later  Felix  dies,  clutch- 
ing at  the  gold  on  a  crucifix.  His  last  words 
to  his  daughter,  in  the  very  gasp  of  death : 
'Be  carefuf  Some  day  you  will  have  to  ren- 
der an  account  of  all*  Eugenie,  now  a  woman  of 
30  and  heiress  to  19,000,000  francs,  looks  over-sea 
for  Charles.  He  returns  with  enough  to  marry 
for  social  position  and,  ignorant  of  Eugenie's 
fortune,  writes  her  a  shameful  letter,  enclosing 
a  check  for  her  loan,  'with  interest."  He  re- 
fuses to  make  final  settlement  of  his  father's 
debts.  Eugenic  docs  it.  Charles  discovers  his 
mistake,  too  late.  Eugenie  contracts  a  marriage 
of  form  with  the  least  unworthy  of  her  old 
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suitors,  a  lawyer,  who,  thinking  to  secure  her 
fortune,  arranged  that  each  should  be  the 
other's  heir  but  was  himself  first  to  die. 

No  novel  of  Balzac's  is  better  constructed, 
none  has  more  scenes  and  descriptions  that  cling 
to  memory.  Grandet's  business  transactions 
arc  told  with  the  keenest  psychological  insight. 
The  leading  characters  are  among  the  master- 
pieces of  all  fiction ;  the  minor  personages,  es- 
pecially the  maid-servant,  Nation,  are  clearly 
defined.  There  are  many  scenes  of  great 
power;  that  of  the  miser's  death  is  incompara- 
ble. Consult  translation  by  Marriage.  E.,  in 
'Everyman's  library.' 

Benjamin  W.  Wells, 
Author  of  ( Modern  French  Literature  * 

BUGENIUS,  u-ja'ni-us,  the  name  of  four 
popes.  The  first,  Saint  Eugenius,  was  elected 
654;  d.  657.  Eugenius  II  occupied  the  Roman 
Sec  from  824  to  827.  His  election  was  contested 
bv  a  powerful  faction  in  the  city  who  favored 
Cine  inn  us  (Zinzinnus)  ;  and  Lothaire,  son  of 
Louis  le  Debonnaire,  who  shared  the  empire 
with  his  father,  came  to  Rome  to  quell  the  dis- 
turbance. On  this  occasion  the  people  and  clergy 
of  Rome  took  the  oath  of  fidelity  to  the  two 
emperors  and  promised  that  thereafter  when- 
ever a  new  pope  succeeded  he  should,  before 
his  consecration,  take  oath  in  presence  of  the 
people  and  the  emperor's  representative  to 
honor  the  emperor  as  the  protector  of  the 
Church.  The  Pope  was  the  first  to  take  this 
oath ;  its  terms  were  complied  with  at  the  two 
papal  elections  next  following,  for  example,  of 
Valcntius  who  filled  the  see  three  months  and 
of  Gregory  IV.  Eugenius  III:  b.  Pisa;  d. 
Tivoli,  7  June  1153.  H  e  was  a  Cistercian  abbot 
and  a  close  friend  of  Saint  Bernard  of  Clair- 
vaux  and  was  elected  1145.  Before  his  conse- 
cration the  populace  of  Rome,  led  by  Arnold 
of  Brescia,  effected  a  revolution  and  over- 
turned the  papal  government;  during  a  reign 
of  a  little  more  than  eight  years  Eugenius  was 
most  of  the  time  in  exile,  living  at  Vitcrbo, 
Siena  and  other  places  in  Italy  and  in  France. 
Eugenius  IV:  b.  Venice  1383;  d.  Rome,  23  Feb. 
1447.  He  was  a  Cclestine  monk,  cardinal  and 
bishop  of  Siena  when  he  was  elected  successor 
to  Martin  V  1431.  On  23  July  1431  was  opened 
the  Council  of  Basel,  convoked  by  his  predeces- 
sor; but  not  one  bishop  was  present  for  the 
opening,  only  theologians,  abbots  and  canons. 
On  12  November  the  Pope  ordered  the  council 
to  be  dissolved  and  convoked  another  council  to 
be  held  in  1433  at  Bologna;  but  the  fathers  of 
the  council  of  Basel  continued  to  hold  their  ses- 
sions; throughout  his  reign  the  Pope  was  in 
conflict  with  the  council.  From  first  to  last  the 
council  sought  primarily  and  almost  exclusively 
to  curb  the  authority  of  the  Roman  Sec,  and  in 
consequence  there  passed  between  Rome  and 
Basel  a  succession  of  bulls  ordering  the  disso- 
lution of  the  council,  annulling  its  acts,  anathe- 
matizing its  members;  and  from  the  other  side 
decrees  of  the  council  declaring  that  general 
assembly  of  the  Church  to  be  superior  in  au- 
thority to  the  Pope,  and  finally  a  decree  pro- 
claiming Eugenius  deposed  and  setting  up  as 
Pope,  Amcdco,  Duke  of  Savoy,  who  assumed 
the  style  Felix  V.  This  was  the  act  of  the 
council  in  its  35lh  session  held  8  July  1439.  At 
the  same  date  there  was  assembled  at  Florence, 
at  the  call  of  Eugenius,  a  council  attended  by 


160  Latin  and  some  20  Greek  bishops,  with  the 
Emperor  John  Palaeologus;  at  this  council  a 
reconciliation  was  effected  between  the  Eastern 
and  Western  churches ;  but  it  stood  only  till  its 
terms  and  conditions  became  known  in  the  East, 
when  it  was  repudiated  by  the  Greek  Church. 
The  cause  of  the  rival  Pope  Felix  was  at  this 
time  fatally  weakened  by  the  withdrawal  by  the 
emperor  Sigismund  of  his  support  and  by  his 
declaring  for  Eugenius. 

EUGIPPIUS,  or  EUGYPPIUS.  an  Ital- 
ian monk  of  the  5lh  century,  born  at  Carthage. 
He  studied  at  Rome  and  later  became  the  pupil 
of  Saint  Severin  at  Fariana  and  was  afterward 
abbot  of  Lucullanum,  near  Naples.  In  511  he 
wrote  'Vita  Saneti  Scverini, '  but  his  most  im- 
portant contribution  to  ecclesiastical  history  is 
a  collection  of  excerpts  from  the  works  of 
Saint  Augustine,  'Tnesaurus  August  ianeus.' 
Consult  'Corpus  Scriptorum  Ecclesiasticorum 
Latinorum'  (Vol.  IX,  Vienna  1885-86). 

EUGNATHUS,  ug-ni'thus,  a  fossil  fish,  a 
precursor  of  the  mudfish,  found  in  the  Liassic 
rocks  of  England  and  also  in  Bavaria.  It  pos- 
sessed an  elongated  body  with  ganoid  scales, 
supported  internally  by  vertical  ribs,  some  of 
which  were  joined  to  each  other.  It  had  dorsal, 
pelvic,  pectoral,  anal  and  tail  fins. 

EUGUBINE  (u'gu-bTn)  TABLES,  the 
name  given  to  seven  bronze  tables  found  in 
1444  at  the  town  of  Gubbio,  the  ancient  Iguvium 
or  Eugubium,  now  in  the  Italian  province  of 
Perugia,  bearing  inscriptions  in  a  language  de- 
cided to  be  that  of  the  ancient  Umbrians. 
They  were  purchased  by  the  town  and  are  kept 
in  its  town  hall.  These  tables  are  the  most 
important  monument  of  the  language  in  which 
they  are  written.  Four  are  inscribed  in  Urn- 
brian  characters,  two  in  Latin  and  the  remain- 
ing one  partly  in  Umbrian  and  partly  in  Latin. 
The  contents  of  the  tables  refer  to  the  ritual 
customs  of  the  ancient  Iguvinians.  Photo- 
graphic reproductions  of  the  inscriptions,  with 
French  translations,  arc  given  in  Breal,  M.  J. 
A.,  'Les  Tables  Eugubines'  (Paris  1875-78). 
An  edition  of  the  Umbrian  text  with  interlinear 
Latin  translation  was  published  by  F.  W.  New- 
man, 'The  Text  of  the  Iguvine  Inscriptions* 
(London  1864).  Consult  Aufrccht,  S.  T.,  and 
Kirchhoff.  J.  W.  H..  'Die  Umbrischen  Sprach- 
denkmalcr,  etc.'  (2  vols.,  Berlin  1849-51)  ; 
Bucheler,  F.,  'Umbrica'  (Bonn  1883);  Buck, 
C.  D.,  *A  Grammar  of  Oscan  and  Umbrian' 
(Boston  1904);  Conway,  R.  'The  Italic 
Dialects'  (2  vols..  Cambridge  1897)  ;  Huschkc, 
G.  P.  E.,  'Die  Iguvinischcn  Tafcln,  etc.'  (Leip- 
zig 1859)  ;  Lassen,  C,  'Bcitrage  zur  Dcutung  der 
Eugubinisehcn  Tafcln'  (Bonn  1833);  Lepsius, 
K.  R..  'De  Tabulis  SugubimV  (Berlin  1833); 
id.,  'Inscriptiones  Umbricae  et  Oscae,  etc' 
(Leipzig  1841);  Planta,  R.  von,  'Grammatik 
der  Oskisch-Umbrischen  Dialekte'  (2  vols., 
Strassburg  1892-97). 

EUGUVIUM.    See  Gubbio. 
EUHEMERISM,  u-he'me  mm,  or  EUE- 
MERISM.   See  Mythology. 

EUKAIRITE,  u-ka'rit,  a  rare  mineral  of 
a  shining  lead-gray  color  and  granular  struc- 
ture, consisting  chiefly  of  selenium,  copper  and 
silver  CujSe.AgiSe.  Its  name  is  derived  from 
the  Greek  word  meaning  opportune,  and  was 
given  to  it  by  Berzelius  because  found  soon 
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after  the  discovery  of  selenium.  It  occurs  in 
Smaland,  Sweden,  and  in  Chile  and  the  Argen- 
tine Republic.  Its  hardness  is  2.5  and  its  specific 
gravity  7.5.  Consult  Dana,  E.  S.,  ed.  'The 
System  of  Mineralogy  of  James  D.  Dana*  (6th 
ed.,  New  York  1914). 

EULACHON,  fns-k6n,  or  CANDLE- 
FISH.   See  Candle-fish. 

EULALIA,  u-lali-a,  Spanish  virgin  martyr: 
b.  Merida,  Estremadura;  d.  12  Feb.  303  A.a 
There  is  some  doubt  whether  there  was  only 
one  or  more  martyrs  of  this  name.  At  any 
rate  there  are  two  distinct  festivals  celebrated 
in  Spain,  one  at  Barcelona  on  12  February  and 
one  at  Merida,  10  December.  The  legends, 
hymns  and  acts  about  these  two  saints  are  very 
similar  in  many  points.  Concerning  Saint 
Eulalia  of  Merida  it  is  reported  that  when  she 
was  only  12  years  old,  the  great  persecution  of 
Diocletian  was  set  on  foot,  whereupon  the 
young  girl  left  her  maternal  home  and,  in  the 
presence  of  the  Roman  judge,  cast  down  the 
idols  he  had  set  up.  She  was  martyred  by  tor- 
ture. Aurelius  Rudentius  has  written  (about 
406)  a  hymn  about  the  martyrdom  of  Saint 
Eulalia  or  Merida,  of  which  there  arc  a  num- 
ber of  translations.  Her  relics  are  at  Oviedo, 
whereas  those  of  Saint  Eulalia  of  Barcelona 
are  preserved  in  the  Barcelona  Cathedral.  The 
latter  saint  is  the  patron  saint  of  Barcelona  and 
of  sailors.  The  oldest  French  poerrt  in  exist- 
ence is  also  devoted  to  the  description  of  the 
life  and  martyrdom  of  a  virgin  Saint  Eulalia; 
but  it  is  a  mooted  question  whether  it  refers 
to  one  of  the  two  Spanish  saints  or  to  still 
another.  This  manuscript  is  to  be  found  in 
the  library  at  Valenciennes.  Consult  Anon., 
'Annals  of  Virgin  Saints*  (London  1846)  ; 
Baring-Gould,  S.,  'The  Lives  of  the  Saints* 
(Vols  II  and  XV,  Edinburgh  1872)  ;  Moretus. 
H.,  'Lcs  Saintes  Eulalics*  (in  Revue  des 
Questions  Historiques*  Vol.  LXXXIX,  p.  85. 
Paris  1911) ;  Ruinart,  T.,  'Acta  Primorum 
Martyrum,  etc.'  (Amsterdam  1713)  ;  Suchier, 
H.t  'Obcr  Inhalt  und  Quelle  des  altcstcn 
Franzosischen  Gedichtes*  (in  Zeitschrift  fur 
Romanische  Philologie,  Vol.  X,  p.  24,  Halle 
1891). 

EULALIA,  a  popular  name  for  certain 
species-  of  tall  perennial  ornamental  grasses  of 
the  genus  Miscanthus  (family  Poacea).  They 
are  natives  of  eastern  and  southern  Asia.  The 
best-known  species  is  probably  M.  sinensis, 
which  has  developed  several  well-marked  horti- 
cultural varieties  characterized  by  green,  mottled 
or  striped  foliage  and  large  terminal  fan-like 
panicles  of  flowers,  which,  after  shedding  their 
deciduous  parts,  are  still  attractive  because  of 
their  persistent  silky  hairs,  which  give  the  pani- 
cle a  delicate,  fluffy  appearance  for  which  they 
are  valued  as  house  decorations  and  for  ever- 
lasting bouquets.  Because  of  their  beauty,  their 
perfect  hardiness  and  the  ease  with  which  they 
can  be  propagated  by  means  of  seeds  or  division 
of  the  roots,  these  plants  are  universal  favorites, 
especially  for  bedding  purposes. 

EULALIUS,  an  antipope,  elected  in  oppo- 
sition to  Boniface  I  in  418.  His  election  is  the 
first  instance  of  the  interference  of  the  tem- 
poral authorities  in  a  papal  election.  Eulalius 
was  unable  to  maintain  his  authority  against 


Boniface  and  was  forced  to  leave 
afterward   he   resigned  his   pretensions  and 
submitted. 

EULENBERG,  orien-berk,  Hermann, 
German  physican:  b.  Muhlheim-on-the- Rhine, 
1814;  d.  1902.  He  was  educated  at  the  universities 
of  Bonn  and  Berlin.  From  1860  to  1870  he  was 
government  medical  counsellor  at  Cologne  and 
in  the  latter  year  was  named  counsellor  to  the 
Ministry  of  Education,  in  which  relation  he 
remained  until  1887.  In  Coblenz  he  founded  the 
Korrespondensblatt  der  deutsehen  Gesellschaft 
fur  Psvchiatrie  und  gerichtliche  Medisin  and 
from  1870  to  1890  was  editor  of  Vierteljahrs- 
schaft  fur  gerichtliche  Medisin  und  offentliches 
Samtatsvuesen.  He  published  'Das  Medizin- 
alwesen  in  Preussen*  (1874);  Handbuch  der 
Gewerbehygiene*  (1876);  'Handbuch  des  6f- 
fentlichen  Gesundheitswcsens*  (1882);  'Schul- 
gesundheitslehre,*  with  Bach  (2d  ed.,  1896). 

EULENBERG,  Philip,  Prince  :  b.  Konigs- 
berg,  Prussia,  1847.  He  took  part  in  the  wars 
waged  by  his  country  against  Austria  and 
France  and  later  studied  law  at  the  universities 
of  Leipzig  and  Strassburg.  From  1888  to  1890 
he  was  Ambassador  at  Oldenburg,  latter  at  Stutt- 
gart and  Munich,  and  from  1894  to  1902  he 
served  as  Prussian  Ambassador  at  Vienna.  Ill 
health  compelled  his  retirement  and  in  1900  he 
was  raised  in  rank,  being  made  Furst  in  that 
year  and  having  Hertefeld  added  to  his  title. 
He  was  also  made  hereditary  member  of  the 
house  of  peers.  Maximilian  Harden  attacked 
him  bitterly  in  the  Zukunft  in  1907  and  Eulen- 
berg*s  reputation  suffered  greatly  in  conse- 
quence and  his  influence  was  diminished.  He 
wrote  'Rosenlicder*  (1886;  many  later  edi- 
tions); 'Skaldengesange*  (1892);  'Dichtungen* 
(1892);  'Erich  und  Erika  und  andere  Erza- 
lungcn  fur  Kinder*  (1893);  'Abenderzalungen, 
Marchen  und  Traume*  (1894). 

EULENBURG,  orien-boorg,  Albert,  Ger- 
man physician :  b.  Berlin,  1840.  He  received  his 
education  at  Bonn  and  Berlin,  was  made  as- 
sistant at  the  University  Hospital,  Greifswald 
in  1863  and  there  published  'Die  hypoderma- 
tische  Injection  der  Arzncimittcl,'  for  which  he 
was  awarded  a  prize  by  the  Huf eland  Society, 
Berlin.    He  was  named  professor  of  thera- 

feutics  and  director  of  the  Pharmacological 
nstitute  at  Greifswald  in  1874,  removed  to 
Berlin  in  1882  and  began  his  researches  in 
neuropathology,  in  which  he  was  soon  recog- 
nized as  the  leading  authority.  His  published 
volumes  include  * Sexuale  Neuropathie*  (1895)  ; 
M^hrbuch  der  Nervenkrankheiten*  (2d  ed., 
1878).  He  edited  the  'Real-Encyklopadie  der 
gesamten  Heilkunde*  after  1893,  and  with 
Schwabe  the  Deutsche  medixinische  Wochen- 
schrift. 

EULENBURG,  Botho,  Count,  German 
statesman:  b.  31  July  1831.  In  1867  he  was 
elected  to  the  North  German  Reichstag  as  a 
Conservative;  became  Minister  of  the  Interior 
in  1878  and  as  such  formulated  the  famous  So- 
cialist law  of  October  1878.  Differences  with 
Bismarck  led  to  his  resignation  of  this  office 
1881.  In  1892  he  succeeded  Count  Caprivi  as 
president  of  the  Prussian  ministry,  but  owing  to 
controversies  between  Eulcnburg  and  Caprivi 
over  the  bill  for  an  amendment  to  the  criminal 
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code,  the  emperor  dismissed  them  both  in  Octo- 
ber 1804.  In  1899  Eulenburg  took  his  seat  in 
the  Hcrrenhaus,  or  Prussian  House  of  Lords. 

EULENSPIEGEL,  oflen-spe-gel,  a  typical 
character  associated  in  Germany  with  all  sorts 
of  frolics  and  fooling.  The  type  originated  in 
Till  or  Tyll  Eulenspiegel,  a  German  clown  who 
lived  probably  in  the  first  half  of  the  14th  cen- 
tury, and  became  celebrated  for  the  wild  pranks 
and  escapades  that  he  practised  in  all  parts  of 
Germany,  and  in  some  of  the  neighboring  coun- 
tries. According  to  popular  account  he  was 
born  at  the  village  of  Kneitlingen,  near  Bruns- 
wick, and  died  at  Molln,  near  Liibeck  about 
1350  where  his  tombstone  with  the  design  of 
an  owl  and  a  mirror  on  it  may  still  be  seen.  The 
tricks  and  frolics  currently  attributed  to  Eulen- 
spiegel  first  appear  in  a  Low  Saxon  account 
written  in  1483;  the  earliest  edition,  in  High 
German,  was  published  at  Strassburg  in  15157a 
reprint  of  which  was  published  in  Halle  (1885). 
A  poetic  treatment  of  the  same  theme  was  pub- 
lished by  Johann  Fischart  (q.v.)  as  *Der 
Eulenspiegel  Reimensweiss'  (Frankfort  A.  M. 
1572;  reprinted  in  Kurchner,  J.,  'Deutsche  Na- 
tional-Li tt  era  tur, '  Vol.  XVIII,  pt.  2,  Stuttgart 
1892).  The  same  collection  published  a  reprint 
of  the  prose  version  in  Vol.  XXV.  The  work 
became  very  popular,  and  was  translated  into 
nearly  every  European  language.  In  English 
it  first  appeared  as  a  miracle-play,  with  the  title 
'A  Merry  Feast  of  a  Man  that  was  called 
Howleglas>  (Eulenspiegel  meaning  literally 
■owl-glass*).  An  edition  of  Murner's  collection 
was  published  by  J.  M.  Lappenberg  at  Leipzig 
in  1854,  and  by  rC.  Simrock  at  Frankfort  A.  M. 
in  1864;  English  translations  and  editions  ap- 
peared in  1860  and  1890.  In  modern  times  a 
number  of  writers  have  used  the  same  theme. 
Some  of  them  drawing  freely  on  the  old  source, 
but  all  of  them  creating  more  or  less  original 
results.  Amongst  these  may  be  mentioned^  the 
work  of  the  Dutch  novelist,  Charles  de  Coster, 
•Tyll  UlcnspicgcP  (1867,  transl.  into  German 
by  F.  v.  Oppelu-Bronikowski,  Jena  1911);  that 
of  the  German  poet,  Julius  Wolff,  'Till  Eulen- 
spiegel Redivivus,  Em  Schelmenlicd'  (1875); 
and  finally  the  musical  rendition  of  the  theme 
in  form  of  a  Rondo  by  Richard  Strauss,  'Till 
Eulcnspicgcl's  Merry  Pranks'  (1894).  Consult, 
besides  any  standard  'History  of  German  Liter- 
ature,* Brie,  F.  VV.  D.,  'Eulenspiegel  in  Eng- 
land' (in  Palestra,  Vol.  XXVIL  Berlin  1903). 

EULER,  oi-ler,  Leonard,  Swiss  mathe- 
matician: b.  Basel,  4  or  5  April  1707;  d.  Saint 
Petersburg,  7  Sept.  1783.  He  was  educated  by 
his  father,  a  minister  and  mathematician,  and 
then  studied  at  the  University  of  Basel  under 
the  famous  mathematician,  Jacob  Bernoulli, 
where  he  received  the  degree  of  Master  in  1723. 
In  his  19th  year  he  gained  the  accessit  of  the 
prize  offered  by  the  Paris  Academy  of  Sciences 
for  the  best  treatise  on  the  masting  of  vessels. 
He  went  to  Russia  in  1727  to  become  a  member 
of  the  faculty  of  the  newly  founded  Academy 
of  Sciences  of  Saint  Petersburg  and,  in  1733, 
became  its  professor  of  mathematics,  where  he 
labored  with  astonishing  industry.  He  com- 
posed more  than  half  of  the  treatises  in  this 
branch  of  science  contained  in  the  46  quarto 
volumes   published   by  the   Saint  Petersburg 


:my  1727-83;  and  at  his  death  left 


200    unpublished     dissertations,  subsequently 


printed  by  the  society.  In  1741  he  accepted  an 
invitation  from  Frederick  the  Great  to  become 
professor  of  mathematics  in  the  Berlin  Acad- 
emy, but  in  1766  returned  to  Saint  Petersburg. 
Soon  after  his  arrival  he  was  attacked  by  a 
very  serious  illness  from  which  he  finally  re- 
covered, but  only  after  he  had  lost  his  eye- 
sight. This,  however,  did  not  prevent  him  from 
continuing  his  work,  employing  a  secretary  and 
overcoming  the  difficulties  in  connection  with 
his  elaborate  computations  chiefly  by  means  of 
his  remarkable  memory.  He  finally  submitted 
to  an  operation  which,  at  first,  was  successful; 
but  in  some  way  he  suffered  a  relapse  and  lost 
his  newly  recovered  sight  again.  He  first  gave 
the  example  of  those  long  processes  in  which 
the  conditions  of  the  problem  are  first  ex- 
pressed by  algebraic  symbols,  and  then  pure 
calculation  resolves  all  the  difficulties.  He  ap- 
plied the  analytic  method  to  mechanics,  and 
enlarged  the  boundaries  of  this  science.  He 
greatly  improved  the  integral  and  differential 
calculus,  of  which  he  afterward  published  a 
complete  course,  which  surpassed  everything 
then  extant  on  this  subject.  An  extensive 
optical  treatise,  <Sur  la  Perfection  des  Verres 
object,  des  Lunettes,'  in  the  Memoires  de  Ber- 
lin (1747),  was  the  result  of  his  inquiries  into 
the  means  of  improving  spectacles.  The  share 
which  he  contributed  by  this  work  toward  the 
discovery  of  achromatic  telescopes  is  sufficient 
to  distinguish  his  name  in  this  department  also. 
He  also  employed  himself  in  metaphysical  and 
philosophical  speculations.      He  attempted  to 

frove  the  immateriality  of  the  soul,  ana  to  de- 
end  revelation  against  freethinkers.     In  his 
well-known  'Lettres  a  une  Princesse  d'Alle- 
magne,  sur  Divers  Sujets  de  Physique  et  de 
Philosophic'  (3  vols.,  Saint  Petersburg  1768— 
72),  he  attacks  the  Leibnitzian  system  of  mon- 
ads and  pre-established  harmony.    Among  his 
numerous  writings  may  be  mentioned  here  his 
'Theoria  Motuum  Planetarum  ct  Cometarum' 
(Berlin  1744)  ;  'Introductio  in  Analysin  Infini- 
torum'   (2  vols.,  Lausanne  1748),  which  has 
always  been  regarded  as  his  greatest  produc- 
tion;     'Institutiones     Calculi     Differential  is' 
(Saint  Petersburg  1755)  ;  'Institutiones  Calculi 
Integralis'  (3  vols.,  Saint  Petersburg  1768-70); 
'Introduction  to  Algebra'   (Saint  Petersburg 
1770);  his  'Dioptrica'  (3  vols.,  Saint  Peters- 
burg 1767-71);  'Opuscula  Analytica'  (2  vols., 
Saint  Petersburg  1783-85).    His  industry  was 
as  remarkable  as  his  genius.    During  his  life 
of  76  years,  of  which  about  60  were  devoted 
to  scientific  studies,  he  published  a  total  of  32 
separately  printed  books  written  in  Latin,  Ger- 
man and  French,  and  many  running  to  more 
than  one  volume;  331  treatises  in  the  publica- 
tions of  the  Saint  Petersburg  Academy,  all  in 
Latin;  14  treatises  for  the  Royal  Academy  at 
Paris,  in  French ;  128  treatises  for  the  Royal 
Academy  at  Berlin,  all  in  French ;  and  196  mis- 
cellaneous treatises  in  Latin.    For  a  detailed 
bibliography  of  his  works  consult  Hagcti,  J.  G, 
'Index  Operum  Lconardi  Euleri*  (Berlin  1896). 
For  his  life,  etc.,  consult  Fuss,  N.,  (fcloge  de 
M.  Leon.  Eulcr'  (Saint  Petersburg  1783,  Basel 
1786);  Hoppe,  E.,  'Die  Philosophic  L.  Eulcrs' 
(Gotha    1904);    Schulz-Euler,    S..  'Leonard 
Euler'    (Frankfurt  a.   M.   1907);  Rudio,  F- 
'Die  Baseler  Mathematiker  D.  Bernoulli  und 
L.  Euler'  (Basel  1884)  ;  id.,  'L.  Euler'  (Basel 
1884). 
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EUM.SUS,  a  character  in  Homer's  < Odys- 
sey,* Book  XV,  who  recognizes  Odysseus  on 
the  latter' s  return  from  his  long  absence  and 
who  materially  assisted  the  latter  in  getting  rid 
of  Penelope's  suitors.  He  was  a  swineherd  by 
occupation. 

KUMENES,  u'me-nez,  Macedonian  officer 
of  Alexander  the  Great:  b.  Cardia,  Thracian 
Chersonesus,  360;  d.  316  b.c.  He  began  his 
career  as  secretary  to  Philip,  and  after  the  tat- 
ter's death  occupied  a  similar  post  under  Alex- 
ander, who  also  placed  him  in  command  of  the 
cavalry.  After  the  death  of  Alexander  he  was 
made  governor  of  Cappadocia,  Paphlagonia,  and 
the  coast  along  the  Euxine  as  far  as  Trapezus. 
In  321  he,  with  Perdiccas,  defeated  AnUpater, 
Craterus  and  Neoptolemus,  but  in  320  he  was 
himself  routed  by  Antigonus,  and  forced  to  re- 
treat to  Nora.  Here  he  held  out  for  over  a 
year  until  his  soldiers  at  last  betrayed  him  into 
the  hands  of  Antigonus,  who  had  him  executed 
in  316  b.c.  Consult  the  lives  by  Nepos  and 
Plutarch,  also  Vezin,  '  Eumenes  von  Kardia : 
ein  Beitrag,  zur  Geschichte  der  Diadochenzcit' 
(Munster  1907). 

EUMENES  II,  king  of  Pergamum:  d. 
159  B.c.  He  was  a  son  of  Attalus  I  and  suc- 
ceeded to  the  throne  in  197  b.c  He  was  a 
faithful  ally  nf  Rome,  and  for  his  services 
against  Antiochus  was  given  the  provinces  of 
Lydia,  Mysia  and  Phrygia.  He  was  also  an 
able  civil  administrator  and  under  him  the 
kingdom  was  great  and  powerful,  also  rich  and 
prosperous,  and  having  Rome  for  an  ally  it  was 
practically  invincible  in  the  East.  Eumenes  did 
much  as  a  patron  of  art  and  science.  He 
founded  a  magnificent  library  which  in  its  day 
had  no  rival  other  than  that  of  Alexandria^ 

EUMENIDES,  u-men'I-dez.    See  FurIes. 

EUMENIUS,  Roman  educator:  b.  Augusto- 
dunum  (Autun),  in  Gallia  Lugdunensis,  260; 
d.  311  a.d.  He  l>ecame  secretary  to  Constan- 
tius  Chlorus,  whom  he  accompanied  on  his 
campaigns.  Constantius  commissioned  him  to 
restore  the  famous  schools  of  Augustodunum 
in  2%.  We  have  an  address,  'Pro  Restauran- 
dis  Scholis,>  made  there  by  him  in  297.  For 
other  addresses  attributed  to  Eumenius  consult 
Baehrens,  'Panygerici  Latini'  (Leipzig  1874) 
and  Teuffel,  'Geschichte  der  romischen  Littera- 
tur>  (Vol.  III.  («h  ed.,  ib.  1913). 

EUMOLPID.fi.  See  Eumolpus. 

EUMOLPUS,  a  mythical  personage  of  an- 
cient times,  celebrated  as  a  poet,  warrior,  hiero- 
phant  and  legislator,  according  to  the  common 
tradition  a  Thracian,  the  son  of  Poseidon  and 
Chione,  the  daughter  of  Boreas.  He  is  said  to 
have  been  driven  from  Thrace,  but  to  have 
afterward  returned  The  accounts  of  his  sub- 
sequent career  vary.  According  to  one  tradi- 
tion he  was  the  founder  of  the  Rleusinian  mys- 
teries (qv.).  in  which  he  was  instructed  by 
Demeter.  The  sacerdotal  family  of  the  Eumol- 
pides  at  Athens  claimed  to  be  descended  from 
this  Eumolpus. 

EUMYCETES,  u'mi-se'tez,  the  name  used 
to  distinguish  Ascomycctes  and  Basidiomycctes 
from  the  Phyromycetes.    See  Fungi. 

EUNAPIUS,  Greek  philosopher  of  the 
4th  century  a.d.  He  was  a  native  of  Sardis 
and  throughout  his  life  bitterly  opposed  Chris- 
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tianity.  In  366  he  set  up  a  Neoplatonist  school 
at  Sardis.  He  wrote  'Lives  of  the  Philoso- 
phers and  the  Sophists.1  This  work  was  edi- 
ted by  Boissonade  (Paris  1849).  He  also  wrote 
a  history  of  his  own  time  of  which  only  frag- 
ments have  come  down  to  us.  These  are  to  be 
found  in  Miiller.  'Fragmenta  Historicorum 
Graecorum'  (5  vols.,  Pans  1841-73). 

EUNICE,  a  Jewess  of  Lystra,  mentioned 
in  Acts  xvi,  1;  2  Tim  i,  5;  in,  15.  See  Tim- 
othy. 

EUNOMIANS,  the  extreme  faction  of  the 
Arian  sect  in  the  4th  century,  so  called  from 
the  name  of  their  leader,  Eunomius  (q.v.). 
They  asserted  the  doctrine  that  Jesus  Christ 
the  son  of  God  is  of  different  nature  (or  sub- 
stance) from  the  Father  (axty'ioc  naa'ovoiav  nai 
KarA  it&vra  •  unlike  in  substance  and  everything)  : 
thus  his  doctrine  was  that.of  Unitarianism.  The 
doctrine  of  the  Roman  Catholic  Church,  de- 
clared in  the  Council  of  Nicaea,  was  that  of 
ifuxn^rtof  consubstantiality ;  that  of  the  Semi- 
Arians  was  that  the  Son  is  of  like  or  similar 
substance,  ifiotoivior  and  hence  they  are  called 
homoeusians,  while  the  orthodox  took  the  name 
of  homousians  (both  words  usually  written 
homoiousians,  homoousians).  To  give  solemn 
expression  to  their  distinctive  tenet  the  Euno- 
mians  changed  the  baptismal  formula,  "I  baptize 
thee  in  the  name  of  the  Father*  etc.,  to  this: 
■I  baptize  thee  in  the  name  of  God,  the  Creator, 
into  the  death  of  Christ"  Consult  Newman. 
J.  H,  'Arians  of  the  Fourth  Century'  (Lon- 
don 1886). 

EUNOMIUS,  Arian  bishop:  b.  Dacora, 
Cappadocia;  d.  there  about  395.  In  the  contro- 
versy which  gave  rise  to  Arianism,  Eunomius 
was  an  ardent  disciple  of  Arius.  So  extreme 
were  his  views  that  he  and  his  followers  were 
looked  upon  as  members  of  a  party  within  the 
Arian  ranks  and  were  called  Eunomians  (q.v.). 
He  was  made  bishop  of  Cyzicus  in  360,  but  was 
deposed  the  following  year  as  a  rcsuh  of  his 
extreme  views.  He  lived  the  life  of  an  exile 
after  this,  but  finally  returned  to  his  birthplace. 
He  wrote  a  number  of  works,  three  of  which 
are  still  in  existence:  'Apologeticus,'  'De- 
fence of  the  Defence'  and  'Confession  of 
Faith.'  The  first  of  these  is  in  'Patres  Gneci' 
(J.  P.  Migne,  ed..  Vol.  XXX.  Paris  1857-66) 
and  has  been  transfated  into  English  by  Whis- 
ton,  W.,  'The  Apologetick  of  Eunomius'  (in 
'Primitive  Christianity  Revived,'  Vol.  I,  Lon- 
don 1711).  The  fragments  of  the  second  have 
been  collected  bv  Rettbcrg,  C.  H.  G.,  'Marcel- 
liana'  (pp.  124-'147,  Gottingcn  1794).  Consult 
Klose,  'Geschichte  und  Lchre  des  Eunomius' 
(Kiel  1833). 

EUNUCH,  u'nuk,  a  castrated  male,  gener- 
ally used  to  take  charge  of  the  harem.  Eunuch- 
ism is  of  prehistoric  origin  and  prevailed 
among  all  Eastern  nations  and  peoples  and 
amongst  those  of  the  West  which  had  been  sub- 
ject to  Eastern  influences.  History  refutes  the 
general  idea  that  eunuchs  are  deficient  in  cour- 
age and  intelligence.  In  Persia.  India,  China, 
and  during  the  later  days  of  the  Roman  Em- 
pire, they  frequently  occupied,  with  great  suc- 
cess, important  military  and  civil  positions.  In 
modern  times  eunuchism  is  practiced  exten- 
sively only  in  Moslem  countries  and  even  there 
it  is  gradually  losing  ground.  Of  secondary 
importance  has  been  its  practice  for  religious 
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reasons,  an  exaggerated  development  of  asceti- 
cism. In  the  Christian  Church  it  was,  perhaps, 
most  prevalent  in  the  3d  century,  though  never 
officially  countenanced. 

EUNUCHUS,  u-nuk'us,  a  comedy  of  Ter- 
ence and  one  of  the  best  of  his  works,  written 
in  161  b.c.  Modern  imitators  arc  Sedlcy  in 
'Bellamira,'  and  La  Fontaine  in  ^L'Eunuque.' 

EUOMPHALUS,  a  fossil  gastropod,  hav- 
ing a  spiral  shell  and  found  in  Silurian  and 
Triassic  rocks,  but  most  numerous  in  the  Car- 
boniferous Age. 

EUORNITHES,  u -or'ni-thez,  a  grand  divi- 
sion of  birds,  which,  according  to  some  authors, 
includes  all  living  birds  except  the  ostriches  and 
their  allies  and  flic  penguins;  and  according  to 
others  includes  all  birds,  modern  and  extinct, 
except  Archaopteryx.  In  this  sense  it  is 
equivalent  to  the  preferable  term  Neomithes 
(qv.). 

EUPALINUS  OP  MEGARA,  Greek 
architect,  who  constructed  the  great  aqueduct 
for  Polycrates  on  the  island  of  Samos.  Con- 
sult Smith,  ( Dictionary  of  Greek  and  Roman 
Antiquities,*  sub  verbo,  "Emissarium*  (3d  ed., 
London  1890). 

BUPATARIA,  or  EUPATORIA,  Russia, 
seaport,  in  the  government  of  Taurida,  on  the 
Black  Sea,  38  miles  northwest  of  Simferopol. 
Having  long  been  possessed  by  the  Tartars  of 
the  Crimea  (who  gave  it  the  name  of  Kosloff 
or  Kesloff),  it  is  more  Asiatic  than  European 
in  its  aspect.  The  salt  lake  of  Sake  is  a  bathing 
resort.  Formerly  in  possession  of  the  Turks 
it  was  annexed  by  Russia  in  1783.  It  was  here 
that  the  allied  forces  landed  at  the  commence- 
ment of  the  Crimean  War  (14-18  Sept.  1854). 
It  was  unsuccessfully  attacked  by  the  Russians 
17  Feb.  1855.   Pop.  30,432. 

EUPATORIUM,  a  genus  of  composite 
plants  including  many  (about  600)  species,  espe- 
cially characteristic  of  America,  where  several 
arc  well  known.  Among  the  most  prominent 
are  boneset  or  thoroughwort  (£.  perfoliatum), 
a  native  of  low  grounds,  distinguished  by  the 
fact  that  its  opposite  leaves  are  joined  around 
the. stem;  and  the  Joe-Pye-weed,  or  gravel- 
root  (E.  purpmeum),  whose  purplish  rosy 
flowers  become  conspicuous  in  late  summer  in 
wet  meadows,  borne  on  stems  often  12  feet 
high.  The  hemp-agrimony  is  a  well-known 
British  medicinal  herb.  The  flower-heads  in 
this  genus  arc  in  corymbs,  all  the  florets  tubu- 
lar. Several  of  these  plants  have  enjoyed  from 
time  immemorial  a  reputation  in  folk-medi- 
cine as  remedies  for  the  breaking  up  of  fevers. 
Popular  tradition  has  it  that  eupatonum  is  good 
for  broken  hones,  the  common  name  honcset 
preserving  this  notion.  It  has  no  such  action. 
By  reason  of  a  certain  amount  of  volatile  and 
fixed  oil  which  eupatorium  contains  it  makes 
a  fair  diaphoretic  mixture,  and  in  the  form  of 
"boneset  tea"  it  is  of  service  in  causing  profuse 
sweating.  This  may  be  of  service  in  the  treat- 
ment ot  congestions  in  different  parts  of  the 
body.   See  Diaphoretics. 

EUPATRIDES  ( Gr.  tincarpiAtu,  eupotridai, 
well-born),  the  aristocracy,  or  land-owning 
class  of  ancient  Athens,  distinguished  from  the 
geotniroi,  or  peasants,  and  the  demiourgoi,  or 
artisans. 


EUPEN,  orpin  (Fr.  Niaux).  Germany, 
town  in  Rhenish  Prussia,  on  the  VVenze,  near 
the  frontiers  of  Holland,  10  miles  south-south- 
west of  Aix-la-Chapelle.  Its  manufactures  are 
numerous  and  varied  Eupen  owes  its  manu- 
facturing prosperity  to  the  French  refugees, 
who  settled  here  while  the  town  formed  part 
of  the  duchy  of  Limburg,  under  Austrian  rule. 
After  the  Peace  of  Luneville,  when  this  duchy 
was  ceded  to  France,  Eupen  belonged  to  the 
department  of  Ourthe  until  the  Peace  of  Paris 
in  1814,  when  this  town,  with  other  portions  of 
Limburg,  was  ceded  to  Prussia   Pop.  14,000. 

EUPHEMISM,  a  figure  of  speech  by  which 
one  avoids  the  use  of  words  directly  expressing 
anything  improper,  disagreeable  or  painful  by 
the  employment  of  phrases  that  suggest  in  a 
more  delicate  manner  or  under  a  more  cheer- 
ful aspect  the  idea  to  be  conveyed  Thus  the 
Greeks,  in  speaking  of  the  Erinyes  or  Furies, 
came  to  call  them  the  Eumenides.  or  well-dis- 
posed, gracious  goddesses,  and  sometimes  sent- 
nai  theai,  "the  august  goddesses*  Nearly  all 
languages  have  some  euphemism  for  death,  or 
to  express  the  fact  that  one  has  died,  as  when 
we  speak  of  the  "departed."  In  the  Bible  wc 
have  the  phrases  "he  was  gathered  to  his 
fathers,*  "he  has  fallen  asleep,*  etc. ;  the 
Romans,  with  the  same  intention,  said  "he  has 
lived*  (vixit)  ;  the  Germans  say  "he  is  as- 
cended* (er  ist  hinaufgegongen) ,  or  "he  has 
been  made  immortal*  (rr  ist  verewigt  worden). 
On  the  same  principle  the  Irish  speak  of  the 
fairies  as  the  "good  people.3' 

EUPHORBIACEJE.  u-for-bl-i'se-*  (the 
Spurge  family),  a  family  of  plants,  consisting 
of  more  than  4,000  species  of  herbs,  shrubs  and 
trees  arranged  in  about  220  genera,  some  of 
which  are  well  known  for  their  ornamental  and 
economic  uses.  They  are,  with  few  exceptions, 
natives  of  warm  climates,  especially  of  tropical 
America,  and  nearly  every  species  has  an  acrid 
juice,  usually  poisonous,  but  sometimes  made 
bland  when  healed.  Among  the  members  of 
the  family  are  many  species  of  commercial  im- 
portance. Thus  the  juice  of  some  species  and 
the  roots  of  others  are  used  in  medicine,  for  in 
plants  of  this  kind  are  found  croton  oil,  castor 
oil,  etc.  A  few  of  the  Euphorbtacese  yield  fra- 
grant balsamic  products;  a  few,  although  their 
juice  is  poisonous,  yield  a  wholesome  starch  in 
considerable  abundance  (see  Manioc)  ;  a  few 
are  cultivated  and  used  as  pot-herbs,  particu- 
larly species  of  Plukcnelia  in  the  East  Indies; 
a  few  yield  wholesome  and  agreeable  sub-acid 
fruits,  as  Ciccn  disticha  and  C.  racemosa  in  the 
East  Indies ;  the  seeds  of  some  are  edible,  as 
those  of  the  candle-nut  (q.v.),  etc.;  the  oil  of 
the  seeds  is  also  in  some  cases  used  for  food, 
like  other  bland  oils,  but  more  frequently  for 
burning,  as  castor  oil,  candle-nut  oil.  the  oil  of 
Alcurites  cordata  in  Japan  and  Mauritius,  and 
the  solid  oil  of  Sapium  sebiferum,  which  is  used 
in  China  for  making  candles,  and  in  medicinal 
preparations  as  a  substitute  for  lard.  From  He- 
vea  is  derived  the  highest  grade  of  rubber  pro- 
duced in  South  America.  Others  yield  dve- 
stuffs.  The  timber  of  some  of  the  Euphorbia- 
ceae  is  valuable  — for  example,  African  teak 
Of  the  numerous  genera,  many  are  represented 
in  the  American  flora,  the  most  important  being 
Croton  Ricinus  (castor-oil .plants),  and  Euphor- 
bia or  spurge  proper.  This  genus  numbers  about 
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700  species,  most  abundant  in  the  warm  parts 
of  the  north  temperate  zone,  more  than  125  of 
them  being  found  in  America.  They  are  all 
known  as  "spurge,"  and  some  arc  poisonous. 
Some  one  species  is  found  in  almost  every 
part  of  America,  those  not  native  having  es- 
caped from  cultivation.  Some  of  the  species 
are  imposing  ornamental  plants  and  arc  much 
used  in  landscape  gardening  and  in  green- 
houses, usually  for  their  curious  forms  of 
growth,  rather  than  for  their  beauty. 

Plants  of  this  family,  although  of  widely 
differing  forms  of  growth  and  foliage,  are  char- 
acterized by  unisexual,  monoecious  or  dioecious 
flowers,  often  brilliantly  colored  and  often  in- 
conspicuous, in  the  latter  case  sometimes  sub- 
tended by  brilliantly  colored  bracts ;  the  usually 
three-lobed  fruits  split  elastically  when  ripe  and 
throw  the  seeds  to  greater  or  less  distances. 

EUPHORBIUM.  Sec  Gums. 

EUPHORBUS,  in  Greek  mythology,  one 
of  the  bravest  of  the  Trojan  heroes,  the  son 
of  Panthous.  He  was  slain  by  Menelaus  in 
the  Trojan  War. 

EUPHORION.  Greek  grammarian  and 
poet :  b.  Chalcis,  Eubcca,  276 ;  d.  about  200  b  c 
He  was  educated  at  Athens  and  in  220  was  ap- 
pointed librarian  to  Antiochus  the  Great.  He 
maintained  secret  amours  with  Nicia,  wife  of 
Alexander  of  Eubcea,  reference  to  which  fre- 
quently appears  in  the  'Greek  Anthology.'  He 
produced  several  works  on  history  and  gram- 
mar in  prose,  and  in  verse  several  elegies,  epics 
and  epigrams.  Fragments  of  his  works  appear 
in  Koch,  'Fragmcnta  Comicorum  Grxcorum' 
(Leipzig  1880),  and  Mcinkc,  'De  Euphorionis 
Chalcidensis  Vita  et  Scriptis'  (Berlin  1823). 
Consult  Christ-Schmid,  'Gcschichte  der  gricch- 
ischen  Litteratur'  (Munich  1911)  and  Ber- 
liner Klassikertcxte  (Vol.  I,  1907). 

EUPHRANOR,  Greek  sculptor  and  painter 
of  the  4th  century  B.C.  He  lived  at  Corinth. 
His  most  famous  statues  were  an  Apollo,  a 
Paris,  a  Leto,  with  Apollo  and  Artemis  in  her 
arms.  His  most  celebrated  painting  was  that 
representing  12  gods  in  the  Stoa  Basileios,  at 
Athens.  Consult  Gardner,  E.  A.,  <A  Handbook 
of  Greek  Sculpture'  (London  1911). 

EUPHRASIA,  a  genus  of  plants  of  the 
figwort  family  (Scrophulariaceet).  It  com- 
prises about  110  species,  natives  of  temperate 
and  cold  regions  of  both  hemispheres,  several 
of  them  occurring  in  North  America.  They  arc 
annual  or  perennial  low-branched  herbs,  with 
small,  blue,  yellow  or  white  flowers,  generally 
known  by  the  name  eyebright.  The  principal 
American  species  are  E.  artiea,  glandular  eye- 
bright  and  E.  americana,  hairy  eyebright,  the 
most  widely  distributed.  The  common  Eng- 
lish eyebright,  E.  officinalis,  is  not  known  in 
America.  This  is  a  very  pretty  little  plant,  the 
flowers  white  streaked  with  purple,  and  a  yel- 
low spot  on  the  lip.  It  grows  so  abundantly  in 
some  places,  as  to  give  the  ground  an  appear- 
ance of  being  covered  with  snow,  during  the 
time  of  its  flowering,  from  May  to  September. 
The  whole  plant  is  slightly  aromatic.  It  has 
been  used  with  success  in  catarrhal  inflamma- 
tions of  the  eye,  in  cough,  hoarseness,  earache 
or  headache  which  follow  after  catarrhs. 
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EUPHRATES,  u-fri'tez.  a  celebrated  river 
in  Asiatic  Turkey,  having  its  sources  in  central 
Armenia,  at  no  great  distance  from  the  shores 
of  the  Euxine,  and  its  mouth  in  the  Persian 
Gulf;  length,  including  windings,  1,716  miles. 
Il  is  formed  by  the  junction  of  two  large 
streams,  called  the  Kara-Su  and  the  Mourad- 
Chai.  These  two  head  streams  unite  near 
Kaban  Maden,  about  lat.  38°  58'  N. ;  long. 
38"  30*  E;  from  which  point  the  river  holds  in 
the  main  a  southeasterly  course,  until  it  falls 
into  the  Persian  Gulf.  At  Korna,  about  100 
miles  from  its  mouth,  it  is  joined  by  the  Tigris, 
and  the  united  streams  take  the  name  of  the 
Shatt-el-Arab.  In  point  of  current  the  Eu- 
phrates is  for  the  most  part  a  sluggish  stream, 
except  in  the  height  of  the  flooded  season.  The 
Shatt-el-Arab  has  a  depth  of  from  three  to  five 
fathoms  and  presents  banks  covered  with  vil- 
lages and  cultivation.  The  most  important 
town  on  the  Shatt-el-Arab  is  Bassora  or  Basra. 
The  melting  of  the  snow  in  the  mountains 
along  the  upper  part  of  the  river's  course 
causes  the  Euphrates  to  rise.  This  takes  place 
about  the  beginning  of  March  and  it  increases 
gradually  up  to  the  end  of  May.  The  river 
continues  high  for  30  or  40  days;  but  after- 
ward there  is  a  daily  decrease.  From  the  mid- 
dle of  September  to  the  middle  of  October  the 
river  is  at  the  lowest.  The  Euphrates  is  navi- 
gable for  a  long  distance  from  the  sea,  but  there 
ore  numerous  rapids.  Steamers  navigate  the 
Shatt-el-Arab.  Between  the  Euphrates  and  the 
Tigris  lies  the  celebrated  region  Mesopotamia. 

BUPHROSYNR,  u-fros'T-ne  (Lat.,  from 
Gr.  ¥.i'tpoah>t/  the  personification  of  joy,  from 
fffyxjv,  euphron,  joyous),  in  Greek  mythology, 
one  of  the  three  Graces  (q.v.). 

EUPHTHALMINE,  uf'thal'mTn.  an  arti- 
ficial alkaloid  the  hydrochlorate  of  which  is 
used  in  solution  in  place  of  atropine  and  homa- 
tropine  to  dilate  the  pupil  of  the  eye  for  ex- 
amination with  the  ophthalmoscope.  The  great 
advantage  it  possesses  is  that  the  effect  passes 
off  within  five  hours  and  there  is  no  danger 
of  causing  glaucoma,  whereas  atropine  causes 
dilation  for  from  24  to  40  hours  and  homatro- 
pine  for  several  days. 

EUPHUES  (u'fu-ez),  OR  THE  ANAT- 
OMY OF  WIT,  and  EUPHUES  AND  HIS 
ENGLAND,  a  book  and  its  sequel,  by  John 
Lyly,  published  respectively  in  1578  and  1580, 
when  the  author  was  a  young  courtier.  They 
constitute  the  first  and  second  part  of  a  work 
which  can  only  loosely  be  called  fiction  in  the 
modern  sense.  Perhaps  the  word  "romance" 
best  expresses  its  nature.  For  50  years  the 
work  was  fashionable  in  the  polite  circles  of 
England;  and  the  word  •euphuism"  survives  in 
the  language  to  designate  the  stilted,  far-fetched, 
ornate  style  of  writing  introduced  and  made 
popular  by  Lyly.  Although  Lyly's  style  had  in 
it  too  much  of  the  affected  to  give  it  long  life, 
he  undoubtedly  did  something  toward  making 
the  16th  century  speech  refined,  musical  and 
choice.  It  is  this  rather  than  any  attraction  of 
story  that  makes  the  <Euphues»  interesting  to 
the  modern  student  of  literature.  Sec 
Euphuism. 

EUPHUISM,  u-fu~zm.  an  affected  style  of 
speech  which  distinguished  the  conversation  and 
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writings  of  many  of  the  wits  of  the  court  of 
Queen  Elizabeth.  The  name  and  the  style  were 
derived  from  'Euphues,  or  the  Anatomy  of 
Wit'  (1579),  and  the  'Euphues  and  His  Eng- 
land' (about  1581),  of  John  Lyly.  It  is  prob- 
able that  Lyly  got  his  idea  of  these  books  from 
Ascham  who,  in  his  "Schoolmaster,*  published 
a  short  time  before,  had  said  that  Euphues  is 
"he  that  is  apt  by  goodness  of  wit,  and  appliable 
by  readiness  of  will  to  learning  having  all  other 
qualities  of  the  mind  and  parts  of  the  body  that 
must  another  day  serve  learning.*  At  any  rate 
Lyly  adopted  the  word  "Euphucs"  as  the  title 
of  his  hero,  whom  he  developed  in  the  sense 
in  which  Ascham  used  the  Greek  word  ffa  man 
well  endowed  by  nature*  Lyly  deliberately,  in 
his  writing,  appealed  to  the  audience  of  ladies 
throughout  Britain  for  whom  it  was  made  light, 
pleasant  and  couched  in  high  sounding  English, 
which  his  followers  soon  styled  "the  new  Eng- 
lish." For  over  half  a  century  'Euphues*  re- 
mained one  of  the  most  popular  of  books  and 
its  author  was  held  to  be  one  of  the  im- 
mortals. Among  his  most  noted  ardent  admir- 
ers was  Queen  Elizabeth  herself.  These  books 
which  became  the  model  of  the  wits  and  the 
gallants  of  the  time,  and  an  acquaintance  with 
which  was  regarded  as  a  test  of  courtly  breed- 
ing, were  characterized  by  smoothness  and  ver- 
bal elegance,  but  chiefly  by  fantastic  similes  and 
illustrations.  Sir  Walter  Scott  draws  the  por- 
trait of  a  cuphuist  in  the  character  of  Sir  Pier- 
cie  Shafton,  in  'The  Monastery.'  Consult  Ar- 
bcr,  'Euphues'  (I860),  a  complete  edition); 
Bond,  'Complete  Works  of  Lyly'  (1902)  ;  Laud- 
mann,  '  Der  Euphuismus'  (1881).  See  Euphues. 

EUPHYLLOPODA.    Sec  Branchiopoda. 

EUPION,  u'pi-on,  or  EUPIONE,  Reich- 
enbach's  name  for  a  fragrant  colorless  liquid 
produced  in  the  destructive  distillation  of  various 
animal  and  vegetable  substances.  It  is  highly 
volatile  and  inflammable;  it  is  insoluble  in 
water,  but  mixes  with  oils,  and  acts  as  a  solvent 
for  fats  and  resins,  It  is  not  readily  acted  on 
by  ordinary  chemical  reagents. 

EUPOLEMUS,  Jewish  historian,  who  lived 
in  the  1st  or  2d  century  b.c.  He  wrote  a  work 
with  the  title,  'Concerning  the  Kings  of  Judaea,' 
fragments  of  which  have  come  to  us  through 
Clement  Alexandrinus  and  Eusebius,  Eupole- 
mus  claimed  that  Muses  was  the  inventor  of  the 
alphabet  and  that  from  him  it  passed  to  the 
Phoenicians  and  Greeks.  For  the  fragments 
consult  Kuhlmey,  'Eupolemi  Fragmenta'  (Ber- 
lin 1840)  and  Mullcr.  'Fragmenta  Historicorum 
Gra'corum'  (Vol.  Ill,  Leipzig  1849).  Consult 
Schiircr,  'Gcschichtc  des  iudischen  Volkcs' 
(4th  ed,  Leipzig  1909)  and  Willrich,  'Juden 
mid  Griechen'  (Gottingen  1905). 

EUPOLIS,  Greek  poet:  b.  about  446;  d. 
411  b.c.  In  429  appeared  his  first  play,  written 
when  he  was  about  17.  Suidas  relates  that  he 
wrote  altogether  17  pieces  and  was  awarded  10 
prizes.  Early  in  his  literary  career  he  was  on 
intimate  terms  with  Aristophanes,  with  whom 
he  collaborated.  Later  they  became  enemies 
and  Eupolis  was  accused  of  plagiarism.  Frag- 
ments oi  his  works  arc  found  in  Meincke, 
'Fragmenta  Comicorum  Gnecorum'  (Vols.  I 
and  II,  Berlin  1839-57)  and  Koch,  'Fragmenta 
Comicorum  Atticorum'  (Leipzig  1880).  Con- 
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suit  Christ-Schmid,  'Gcschichte  der  griechischen 
Litteratur'  (6th  ed.,  Munich  1911). 

EURAQUILO.  u-rak'wi-16,  the  name  Kiven 
by  the  sailors  to  the  east-northeast  wind  which 
wrecked  the  ship  on  which  Saint  Paul  was 
traveling  to  Rome  (Acts  xxvii,  13,  14).  The 
Authorized  Version  adopted  the  incorrect 
Euroclydon  from  a  faulty  manuscript,  probably. 

EURASIANS.   See  Anglo-Indians. 

EURE,  er,  France,  a  department  in  the 
northwest  forming  part  of  Normandy;  area, 
2,331  square  miles.  The  chief  river  which  flows 
through  it  is  the  Seine,  of  which  the  Eure  and 
the  Rille  are  the  most  important  tributaries. 
Wheat  is  the  principal  crop,  and  the  mining 
and  manufacturing  industnes  are  extensive. 
Capital,  Evrcux.    Pop.  323,651. 

EURE,  a  river  of  France,  which  has  piven 
its  name  to  two  departments  —  that  of  the  Eure, 
and  that  of  the  Eurc-et-Loir.  The  river  rises 
in  the  department  of  the  Orne,  and  flows  into 
the  Seine,  near  Pont-de-l'Arche,  after  a  course 
of  124  miles,  being  navigable  for  about  half  the 
distance. 

EURE-ET-LOIR,  er-a-lwar,  France,  a  de- 
partment in  the  northwest,  forming  part  of  the 
old  provinces  of  Orleannais  and  Normandy; 
area,  2,293  square  miles.  The  department  is 
essentially  agricultural,  and  has  few  manufac- 
tures.  The  capital  is  Chartres.   Pop.  272,255 

EUREKA,  u-reTca,  a  Greek  word  meaning 
•I  have  found  it";  used  as  an  expression  ot 
triumph  at  a  discovery.    See  Ajichimfjjks 

EUREKA,  Cal,  city,  county-seat  of  Hum- 
boldt County,  on  Humboldt  Bay,  the  Eel  River 
and  the  Northwestern  Pacific  Railroad,  225  miles 
northwest  of  San  Francisco.  It  has  a  fine  har- 
bor, which  has  been  improved  by  the  United 
States  government  on  the  jetty  plan.  The  city 
is  situated  in  the  famous  redwood  region,  and 
has  large  lumber  interests.  Sequoia  Park,  a 
tract  of  40  acres  of  redwood  forest,  is  near  the 
city.  The  noteworthy  features  are  the  Carnegie 
library.  Federal  building,  county  jail,  hospital, 
city  hall  and  courthouse.  An  extensive  trade 
is  carried  on  in  redwood  lumber,  shingles,  but- 
ter, fish,  apples  and  wool,  the  exports  in  1912 
amounting  to  $10,960,000.  There  are  shingle 
mills,  tobacco  factories,  bottling  works,  sash  and 
door  factories,  marble  and  granite  works,  a  tan- 
nery, iron  foundry-,  woolen  mill,  etc.  The  United 
States  census  of  manufactures  for  1914  showed 
within  the  city  limits  57  industrial  establish- 
ments employing  928  persons;  799  being  wage 
earners  receiving  annually  a  total  of  $605,000 
in  wages.  The  capital  invested  aggregated 
$2,976,000,  and  the  year's  output  was  valued  at 
$2,480,000;  of  this,  $1,263,000  was  the  value 
added  by  manufacture.  The  government,  under 
a  charter  of  1895,  is  vested  in  a  mayor,  elected 
biennially,  and  a  municipal  council.  First  settled 
in  1850,  Eureka  became  the  county  seat  and 
was  incorporated  m  1856.  The  city  has  gas  and 
electric  lights,  high  schools,  daily  and  weekly 
newspapers,  and  five  banks.    Pop.  13,768. 

EUREKA,  111.,  city  and  county-seat  of 
Woodford  County,  on  the  Atchison,  Topeka 
and   Santa   Fc  and  the  Toledo,  Peoria  and 
Western    railroads,  20  miles  cast  of  Peoria 
Eureka  College,   under  the  auspices  of  the 
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Christian  Church,  was  established  in  1855.  The 
city  is  a  trade  centre  for  the  surrounding  agri- 
cultural community.  Eureka  was  incorporated 
as  a  town  in  1856.  The  waterworks  are  owned 
by  the  municipality.    Pop.  1,525. 

EUREKA,  Kan.,  city,  county-seat  of  Green- 
wood County,  on  Fall  River,  and  on  the 
Atchison,  Topcka  and  Santa  Fe  and  the  Mis- 
souri Pacific  railroads,  about  58  miles  north- 
east of  Wichita.  It  is  the  seat  of  the  Southern 
Kansas  Academy,  under  the  auspices  of  the 
Congregational  Church.  There  is  a  Carnegie 
library.  The  city  is  a  trade  centre  for  the 
surrounding  rich  agricultural  region.  Eureka 
has  adopted  the  commission  form  of  govern- 
ment and  owns  its  waterworks.   Pop.  2,333. 

EUREKA,  Nev.,'  town,  county-seat  of 
Eureka  County,  on  the  Southern  Pacific  Rail- 
road. It  was  once  a  productive  mining  camp, 
producing  great  quantities  of  lead,  gold  and 
silver ;  and  many  other  valuable  minerals.  The 
town  has  numerous  and  important  smelting  and 
refining  works.  Because  of  severe  fires,  de- 
stroying a  large  portion  of  the  place,  the  popula- 
tion decreased  from  5,000  in  1880  to  661  in 
1910. 

EUREKA,  Utah,  city  of  Juab  County,  90 
miles  southwest  of  Salt  Lake  City,  on  the  San 
Pedro,  Los  Angeles  and  Salt  Lake,  and  the 
Rio  Grande  Western  railroads.  It  has  copper 
smelting  works  and  quartz  mills  and  a  Carnegie 
library.  Copper  ana  silver  are  mined  in  the 
neighborhood.  Pop  3,416. 

EUREKA  COLLEGE,  coeducational  in- 
stitution in  Eureka,  111.;  founded  in  1855  under 
the  auspices  of  the  Christian  Church;  reported 
at  the  close  of  1915:  Professors  and  instruc- 
tors, 26;  students  273;  and  volumes  in  the 
library,  12,000. 

EUREKA  SPRINGS,  Ark.,  city  and  countv- 
seat  of  Carroll  County,  on  the  Jefferson  High- 
way and  the  Missouri  and  North  Arkansas 
Railroad,  175  miles  northwest  of  Little  Rock. 
It  is  a  noted  health  and  pleasure  resort  to  which 
30,000  visitors  come  annually.  The  shipping  of 
water  from  the  springs  is  the  principal  industry. 
It  has  two  banks  with  combined  resources  of 
$550,000,  taxable  property  valued  at  $1375,000, 
public  and  high  schools  and  is  the  seat  of  the 
Crescent  Cottage  for  Women.  The  chief  pub- 
lic buildings  are  the  city  hall,  United  States 
post  office  and  the  county  courthouse.  It  has 
also  several  large  hotels  catering  to  tourists. 
The  receipts  of  the  city  amount  to  about 
$18,000  annually.  The  commission  form  of  gov- 
ernment is  in  operation.   Pop.  3300. 

EURIC,  a  king  of  the  Visigoths  (q.v). 

EURINGER,  oi'rmg-er,  Sebastian,  German 
Semitic  scholar:  b.  Augsburg,  1865.  He  was 
educated  at  Munich,  Heidelberg,  Freiburg, 
Strassburg,  Tubingen  and  at  the  Ecole  Biblique 
Pratique  at  Jerusalem.  He  entered  the  min- 
istry in  1887  and  preached  for  two  years,  after 
which  he  toured  Egypt  and  Palestine.  From 
1894  to  1900  he  held  a  pastorate  near  Augsburg 
and  in  the  latter  year  was  appointed  professor 
in  the  Dillingen  Lyceum.  He  has  published 
'Der  Masorahtext  des  Kohelet*  (1890);  'Die 
Auffassung  des   Hohenliedes  bei   den  Abcs- 


sinicren'  (1900);  'Die  Chronologic  der  bibli- 
schen  Urgcschichte>  (1909);  'Die  Kunstform 
der  althebraischen  Pocsie'  (1912);  'Ein  un- 
kanonischer  Text  in  der  armcnischen  BibeP 
(1913). 

EURIPIDES,  son  of  Mncsarchus,  a  retail 
dealer  of  the  Attic  village,  Phlya:  b.  480  B.C. 
on  the  island  of  Salamis,  and,  according  to 
tradition,  on  the  day  of  the  famous  battle;  d. 
406.  His  mother's  name  was  Gito,  which  indi- 
cates aristocratic  lineage.  Under  the  influence 
of  his  father  Euripides  first  paid  attention  to 
athletics,  then  to  painting,  and  finally  to  philos- 
ophy. He  learned  much  from  Protagoras, 
from  Prodicus  and  from  Anaxagoras.  with 
whom  he  holds  that  nothing  which  exists  per- 
ishes. The  poet  entered  upon  his  real  career 
at  25.  His  first  success  was  limited,  but  he 
became  more  and  more  the  favorite  of  the 
people.  The  popularity  of  his  plays  at  the 
close  of  his  life  and  throughout  late  antiquity 
was  extraordinary.  Later  comedy  was  based 
on  his  methods.  The  Romans  had  a  strong 
predilection  for  him.  In  modern  times  the 
admiration  for  Euripides  was  unbounded  until 
Schlcgcl  set  up  a  standard  against  him.  But 
Schlegel  is  unfair:  a  poet  must  be  measured 
by  his  aims.  Nevertheless,  the  poet's  works 
failed  at  first  to  win  the  approval  of  the 
Athenians.  He  was  unsuccessful  until  he  was 
38,  and  he  won  only  five  first  prizes  in  his 
whole  life.  He  was  also  personally  unpopular, 
for  he  was  essentially  a  pessimist.  He  felt 
that  the  evil  in  life  was  not  counterpoised  by 
good.  He  loved  retirement  and  sequestration 
from  open  haunts  and  popularity:  preferred 
the  contemplative  life  of  the  student  to  the 
active  life  of  the  statesman.  He  even  acquired 
the  reputation  of  being  a  morose  cynic,  vicious 
in  his  private  life  despite  his  austere  exterior. 
His  gloomy  visage,  rendered  doubly  so  by  un- 
happy domestic  relations,  was  not  attractive  to 
the  Athenians,  who  detested  an  unsociable  dis- 

fosition.  So  he  lived  the  life  of  a  recluse,  on 
is  estate  at  Salamis,  rapt  in  secret  studies. 
His  library  was  dukedom  enough  for  him. 
Late  in  his  life  he  repaired  to  the  court  of 
Archclaus,  king  of  Macedonia.  Here  he  died 
in  406.  The  Macedonians  built  him  a  magnifi- 
cent tomb  at  Pella.  The  Athenians  erected  for 
him  a  cenotaph  in  Athens. 

Euripides  is  the  most  rhetorical  of  the  three 
tragic  poets,  because  he  is  most  affected  by  the 
spirit  of  the  new  school.  He  is  the  representa- 
tive of  the  new  Athens,  of  the  new  ideas 
which  were  crowding  out  the  simpler  beliefs  of 
the  .tschylean  and  Sophoclcan  school.  Eurip- 
ides is  nearer  ourselves.  He  marks  the 
transition  to  the  modern  world.  The  antique 
standard  cannot  be  applied  to  him.  With 
Alfred  de  Musset  he  might  have  said:  *je  nc 
puis  m'  enfuir  hors  dc  rhuraanite.*  His  heart 
is  full  of  compassion  for  the  poor.  None  is 
too  lowly  for  his  Alcestis  to  address,  as  she 
bids  farewell  to  the  household.  Euripides  was 
the  first  dramatic  poet  to  hold  aloof  from  the 
world.  But  the  motive  was  not  pure  indiffer- 
ence: he  spoke  to  a  larger  audience.  No 
tragedian  treated  a  greater  number  of  patriotic 
themes;  but  he  had  no  affection  for  the 
demagogue.  The  pomp  and  glory  of  war  had 
no  fascination  for  him.  The  suffering  of  all 
humanity  appeals  to  his  generous  heart.  In 
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the  cosmopolitanism  of  Socrates,  traces  of 
which  we  find  in  Euripides,  he  anticipates 
Goethe.  A  poetic  associate  of  the  sophists,  he 
was  naturally  not  orthodox.  He  did  not  act- 
ually deny  the  existence  of  the  gods  — that 
were  dangerous  in  Athens  and  in  the  theatre 
impossible.  Euripides  simply  puts  the  question 
to  his  audience  and  so  troubles  their  souls. 
He  shrinks  from  discussing  no  question  of 
heaven  or  earth.  Toward  the  close  of  his 
life  he  is  supposed  to  have  drawn  nearer 
to  the  religion  of  his  fathers,  but  the  only 
monument  of  this  change  is  that  remarkable 
play,  the  'Baccha\'  No  chronological  develop- 
ment in  his  religious  views  can  be  shown.  He 
was  a  skeptic  and  a  seeker  after  truth,  but  not 
a  creative  philosopher.  No  other  poet  gives 
us  a  better  conception  of  what  the  truth-seek- 
ing Athenian  knew  and  read. 

Much  has  been  written  about  the  poet's 
hatred  of  women.  But  we  have  only  to  read 
the  'Alcestis,'  or  'Iphigcnia,'  to  discover  that  he 
can  portray  the  noblest  types  of  womanhood. 
Euripides  knew  U  mal  que  beut  fatre  une 
femme,  but  no  man  understood  better  the  ca- 
pabilities of  woman's  nature.  He  is  the  first 
Greek  after  Homer  that  showed  any  approach 
to  a  just  conception  of  what  under  normal  cir- 
cumstances woman  may  and  should  be  to  so- 
ciety. True,  he  assailed  fiercely  a  certain  type 
of  woman,  but  this  docs  not  prove  that  the 
women  of  his  time  were  especially  depraved 
Often  the  condemnation  is  due  to  the  dramatic 
situation.  He  docs  satirize  the  women  of  his 
time  for  their  gossiping  disposition,  for  their 
cleverness  and  for  their  love  of  slander  with 
a  persistence  that  leaves  no  doubt  as  to  his  in- 
tentions; but,  being  a  pessimist,  his  mind  em- 
phasized the  bad  rather  than  the  good. 

The  plays  of  Euripides  are  not  so  subtle  in 
structure  as  those  of  Sophocles.  He  cared 
more  for  striking  situations  than  for  articulated 
plots,  more  for  thrilling  scenes  than  for  unity 
and  symmetry  of  the  whole.  But  he  made  a 
special  study  of  the  recognition  as  leading  to 
the  denouement.  Another  innovation  of  Eu- 
ripides was  the  introduction  of  the  prologue. 
In  the  very  beginning  he  gives  the  entire  set- 
ting of  the  piece,  relates  all  the  circumstances. 
This  mechanical  opening  has  been  criticized  as 
flat  and  jejune.  But  he  worked  on  a  different 
plan  from  Sophocles.  Like  Lessing,  he  be- 
lieved that  the  audience  should  know  more 
than  the  characters  themselves.  He  disdained 
to  excite  vulgar  curiosity  So  he  conceived 
the  prologue  as  an  integral  part  of  the  play. 
Moreover,  he  leaves  the  most  important  part 
untold;  the  audience  does  not  know  at  the 
outset  how  the  poet  proposes  to  treat  the 
myth;  hence  the  pleasure  of  surprise  is  not 
entirely  lacking.  The  audience  enjoys  also 
the  sudden  revelations  to  the  individual  char- 
acters. Furthermore,  the  Greeks  cared  more 
for  the  quiet  contemplation  of  situations  than 
wc  do.  Nevertheless,  this  practice  of  beginning 
the  play  with  a  prologue  hecam'e  a  mannerism 
and  was  justly  ridiculed  by  Aristophanes.  Eu- 
ripides' plays  have  also  a  mechanical  ending  — 
when  the  conflict  seems  insoluble,  the  dens  ex 
tnachina  intcrfers  expressly  to  solve  diffi- 
culties, to  cut  the  cords  atwain  that  seem  too 
intrinsc  to  loose.  This  is  not  high  antique 
art;    but   the   flaw-hunters   unduly  emphasize 


the  defect.  Many  of  the  plays  also  break  in 
two  in  the  middle.  This  is,  indeed,  a  fault 
Nevertheless,  the  scenes  are  interesting,  some- 
times stirring.  Often  the  thoughts  expressed 
are  not  adapted  to  the  speaker;  and  the  choral 
odes  frequently  seem  irrelevant.  The  poet's 
monodies  constitute  an  undue  proportion  of  the 
lyrical  element. 

We  have  80  titles  of  plays,  but  very  few 
fixed  dates.  There  arc  19  extant  dramas — 18 
tragedies  and  one  satyr  drama  ('Cyclops'). 
The  'Rhesus,'  regularly  printed  in  the  editions 
of  the  Euripidean  corpus,  is  certainly  not  by  Eu- 
ripides. The  earliest  extant  play  is  the 
'Alcestis'  (438) ;  the  most  famous  is  the 
'Medea'  (431);  but  probably  the  two  greatest 
tragedies  are  the  'Hippolytus'  (428)  and  the 
'Bacchas'  (407).  One  of  the  most  interesting 
is  the  'Iphigenia  in  Tauris'  (414)  and  the 
most  charming  the  'Ion'  (about  416).  The 
other  plays  with  approximate  dates  are 
'Inhigcnia  in  Aulis'  (407),  'Orestes'  (408). 
<Phccnissai>  (410),  'Hclen>  (412).  'Electra> 
(413).  'Troadcs'  (415),  'Andromache'  (417). 
'Heracles>  (418).  <Supplices>  (420),  'Hecuba' 
(424),    'Heraclidae'    (430).     See  Alcestis; 

Joseph  E.  Harry, 
Author  of  'The  Greek  Tragic  Poets  * 

EURIPUS,  fi-ri*pus,  in  ancient  geography, 
the  strait  between  the  island  of  Eubcea  and 
the  mainland,  Boeotia  in  Greece.  At  Chalcis,  the 
width  at  the  narrowest  part  was  120  feet.  The 
term  Euripus  is  also  sometimes  applied  to  the 
southeast  part  of  the  Eubcean  Channel. 

EUROCLYDON,  u-rok'li-don,  a  tempestu- 
ous wind  that  frequently  blows  in  the  Levant, 
and  which  was  the  occasion  of  the  disastrous 
shipwreck  of  the  vessel  in  which  Saint  Paul 
sailed,  as  narrated  in  Acts  xxvii,  14-44.  In  the 
form  in  which  the  word  is  found  in  the  re- 
vised version  it  must  be  taken  as  made  up  of 
the  two  Greek  words,  euros,  the  east  or  rather 
southeast  wind,  and  klyddn,  a  wave.  But  the 
word  used  for  it  in  the  Vulgate  is  Euro-aquilo, 
a  Latin  compound  signifying  a  northeast  wind; 
and  some  of  the  best  MSS.  have  the  reading 
Eurakyldn  instead  of  Euroclydon,  which  is  ac- 
cepted by  some  scholars  as  the  preferable  read- 
ing. Whatever  may  have  been  the  true  form  of 
the  word,  it  was  applied  to  a  northeast  or 
north-northeast,  and  not  an  east  or  southeast 
wind,  as  the  course  taken  by  the  vessel  referred 
to  indicates.  Exactly  such  a  wind  is  described 
by  sailors  of  the  present  day  as  prevalent  at 
certain  seasons  (especially  in  early  spring)  in 
the  Mediterranean.  The  name  by  which  the 
wind  is  now  known  is  Gregalia. 

EUROPA,  u-ro'pa,  in  Greek  mythology, 
the  daughter  of  Agenor  or  of  Phoenix,  kiner  of 
the  Phoenicians,  and  a  sister  of  Cadmus.  The 
fable  relates  that  she  was  abducted  by  Jupiter, 
who  assumed  the  form  of  a  bull,  and  swam 
with  his  prize  to  the  island  of  Crete.  Here 
Europa  l>orc  to  him  Minos,  Sarpedon  and 
Rhadamanthlus.  Zchus  made  her  miraculous 
presents,  Talos  (a  bronze  man),  a  dog  that 
always  kept  track  of  his  prey  and  a  spear  that 
never  missed  its  mark.  By  his  order  also  she 
became  the  wife  of  Asterius,  king  of  Crete. 
As  Hellotia.  Europa  was  worshipped  in  Crete 
in  the  capacity  of  the  goddess  of  fertility.  She 
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seems  to  have  been  originally  a  moon  deity  and 
a  patroness  of  hunting. 

EUROPA,  Rape  of.  See  Titian;  Vero- 
nese, Paul. 

EUROPE,  the  smallest  of  the  great  conti- 
nents but  the  most  important,  distinguished 
above  the  others  by  the  character  of  its  popula- 
tion, the  superior  cultivation  of  the  soil,  and  the 
flourishing  condition  of  arts,  sciences,  industry 
and  commerce. 

Topography. —  Europe  forms  a  huge  penin- 
sula projecting  from  Asia,  and  is  bounded  on 
the  north  by  the  Arctic  Ocean  on  the  west  by 
the  Atlantic  Ocean;  on  the  south  by  the  Med- 
iterranean, the  Black  Sea  and  the  Caucasus 
Range ;  on  the  east  by  the  Caspian  Sea,  the  Ural 
River  and  the  Ural  Mountains.  The  most 
northerly  point  on  the  mainland  is  Cape  Nord- 
kyn,  in  Lapland,  in  lat.  71°  6*  N.;  the  most 
southerly  points  are  Punta  da  Tarifa,  lat.  36°  N., 
and  the  Strait  of  Gibraltar,  and  Cape  Matapan, 
lat.  36°  17',  which  terminates  Greece.  The 
most  westerly  point  is  Cape  Roca  in  Portugal, 
in  long.  9°  28'  W.,  while  Ekaterinburg  is  in  long. 
60°  36  E.  From  Cape  Matapan  to  North  Cape 
is  a  direct  distance  of  2,400  miles,  from  Cape 
Saint  Vincent  to  Ekaterinburg,  northeast  by  east, 
3,400  miles ;  area  of  the  continent,  about  3300,000 
square  miles.  Great  Britain  and  Ireland,  Ice- 
land, Nova  Zembla,  Corsica,  Sardonia,  Sicily, 
Malta,  Crete,  the  Ionian  and  the  Balearic 
Islands  are  the  chief  islands  of  Europe.  The 
shores  are  very  much  indented,  giving  Europe 
an  immense  length  of  coast  line  (estimated  at 
nearly  50,000  miles).  The  chief  seas  or  arms  of 
the  sea  are  the  White  Sea  on  the  north;  the 
North  Sea,  or  the  German  Ocean,  on  the  west, 
from  which  branches  off  the  great  gulf  or  in- 
land sea  known  as  the  Baltic ;  the  English  Chan- 
nel, between  England  and  France ;  the  Mediter- 
ranean, communicating  with  the  Atlantic  by  the 
Strait  of  Gibraltar  (at  one  point  only  19  miles 
wide);  the  Adriatic  and  the  -<Egean  seas, 
branching  off  from  the  Mediterranean,  and  the 
Black  Sea,  connected  with  the  /Egean  Sea 
through  the  Hellespont,  Sea  of  Marmora  and 
Bosporus. 

The  mountains  form  several  distinct  groups 
or  systems  of  very  different  geological  dates, 
the  loftiest  mountain  masses  being  in  the  south 
central  region.  The  Scandinavian  mountains  in 
the  northwest,  to  which  the  great  northern 
peninsula  owes  its  form,  extend  above  900  miles 
from  the  Polar  Sea  to  the  southern  point  of 
Norway.  The  highest  summits  arc  about  8,000 
feet.  The  Alps,  the  highest  mountains  in  Eu- 
rope (unless  Mount  Elbruz  in  the  Caucasus  is 
claimed  as  European),  extend  from  the  Medi- 
terranean first  in  a  northerly  and  then  in  an 
easterly  direction,  and  attain  their  greatest  ele- 
vation in  Mont  Blanc  (15,781  feet),  Monte 
Rosa  and  other  summits.  Branching  off  from 
the  Alps,  though  not  geologically  connected 
with  them,  are  the  Apennines,  which  run  south- 
east, through  Italy,  constituting  the  central  ridge 
of  the  peninsula.  The  highest  summit  is  Monte 
Corno  (9,541  feet).  Mount  Vesuvius,  the  cele- 
brated volcano  in  the  south  of  the  peninsula, 
is  quite  distinct  from  the  Apennines.  By  south- 
eastern extensions  the  Alps  arc  connected  with 
the  Balkan  and  the  Despoto-Dagh  of  the  south- 
eastern peninsula  of  Europe.  Among  the  moun- 
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tains  of  southwestern  Europe  are  several  mas- 
sive chains,  the  loftiest  summits  being  in  the 
Pyrenees,  and  in  the  Sierra  Nevada  in  the  south 
of  the  Iberian  Peninsula.  The  highest  point  in 
the  former,  La  Maladetta  or  Mont  Maudit,  has 
an  elevation  of  11,165  feet;  Mulahaven,  in  the 
latter,  is  11,703  feet,  and  capped  by  per- 
petual snow.  West  and  northwest  of  the  Alps 
are  the  Cevennes,  Jura  and  Vosges;  north  and 
northeast,  the  Harz,  the  Thuringerwald  Moun- 
tains the  Fichtclgcbirge,  the  Erzgebirgc  and 
Bohmerwaldgebirge.  Farther  to  the  east  the 
Carpathian  chain  encloses  the  great  plain  of 
Hungary,  attaining  an  elevation  of  8,000  or 
8,500  feet.  The  Ural  Mountains  between  Eu- 
rope and  Asia  reach  the  height  of  5,540  feet 
Besides  Vesuvius  two  other  volcanoes  are  Etna 
in  Sicily,  and  Heda  \n  Iceland.  A  great  part 
of  northern  and  eastern  Europe  is  level.  The 
•great  plain"  of  North  Europe  occupies  part  of 
France,  western  and  northern  Belgium,  Hol- 
land the  northern  provinces  of  Germany,  and 
the  greater  part  of  Russia.  A  large  portion 
of  this  plain,  extending  through  Holland  and 
North  Germany,  is  a  low  sandy  level  not  in- 
frequently protected  from  inroads  of  the  sea 
only  by  means  of  strong  dykes.  The  other 
great  plains  of  Europe  arc  the  plain  of  Lom- 
bardy  (the  most  fertile  district  in  Europe) 
and  the  plain  of  Hungary.  Part  of  southern 
and  southeastern  Russia  consists  of  steppes. 

Rivers  and  Lakes. —  The  main  European 
watershed  runs  in  a  winding  direction  from 
southwest  to  northeast,  at  its  northeastern  ex- 
tremity being  of  very  slight  elevation.  From 
the  Alps  descend  some  of  the  largest  of  the 
European  rivers,  the  Rhine,  the  Rhone  and  the 
Po,  while  the  Danube,  a  still  greater  stream, 
rises  in  the  Black  Forest  north  of  the  Alps. 
The  Volga,  which  enters  the  Caspian  Sea,  an 
inland  sheet  without  outlet,  is  the  longest  of 
European  rivers,  having  a  direct  length  of 
nearly  1,700  miles,  including  windings  of  2,400 
miles.  Into  the  Mediterranean  flow  the  Ebro, 
the  Rhone  and  the  Po;  into  the  Black  Sea,  the 
Danube,  Dnieper  Dniester  and  Don  (through 
the  Sea  of  Azov)  ;  into  the  Atlantic,  the  Guadil- 
quivir,  the  Guadiana,  the  Tagus  and  Loire; 
into  the  English  Channel,  the  Seine;  into  the 
North  Sea,  the  Rhine,  Elbe ;  into  the  Baltic,  the 
Oder,  the  Vistula  and  the  Duna;  into  the 
Arctic  Ocean,  the  Dwina.  The  lakes  of  Europe 
may  be  divided  into  two  groups,  the  southern 
and  the  northern.  The  former  run  along  both 
sides  of  the  Alps,  and  among  them,  on  the  north 
side,  are  the  lakes  of  Geneva,  Neuchitel,  Thun, 
Lucerne,  Zurich  and  Constance;  on  the  south 
side,  Lago  Maggiore,  and  the  lakes  of  Como, 
Lugano,  Isco  and  Garda.  The  northern  lakes 
extend  across  Sweden  from  west  lo  cast,  and 
on  the  east  side  of  the  Baltic  a  number  of 
lakes,  stretching  in  the  same  direction  across 
Finland  on  the  borders  of  Russia,  mark  the 
continuation  of  the  line  of  depression.  It  is  in 
Russia  that  the  largest  European  lakes  are 
found  —  Lakes  Ladoga  and  Onega. 

Geology. —  The  geological  features  of 
Europe  are  exceedinRly  varied.  The  older 
formations  prevail  in  the  northern  part  as 
compared  with  the  southern  half  and  the 
middle  region.  North  of  the  latitude  of  Edin. 
bursh  and  Moscow  there  is  very  little  of  the 
surface  of  more  recent  origin  than  the  strata 
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of  the  upper  Jura  belonging  to  the  Mesozoic 
Period,  and  there  are  vast  tracts  occupied  either 
by  eruptive  rocks  or  one  or  other  of  the  older 
sedimentary  formations.  Denmark  and  the  por- 
tions of  Germany  adjoining  belong  to  the  Creta- 
ceous Period,  as  docs  also  a  large  part  of  Russia 
between  the  Volga  and  the  basin  of  the  Dnieper. 
Middle  and  eastern  Germany  with  Poland  and 
the  valley  of  the  Dnieper  present  on  the  sur- 
face Eocene  formations  of  the  Tertiary  Period. 
The  remainder  of  Europe  is  remarkable  for 
the  great  diversity  of  its  superficial  structure, 
rocks  and  deposits  belonging  to  all  periods  being 
found  within  it  and  having  for  the  most  part 
no  great  superficial  extent.  Europe  possesses 
abundant  stores  of  those  minerals  which  are  of 
most  importance  to  man,  such  as  coal  and  iron, 
Great  Britain  being  particularly  favored  in  this 
respect.  Coal  and  iron  are  also  obtained  in 
France,  Belgium  and  Germany.  Gold  is  found 
to  an  unimportant  extent,  and  silver  is  widely 
spread  in  small  quantities.  The  richest  silver 
ores  are  in  Norway,  Spain,  the  Erzgcbirge  and 
the  Harz  Mountains.  Spain  is  also  rich  in 
quicksilver.  Copper  ores  are  abundant  in  the 
Ural  Mountains,  Thuringia,  Cornwall  and  Spain. 
Tin  ores  are  found  in  Cornwall,  the  Erzgc- 
birge and  Brittany. 

Climate. —  Several  circumstances  concur  to 
give  Europe  a  climate  peculiarly  genial,  such  as 
its  position  almost  wholly  within  the  temperate 
zone,  and  the  great  extent  of  its  maritime 
boundaries.  Much  benefit  is  also  derived  from 
the  fact  that  its  shores  are  exposed  to  the  warm 
marine  currents  and  warm  winds  from  the 
southwest,  which  prevent  the  formation  of  ice 
on  most  of  its  northern  shores.  The  eastern 
portion  has  a  less  favorable  climate  than  the 
western.  The  extremes  of  temperature  arc 
greater,  the  summer  being  hotter  and  the  winter 
colder,  while  the  lines  of  equal  mean  temper- 
ature decline  south  as  we  go  east.  The  same 
advantages  of  mild  and  genial  temperature 
which  western  has  over  eastern  Europe,  the 
continent  collectively  has  over  the  rest  of  the 
Old  World.  The  diminution  of  mean  temper- 
ature, as  well  as  the  intensity  of  the  opposite 
seasons,  increases  as  we  go  east.  Peking,  in 
lat.  40°  N.,  has  as  severe  a  winter  as  Petrograd 
in  lat.  60°. 

Botany. —  With  respect  to  the  vegetable 
kingdom  Europe  may  be  divided  into  four  zones. 
The  first,  or  most  northern,  is  that  of  fir  and 
birch.  The  birch  reaches  almost  to  North  Cape; 
the  fir  ceases  a  degree  farther  south.  The  culti- 
vation of  grain  extends  farther  north  than 
might  be  supposed.  Barley  ripens  even  under 
the  70th  parallel  uf  north  latitude;  wheat 
ceases  at  64°  in  Norway  to  lat.  62°  in  Sweden. 
Within  this  zone  the  southern  limit  of  which  ex- 
tends from  lat.  64°  in  Norway  to  lat.  62°  Russia, 
agriculture  has  little  importance,  its  inhabitants 
being  chiefly  occupied  with  the  care  of  reindeer 
or  cattle,  and  in  fishing  The  next  zone,  which 
may  be  called  that  of  the  oak  and  beech,  and 
cereal  produce,  extends  from  the  limit  above 
mentioned  to  the  4Sth  parallel.  The  Alps, 
though  beyond  the  limit,  by  reason  of  their  ele- 
vation belong  to  this  zone,  in  the  moistcr  parts 
of  which  cattle  husbandry  has  be*n  brought  to 
perfection.  Next  we  find  the  zone  of  the  chest- 
nut and  vine,  occupying  the  space  between  the 
48th  parallel  and  the  mountain  chains  of  south- 


ern Europe.  Here  the  oak  still  flourishes,  but 
the  pine  species  become  rarer.  Rye,  which  char- 
acterizes the  preceding  zone  on  the  continent, 
gives  way  to  wheat,  and  in  the  southern  portion 
of  it  to  maize  also.  The  fourth  zone,  compre- 
hending the  southern  peninsula,  is  that  of  the 
olive  and  evergreen  woods.  The  orange,  lemon 
and  olive  flourish  in  the  southern  portion  of 
it,  and  rice  is  cultivated  in  a  few  spots  in  Italy 
and  Spain. 

Zoology. —  As  regards  animals  the  reindeer 
and  polar  bears  arc  peculiar  to  the  north.  In 
the  forests  of  Poland  and  Lithuania  the  urus, 
a  species  of  wild  ox,  is  still  occasionally  met 
with.  Bears  and  wolves  still  inhabit  the  forests 
and  mountains;  but,  in  general,  cultivation  and 
population  have  expelled  wild  animals.  The  do- 
mesticated animals  are  nearly  the  same  through- 
out. The  ass  and  mule  lose  their  size  and  beauty 
north  of  the  Pyrenees  and  Alps.  The  Mediter- 
ranean Sea  has  many  species  of  fish,  but  no 
great  fishery;  the  northern  seas,  on  the  other 
hand,  are  annually  filled  with  countless  shoals 
of  a  few  species,  chiefly  the  herring,  mackerel, 
cod  and  salmon. 

Inhabitants.—  Europe  is  occupied  by  several 
different  peoples  or  races,  in  many  parts  now 
greatly  intermingled.    The  Celts  once  possessed 
the  west  of  Europe  from  the  Alps  to  the  British 
Islands.    But    the    Celtic    nationalities  were 
broken  by  the  wave  of  Roman  conquest,  and  the 
succeeding  invasions  of  the  Germanic  tribes 
completed  their  political  ruin.    At  the  present 
day  the  Celtic  language  is  spoken  only  in  the 
Scotch  highlands  (Gaelic),  in  some  parts  of 
Ireland  (Irish),  in  Wales  (Cymric)  and  in 
Brittany   (Armorican).     Next  to  the  Celtic 
comes  the  Teutonic  race,  comprehending  the 
Germanic  and  Scandinavian  branches.  The 
former  includes  the  Germans,  the  Dutch  and 
the  English.   The  Scandinavians  are  divided 
into  Danes,  Swedes  and  Norwegians.    To  the 
east,  in  general,  of  the  Teutonic  race,  though 
sometimes  mixed  with  it,  come  the  Slavonians, 
that  is,  the  Russians,  the  Poles,  the  Czechs  or 
Bohemians,  the  Serbians,  Croatians,  etc.    In  the 
south  and  southeast  of  Europe  are  the  Greek 
and  Latin  peoples,  the  latter  comprising  the  Ital- 
ians, French,  Spanish  and  Portuguese.  All 
these  peoples  arc  regarded  as  belonging  to  the 
Indo-European  or  Aryan  stock.    To  the  Mon- 
golian stock  belong  the  Turks,  Finns,  Lapps 
and  Magyars  or  Hungarians,  all  immigrants 
into  Europe  in  comparatively  recent  times.  The 
Basques  at  the  western  extremity  of  the  Pyre- 
nees arc  a  people  whose  affinities  have  not  yet 
been    determined.     The    total    population  of 
Europe  is  about  425,000,000;  nine-tenths  speak 
the  languages  of  the  Indo-European  family,  the 
Teutonic  group  numbering  about  108,000,000, 
the   Slavonic  and   Latin  over  95,000.000  each. 
The  prevailing  religion  is  the  Christian,  em- 
bracing the  Roman  Catholic  Church,  the  various 
Protestant  bodies  and  the  Greek  Church.  A 
part  of  the  inhabitants  profess  the  Jewish,  a 
part  the  Mohammedan  religion. 

Political  Divisions.— The  states  of  Europe, 
with  their  respective  areas  and  populations,  arc 
as  shown  below. 

Area  and  Population.—  The  following  table 
shows  the  countries  with  their  government,  area 
and  population  according  to  "The  Statesman's 
Year  Book>  (1916). 
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Countries 


Andorra  

Austria-  Hungary  

Belgium  ............  . . 

Bulgaria  

France  

Germany  .   

-  in  and  Ireland  

itein. 

Monaco 

Montenegro  

Netherlands  

Norway^.  .............  

Rumania  

L'n*,Marfnor>.P**n)  '. '.  ! ! '. '. '. ! '. '. '. '. '. .  '. '. ' ', 

rxT.ua  

Mm  

s^iand:::::::::::::::::::::::::::::::::::: 

Turkey  (European)  

B«jsnia.  Herzegovina  and  Novi  Bazar,  occupied  by 
Austria-Hungary  


Government  1917 


Republic  

Empire.  

Kingdom  

Principality  

Kingdom  

Republic  

Empire  

Kingdom  

Kingdom  

Kingdom  

Principality  

Grand  Duchy  

Principality  

Kingdom  

Kingdom  

Kingdom  

Republic  

Kingdom  

Empire  

Republic   

Kingdom  

Kingdom  

Kingdom  

Republic  

Empire  

Empire  


Area  in  Eng.  Sq.  M. 


241.  m 

11.373 


43..«!s 
15.592 
207,054 
208.780 
121.391 
41.933 
110.659 
65 
998 
8 

S.60 J 
12.648 
124.130 
35.490 
53.489 
1.867.524 
38 

18.650 
194.783 
172.963 
15.976 
10.882 

19.768 


Population 


5,231 

(1910)  49.211.427 

(1910)  7,423.784 
(1914)  4.752.997 

(1911)  2.775.076 
I'll  39.601.509 

(1910)  64.925.993 

(1911)  45.370.530 
(1914)  4.821.300 

(1915)  36.120.118 

(1912)  10.716 
(1910)  259.891 

(1913)  22.956 
516.000 

(1914)  6.339.705 

(1910)  2,391.782 

(1911)  5.975.985 

(1912)  7,508.009 
(1914)  128.864.300 

11.513 
(1910)  2.911.701 
(1910)  19.995.446 
(1914)  5,679.607 

(1913)  3.877,210 
1.891 ,000 

(1912)  1.962.411 
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EUROPEAN  CITIES,  Government  of. 

See  Cities,  European,  Government  op. 

EUROPEAN  FURNITURE.  See  Furni- 
ture, Mrdi^vau 

EUROPEAN  HISTORY.  For  outline  of 
European  history  from  the  earliest  period  to  the 
present  time  see  History,  Ancient;  History, 
Medieval;  History,  Mopern.  See  also  the  arti- 
cles on  the  Centuries  —  First  Century  ;  Second 
Century,  etc.,  and  the  history  of  the  various 
nations  under  their  own  titles. 

EUROPHEN,  a  yellow  powder  containing 
27.6  per  cent  of  iodine.  Heat  and  moisture  ap- 
plied set  the  iodine  free.  Europhen  is  easily- 
soluble  in  alcohol,  ether  or  chloroform,  but  is 
insoluble  in  water.  In  action  it  is  similar  to 
iodoform,  to  which  it  is  often  preferred  be- 
cause of  its  pleasant  odor. 

EUROPIUM,  a  chemical  element  found  in 
small  quantities  in  monazite  sand.  Its  symbol 
is  Eu;  atomic  weight,  152;  it  is  known  in  the 
metallic  state. 

EUROTAS,  u-ro'tas.  or  IRI,  a  river  of 
southern  Greece  (Peloponnesus),  at  one  time 


called  the  Iris  and  Niris  in  the  upper  and  the 
Basilipotamo  (King's  River)  in  the  lower  part 
of  its  course.  It  flows  in  a  southerly  direction 
through  the  valley  between  the  ranges  of 
Taygetus  and  Parnon,  and  enters  the  Gulf  of 
Kolokytha.  Amyclae  and  Sparta  were  on  the 
Eurotas. 

EUROTIA,  a  genus  of  the  gooscfoot 
family  {Chenopodiacece) ,  which  comprises  two 
or  three  species,  one  of  which,  E.  lanata,  is 
found  in  western  North  America,  and  is  gener- 
ally known  as  white  sage.  It  is  a  many- 
branched  shrub,  from  one  to  three  feet  high, 
the  flowers  densely  covered  with  long  silky 
hairs.  It  is  also  called  winter  fat,  being  used 
by  cattle  as  a  winter  forage. 

EUROTIUM,  u-ro'shl-um.  the  common 
mold  which  appears  on  bread,  preserves,  etc., 
and  often  called  herbarium  mold.  Aspergillus 
is  the  generic  name  now  in  most  general  use. 

EURUS,  the  southeast  wind,  also  in  Greek 
mythology,  the  son  of  Astreus  and  Eos.  See 
Greek  Mythology. 

EURYALE,  u-ri'a-le\  a  genus  of  the  water 
lily  family  (Nymphtrocctp) .  It  has  but  one 
species,  F.uryale  ferox,  a  native  of  China  and 
southeastern  Asia.  The  plant  is  covered  with 
spines ;  the  flowers  are  small,  red  or  purplish, 
and  the  leaves  very  large,  sometimes  four  feet 
in  diameter.  The  seeds  are  rich  in  starch,  and 
in  the  native  countries  of  the  plant  are  an 
article  of  commerce,  being  roasted  and  eaten  or 
used  in  soups.  The  root  is  also  eaten.  The 
plant  is  hardy  and  will  grow  out  of  doors  in 
America  and  reproduce  itself  as  far  north  as 
Baltimore. 

EURYBIADES,  u'rl-bfa-dez,  admiral  of 
the  Spartan  fleet  and  commander  of  the 
united  Greek  fleets  against  the  Persians  in  480 
B.C.  With  Themistoclcs  he  shares  the  glory  of 
the  battle  of  Salamis. 

EURYCLEA,  the  nurse  of  Odysseus,  who 
recognized  the  latter  on  his  return  by  a  scar 
disclosed  while  washing  his  feet  and  reported 
the  matter  to  Penelope. 
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EURYDICE,  u-rid'i-se,  in  Greek  mythol- 
ogy, the  wife  of  Orpheus,  who  died  by  the  bite 
o?  a  serpent.  Her  husband,  inconsolable  for 
her  loss,  descended  to  the  lower  world,  and,  by 
the  charms  of  his  lyre,  moved  the  infernal  deities 
to  grant  him  permission  to  bring  her  back.  This 
they  granted,  on  condition  that  he  would  not 
look  back  upon  her  till  he  had  reached  the 
upper  world.  Forgetting  his  promise,  he  looked 
and  lost  her  forever.  This  story  has  often 
formed  a  subject  for  poets  —  as  for  Virgil  in 
the  Georgics  (book  iv),  and  for  Pope  in  his 
•Ode  on  St.  Cecilia's  Day.*  One  of  the  first 
modern  operas  was  the  'Eurydice'  (Euridice) 
of  Coccini  and  Peri.  It  was  first  produced  at 
Florence  in  1600.  The  name  Eurydice  was 
bonie  by  certain  Macedonian  princesses. 

EURYLOCHUS.   See  Circe. 

EURYMACHUS,  the  son  of  Polybus  and 
a  suitor  of  Penelope.  With  the  other  suitors  he 
was  killed  by  Odysseus. 

EURYMEDON,  Athenian  general.  He  was 
commander  of  a  fleet  at  Corcyra  in  428  B.C.. 
and  three  years  later,  with  Sophocles,  son  of 
Sostratides,  led  an  expedition  against  Sicily.  On 
arrival  there  they  made  peace  with  Hcrmocra- 
les,  which  the  Athenians  suspected  to  have  been 
brought  about  by  bribery.  Eurymedon  was 
heavily  fined,  but  in  414  was  sent  to  reinforce 
the  Athenians  at  Syracuse  and  lost  his  life 
before  reaching  Sicily. 

EURYMONE,  u-rim'6-ne,  an  infernal  deity, 
who  gnawed  the  dead  to  the  bones  and  was 
always  grinding  her  teeth.  Also  a  daughter  of 
Apollo. 

EURYNOME,  u-rin'6-me,  in  Greek  my- 
thology, the  daughter  of  Oceanus  and  mother 
of  the  Graces  and  of  Zeus,  and  the  wife  of  the 
Titan  Ophion.  the  ruler  of  Olympus.  In  her 
temple  at  Phigolia  she  was  represented  as 
half  woman  and  half  fish. 

EURYPTERUS,  u-rlp'te-riis,  a  remarkable 
fossil  arthropod  related  to  the  horseshoe  crab 
(Limulus),  many  genera  and  species  of  which 
occur  in  Palaeozoic  rocks  of  western  Europe 
and  eastern  North  America.  They  include  the 
largest  anthropods  known,  and  form  the  family 
Eurypteridtt  and  order  EuryMerida  of  the  sub- 
class Merostomala  (q.v  ).  They  resembled  the 
modern  horseshoe  crabs  in  structure,  but  had 
elongated,  often  scorpion-like  bodies,  terminat- 
ing in  a  hinged,  spike-like  or  flattened  tail  or 
telsou.  The  most  remarkable  feature,  however, 
is  the  great  size  they  attained,  some  exceeding 
six  feet  long,  so  that  they  were  well  named  by 
Haeckcl  Gigantostraca.  The  surface  was 
formed  by  a  thin  chitinous  epidermal  skeleton, 
ornamented  by  fine  scale-like  markings,  and 
bearing  upon  the  head-shield  two  large  lateral 
faceted  eyes  and  a  pair  of  median  ocelli.  Be- 
neath the  ccphalo-thorax  are  six  pairs  of  legs, 
the  foremost  prcoral,  the  basal  joints  of  which 
serve  as  jaws.  The  last  pair  is  greatly  enlarged, 
somewhat  flattened  and  terminated  by  an  oval 
plate,  which  suggests  that  these  limbs  served  as 
paddles  in  swimming,  but  they  mav  have  been 
otherwise  useful.  In  Pterygotus  and  some  allied 
genera  the  preoral  limbs  arc  modified  into  more 
or  less  antennje-likc  organs  terminating  in 
toothed  pincers  (chelar).  no  doubt  for  seizing 
prey.  etc.  The  ventral  segments  are  13,  of 
which  the  first  two  bear  the  genital  organs,  and 
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the  remainder  leaf-like  structures  regarded  as 
respiratory  and  equivalent  to  the  "bookgills"  of 
Limulus.  These  extraordinary  crustaceans  arc 
found  associated  with  graptolites,  cephalopods 
and  trilobitcs  in  the  Ordovician ;  with  marine 
Crustacea  in  the  Silurian ;  with  oceanic  fishes 
in  the  Devonian,  and  with  land  and  fresh-water 
plants  and  animals  in  the  coal  measures.  Their 
structure  shows  that  they  must  have  been 
marine  and  good  swimmers;  but  toward  the 
end  of  their  race  they  became  gradually  adapted 
to  brackish  and  even  fresh  water.  The  latest 
review  of  the  group  is  in  Eastman's  American 
edition  of  Zittell's  'Text-book  of  Palaeon- 
tology >  (1900). 

EURYSTHENES  (fl-rls'th?-nez)  AND 
PROCLES,  nro'clez,  the  twin  sons  of  Aristo- 
demus,  and  the  progenitors  of  the  two  royal 
lines  of  Sparta,  which  consisted  of  31 
sovereigns. 

EURYSTHEUS.  u-rts'thus,  the  son  of 
Sthenelus,  and  king  of  Mycenae,  who,  at  Juno's 
instigation,  ordered  Hercules  to  perform  "the 
twelve  labors.»  Hyllus,  the  son  of  Hercules, 
afterward  killed  him. 

EURYTHMICS.  See  Dalcsoze,  Emile 
Jacques. 

EUSDEN,  us'den  Laurence,  English  poet: 
b.  Spofforth,  Yorkshire,  6  Sept.  1688;  d. 
Coningsby,  Lincolnshire,  27  Sept.  1730.  He  at- 
tracted much  attention  by  his  'Original  Poems' 
(1714);  'Ode  for  the  New  Year*  (1720),  and 
other  poems.  His  appointment  as  poet  laureate 
in  1718  was  due  to  a  fulsome  poem  on  the 
marriage  of  the  Duke  of  Newcastle,  in  whose 
gift  the  office  lay,  and  was  the  occasion  of  much 
ridicule. 

EUSEBIUS  (u-seT>I-us)  OF  CJE- 
SAREA,  surnamed  Pamphili,  Church  historian: 
b.  probably  Caesarca,  Palestine,  264  ad.;  d. 
there,  about  349.  He  is  known  as  Eusebius 
Casariensis  and  Eusebius  Pamphili,  that  is, 
Pamphilus's  Eusebius  —  a  style  assumed  after 
the  martyrdom  of  his  instructor,  Saint  Pam- 
philus.  He  was  chosen  bishop  of  Carsarca  314. 
He  took  a  prominent  part  in  the  Council  of 
Nicaea  (325),  and  was  present  at  the  Synods  of 
Antioch  (330)  and  Tyre  (335).  With  the  ex- 
ception of  Origen  and  Jerome  he  was  the  most 
learned  of  the  fathers,  and  is  regarded  as  the 
father  of  ecclesiastical  history.  His  moderation 
procured  him  the  favor  of  Constantine,  who  de- 
clared him  fitted  to  be  the  bishop  of  the  whole 
world.  Though  he  never  subscribed  to  the 
views  held  by  Arius  and  the  Arians  regarding 
the  Godhead  of  Christ,  he  being  averse  to  dis- 
cussing the  nature  of  the  Trinity,  was  always 
friendly  toward  them  and  thus  incurred  censure 
as  being  at  best  a  semi-Arian.  Before  the 
rise  of  Arianism  he  wrote  a  spirited  defense  of 
the  Christian  faith  in  refutation  of  a  book  by 
one  Hieroclcs,  who  contended  that  the  noted 
impostor,  Apollonius  of  Tyana,  was  superior  to 
Jesus  Christ  in  sanctity  and  in  miraculous 
powers.  Eusebius  wrote  two  treatises  which 
have  come  down  to  our  time:  (1)  the  'Prepara- 
tion,' and  (2)  the  'Demonstration  of  the  Gos- 
pel,' usually  designated  by  their  Latin  titles, 
'Prarparatio  Evangelica,'  '  Demonstratio  F.van- 
gelica.'  The  argument  of  the  former  is  the 
groundlessness  of  idolatry,  the  impostures  of 
the  oracles,  the  monstrous  impieties  of  the 
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heathen  mythology  and  theology ;  and  the  author 
shows  that  the  doctrine  of  the  unity  of  the 
Godhead  and  the  truth  of  his  revealed  religion 
is  as  ancient  as  the  world.  In  the  'Dcmon- 
st ratio'  the  argument  is  that  the  law  and  the 
prophecies  of  the  Jewish  scriptures  clearly 
foreshow  Tesus  Christ  and  the  Gospel.  Of  his 
other  works  extant  the  chief  is  his  'History  of 
the  Church  from  the  Time  of  Its  Founder  to 
the  year  323.*  It  has  the  defect  that  in  it  no 
mention  is  made  of  the  wickedness  or  dis- 
sensions of  Christians  as  not  being  edifying  to 
the  faithful.  See  Schone,  'Die  Wcltchronik  des 
Eusebius  in  ihrcr  Bcarbcitung  durch  Hierony- 
mus>  (1900). 

EUSEBIUS  OF  EMESA,  Greek  ecclesi- 
astic: b.  Edessa;  d.  Antioch  about  360.  He 
studied  under  Eusebius  of  Caesarea,  and  at 
Alexandria  and  Antioch.  Averse  to  all  theo- 
logical controversies  he  declined  the  bishopric 
of  Alexandria  vacant  by  the  deposition  of 
Athanasius.  He  was  afterward  however,  ap- 
pointed bishop  of  Emesa,  in  Syria,  but  was 
twice  driven  away  by  his  flock,  who  accused 
him  of  sorcery  on  account  of  his  astronomical 
studies.  The  homilies  extant  under  his  name 
are  probably  spurious. 

EUSEBIUS  EMMERAN.  Sec  Daumeb, 
Georg  Friedrich. 

EUSEBIUS  OF  NICO  MEDIA,  Arian 
bishop:  d.  Constantinople  342.  He  was  ap- 
pointed bishop  of  Bcryta  (Beirut)  in  Syria  and 
afterward  of  Nicomedia.  He  appeared  as  the 
defender  of  Arius  at  the  Council  of  Nice  and 
afterward  placed  himself  at  the  head  of  the 
Arian  party.  He  baptized  the  Emperor  Con- 
stantine  in  337,  and  became  patriarch  of  Con- 
stantinople in  339. 

EUSKALDUN.  u'skal-don.    See  Basques. 

EUSKIRCHEN,  otsTcTr-ken,  Prussia,  town 
and  capital  of  a  circle  in  the  Rhine  province,  15 
miles  west  of  Bonn.  It  has  manufactories  of 
cloth,  furniture,  leather,  machinery,  flour,  meal, 
pottery,  malt  and  beer.    Pop.  12,413. 

EUSPORANGIATES,  uspo-ran'jf-l'tez, 
plants  in  which  the  sporangia  occur  beneath 
the  body  surface  and  not  on  the  surface.  The 
class  includes  all  the  seed  plants  and  most  of 
the  Pteridophytes. 

EUSTACHIAN  (u-stiTrianJ  TUBE,  in 
anatomy,  a  canal  leading  from  the  pharnyx  to 
the  tympanum  of  the  ear;  named  for  the  Italian 
anatomist,  Eustachio.    See  Ear. 

EUSTACHIO,  a-oos-taTce-6,  Bartolom- 
meo,  Italian  anatomist :  b.  San  Sevcrino,  c. 
1500;  d.  Fossombrone,  August  1574.  He 
studied  at  Rome  and  became  professor  of  medi- 
cine at  the  Studeo  dclla  sapienza  there  and 
was  also  pensioned  physician.  He  later  be- 
came physician  to  Cardinal  Peretti,  who  there- 
after became  Pope  Sixtus  V.  Although  Eus- 
tachio at  first  took  the  part  of  Galen  against 
Vesalius,  he  advanced  the  science  of  anatomy 
very  considerably  and  thoroughly  understood 
the  importance  of  comparative  and  pathological 
anatomy.  He  later  came  to  appreciate  the 
work  of  Vesalius.  The  eustachian  tube  to  the 
middle  car  and  the  eustachian  valve  of  the  frctal 
heart  perpetuate  his  name.  He  investigated 
the  structure  of  the  kidneys,  the  teeth,  the  os- 
sicles of  the  car,  the  azygous  vein,  the  ductus 


thoracicus.  the  valve  of  the  vena  cava  inferior, 
the  oranial  nerves,  the  muscles  of  the  head  and 
neck  and  the  valves  of  the  coronary  veins.  He 
published  'De  Renibus  Liber'  (Venice  1563); 
'De  Dcntibus  Liber'  (Venice  1563)  ;  'Opus- 
cula  Anatomica*  (Venice  1564) ;  'Tabulae  An- 
atomic*1 (Rouen  1714). 

(  BUSTACHIUS,  u-staTu-iis,  or  EUSTA- 
THIUS, Roman  martyr  of  the  2d  century. 
At  first  named  Placidus,  after  his  conversion 
to  Christianity  he  took  the  name  of  Eustachius. 
It  is  told  that  while  hunting  he  beheld  Christ 
between  the  antlers  of  a  deer.  He  is  regarded 
as  the  patron  of  hunters  and  suffered  martyr- 
dom under  the  Emperor  Hadrian.  In  the 
Roman  Catholic  Church  he  is  commemorated 
on  20  September. 

EUSTATHIUS,  semi-Arian  bishop  of  Se- 
bastc:  b.  about  300;  d.  380.  He  introduced 
monasticism  in  Armenia  and  the  celibate 
Eustathian  order  named  from  him  were  con- 
demned at  the  Gangra  Synod  in  340.  At  Se- 
baste  he  founded  a  hospital  for  the  poor.  His 
doctrinal  views  brought  him  into  continual  con- 
flict with  his  more  orthodox  contemporaries, 
but  his  intimacy  with  Constantine  enabled  him 
to  retain  his  see.  In  358  he  was  deposed  by 
the  Synod  of  Mclitcne.  Consult  Loofs,  'Eu- 
stathius  von  Sebaste*  (Halle  1898). 

EUSTATHIUS,  Byzantine  commentator: 
b.  probably  at  Constantinople,  early  in  the  12th 
century  ;  d.  1194.  He  became  a  member  of  a 
monastic  order,  was  made  deacon  of  Holy  Wis- 
dom (Hagia  Sophia)  and  in  1175  was  made 
archbishop  of  Thessalonica.  His  principal 
work  is  the  commentary  on  the  'Iliad*  and 
'Odyssey,'  still  a  valuable  source  of  informa- 
tion on  ancient  learning.  In  1542  the  commen- 
tary was  first  published  in  Rome;  the  latest 
edition  is  that  of  Stallbaum  (7  vols.,  Leipzig 
1825-30).  He  also  wrote  a  commentary  on 
Dionysius  the  Periegete,  valuable  for  the  frag- 
ments of  Stephanus  of  Byzantium  and  Arn- 
anus,  which  it  has  preserved  to  us.  Consult  the 
edition  of  Dionysius  by  Bcrnhardy  (Leipzig 
1828).  He  also  wrote  a  commentary  on  Pindar 
of  which  the  introduction  only  survives.  He 
also  left  a  great  number  of  historical  pam- 
phlets, tracts  and  speeches ;  these  arc  nearly  all 
found  in  Migne,  'Patrologia  Grxca'  (Vols. 
CXXXV,  CXXXVI).  Consult  Krumbachcr, 
'  Byzantinische  Litteraturgeschichte'  (Munich 
1X97)  and  Pauly-VVissowa,  'Real-Encyclo- 
padie  der  classischen  Altertumswissenschaft> 
(Vol.  VI,  Stuttgart  1909). 

EUSTATIUS,  Saint,  one  of  the  Leeward 
Islands.   See  Saint  Eustatius. 

EUSTIS,  James  Biddle,  American  diploma- 
tist:  b.  New  Orleans,  La.,  27  Aug.  1834;  d. 
Newport,  R.  I.,  9  Sept.  1899.  He  was  admitted 
to  the  bar  in  1856  and  practised  in  New  Orleans 
till  the  Civil  War  broke  out.  He  then  entered 
the  Confederate  army  and  served  as  judge-ad- 
vocate on  the  staffs  of  Gens.  Magrudcr  and 
J.  E.  Johnston  till  the  close  of  the  war.  He 
was  elected  United  States  senator  in  1876,  but 
not  given  his  seat  till  late  in  1877;  and  was 
professor  of  civil  law  in  the  University  of 
Louisiana  in  1879-84.  when  he  a^ain  served  as 
senator,  1885-91.  In  March  1893  he  was  ap- 
pointed United  States  Minister  to  France,  and 
on  the  expiration  of  his  term,  in  1897,  resumed 
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practice  in  New  York.  He  translated  into  Eng- 
lish the  'Institutes  of  Justinian,'  and  Guizot  s 
'History  of  Civilization.' 

EUSTIS,  William,  American  physician  and 
politician :  b.  Cambridge.  Mass.,  10  June  1753 ; 
d.  Boston,  6  Feb.  182a.  He  served  as  a  sur- 
geon in  the  American  army  during  the  Revolu- 
tion, and  subsequently  practised  medicine  in 
Boston.  He  was  a  member  of  Congress  1801-05 
and  1819-23;  was  Secretary  of  War  1809-13; 
and  governor  of  Massachusetts  in  1823-25. 

EUTAW,  u'ta,  Ala.,  town,  county-seat  of 
Greene  County:  on  the  Alabama  Great  South- 
ern Railroad,  about  95  miles  southwest  of  Bir- 
mingham It  was  settled  in  1838,  named  in 
honor  of  the  battle  of  Eutaw  Springs,  S.  C 
(1781),  where  the  American  forces  commanded 
by  General  Greene  gained  a  victory.  It  is  in  a 
rich  agricultural  region.  It  has  an  oil  mill,  gin- 
neries, a  lumber  mill  and  a  cotton  compress. 
Pop.  1,000. 

EUTAW  SPRINGS,  a  small  tributary  of 
the  Santee  River  in  Charleston  County,  S.  C. 
It  is  noted  for  the  battle  fought  on  its  banks 
in  1781.   Sec  Eutaw  Springs,  Battle  of. 

EUTAW  SPRINGS.  Battle  of,  8  Sept. 
1781,  in  the  Revolution.  Tactically  a  drawn 
battle,  in  results  it  was  an  important  American 
victory,  winning  the  object  of  Greene's  cam- 
paign, as  the  British  shortly  abandoned  inte- 
rior South  Carolina,  retiring  to  Charleston. 
Greene,  having  captured  %  men,  stole  on  the 
British,  some  2,500,  under  General  Stuart, 
at  Eutaw,  50  miles  northwest  of  Charleston,  and 
attacked  suddenly  at  4  a.m.  He  had  about 
2,000  men,  part  militia,  but  with  Marion  and 
Pickens  for  commanders;  while  the  regulars 
were  the  famous  Marylanders  under  Howard 
and  Hardman,  Virginians  under  Campbell, 
North  Carolinians  under  Sumner,  and  the  rem- 
nant of  the  brave  Delaware  men ;  with  William 
Washington,  R.  H.  Lee  and  Pleasant  Hender- 
son for  cavalry  leaders.  The  British  had  one 
line;  the  right  on  Eutaw  Creek,  the  left  in  the 
air.  The  Americans  had  two.  besides  the  re- 
serves; the  militia  in  front,  who  fought  des- 
perately and  fired  in  some  cases  17  rounds  be- 
fore giving  way.  Then  the  regulars  rushed 
forward  and  swept  the  British  line  off  the  field; 
but  gaining  their  camp,  stopped  to  plunder  it. 
and  though  rallied,  could  not  drive  the  British 
from  the  strong  positions  they  had  taken.  In 
assailing  a  brick  house,  Greene's  guns  were  cap- 
tured and  he  lost  many  of  his  best  men;  and 
a  charge  of  Colonel  Washington's  was  repulsed 
and  himself  taken  prisoner.  Greene  was 
obliged  to  retreat;  but  Stuart  decamped  in  the 
night.  The  American  loss  was  408  regulars 
killed  and  wounded,  militia  probablv  at  least 
150;  British,  453  killed  and  wounded."  257  miss- 
ing. 

EUTERPE,  u-ter'pe  ("the  well-pleasing"), 
one  of  the  Muses,  considered  as  presiding  over 
lyric  poetry.  The  invention  of  the  flute  is 
ascribed  to  her.  She  is  usually  represented  as 
a  virgin  crowned  with  flowers,  having  a  flute 
in  her  hand,  or  with  various  instruments  about 
her.  As  her  name  denotes,  she  is  the  inspirer 
of  pleasure.  (Sec  Muses).  In  botany,  Euterpe 
is  a  genus  of  palms  found  in  South  America 
and  the  West  Indies,  and  embracing  seven  or 
eight  species.    Some  specimens  attain  a  height 


of  nearly  100  feet.  The  wood  of  E.  oleracea 
is  used  for  flooring.  Its  fruit,  as  also  that  of 
E.  edulis,  is  edible ;  and  the  latter  species  fur- 
nishes assai  (q.v.).  Euterpe  in  astronomy  is 
an  asteroid  (No.  27),  discovered  by  Hind  in 
1853. 

EUTHANASIA,  u-tha-na'sT-a,  means,  in 
Greek,  being  happy  or  opportune  in  the  time  of 
one's  death.  The  correlative  adjective  is  ap- 
plied in  Greek  literature  to  a  man  who  died  for 
his  country,  and  it  has  been  translated  by  the 
Latin  historian  "felix  opportunitate  mortis." 
The  term  euthanasia  has  recently  been  employed 
by  some  scientific  men  in  advocating  the  reason- 
ableness of  relieving  the  sufferings  of  those 
afflicted  with  incurable  diseases  by  administer- 
ing to  them  anaesthetics  or  narcotics  in  suffi- 
cient doses  to  prove  fatal.  But  religion,  law 
and  medical  ethics  alike  condemn  all  forms  of 
self-destruction. 

EUTHERIA,  subclass  of  Mammalia,  com- 

? rising  all  mammals  except  the  monotremes. 
onsult  'Cambridge  Natural  History'  (Vol.  X, 
London  1902)  and  Gregory,  'The  Orders  of 
Mammals'  (in  Bulletin  of  the  American  Mu- 
seum of  Natural  History,  Vol.  XXVII,  New 
York  1910). 

EUTHYMIUS,  Bulgarian  prelate  and 
author  of  the  late  14th  century.  He  was  a  pupil 
of  the  patriarch,  Theodosius,  lived  for  a  time 
as  a  monk  at  Mount  Athos,  but  afterward  with- 
drew to  Tirnovo,  the  seat  of  the  Bulgarian 
patriarch.  He  here  directed  a  large  monastic 
establishment  and  revised  the  Slavic  liturgical 
books.  In  1375  he  was  chosen  patriarch.  He 
preached  against  the  Bogomiles  and  other  heret- 
ical bodies.  He  wrote  much  on  the  lives  of 
the  saints,  prominent  churchmen  and  various 
pastoral  epistles.  His  style  was  clearly  Byzan- 
tine, as  was  his  thought,  syntax,  etc.  His 
school  of  religious  literature  for  a  long  time 
held  sway  in  Bulgaria,  Russia,  Rumania  and 
Serbia. 

EUTING,  oi'tlng,  Julius,  German  Oriental 

scholar:  b.  Stuttgart,  1839;  d.  1912.  He  was 
educated  at  Tubingen.  Paris,  London  and  Ox- 
ford. He  was  made  librarian-in-chief  at  the 
Imperial  University  and  Government  Library 
at  Strassburg,  of  which  institution  he  became 
director  in  1900.  In  1909  he  retired.  He 
traveled  extensively  in  the  Orient  and  collected 
a  great  number  of  Semitic  inscriptions,  which 
he  bequeathed  to  the  University  of  Strassburg. 
He  published  'Scrhs  Phonikische  Inschriften 
aus  Idalion'  (1875);  '  Beschreibung  dcr  Stadt 
Strassburg  und  des  Ministers'  (1881;  15th  ed., 
1909);  'Nabataische  Inschriften  aus  Arabicn' 
(1885);  'Sinaitische  Inschriften'  (1891);  'Tage- 
buch  einer  Reise  in  Inner- Arabien'  (1896)  ; 
'Mandaischer  Diwan'  (1904). 

EUTROPIUS,  Roman  historian.  He  was 
secretary  to  Constantine  at  Constantinople  and 
in  363  fought  against  the  Persians.  Little  else 
is  known  of  him  beyond  the  fact  that  he  was 
still  living  in  378  a.d.  He  wrote  'Breviarium 
ab  Urbc  Condita,'  a  compendium  of  Roman 
history  down  to  the  time  of  Valens.  An  en- 
larged edition  was  later  issued  by  Paulus  Dia- 
conus,  and  at  the  time  of  the  Renaissance  the 
work  was  in  three  distinct  forms  —  the  two 
named  above  and  a  third  interpolated  copy. 
The  editio  princeps  (Rome  1471)  was  printed 
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from  the  text  of  Paulus.  Good  modern  edi- 
tions are  those  of  Droyscn  (Berlin  1879),  of 
Kuehl  (Leipzig  1887)  and  one  with  English 
notes  by  Hazzard  (New  York  1898).  Consult 
Teuffel,  'Geschichte  der  romanischen  Littera- 
tur»  (Vol.  Ill,  6th  ed.,  Leipzig  1913). 

EUTYCHES,  u'tl-kez,  heresiarch  of  the 
Eastern  Church,  who  flourished  in  the  5th 
century.  He  was  a  priest  and  archimandrite  or 
prior  of  a  monastery  in  Constantinople ;  was 
the  founder  of  the  religious  sect  called  after  him 
Eutychians,  but  also  Monophysites,  as  believing 
that  in  Jesus  Christ  was  but  one  nature,  and 
that  the  divine  nature.  The  Council  of  Ephc- 
sus  (431)  having  declared  that  in  Jesus  Christ 
were  united  the  divine  and  human  natures. 
Eutychcs  was  condemned  as  a  heretic  by  a 
synod  of  bishops  held  in  Constantinople  448, 
but  the  next  year  the  "Robber  Synod"  of  Ephe- 
sus,  controlled  by  Dioscorus,  patriarch  of  Alex- 
andria, reversed  that  judgment.  In  451  the 
General  Council  of  Chalcedon  annulled  the 
decrees  of  the  Robber  Synod,  excommunicated 
Eutychcs  and  formulated  the  Catholic  doctrine 
regarding  the  hypostatic  union  of  the  divine  and 
human  natures  in  Christ.  Eutychcs  died  in 
exile.  His  doctrine  took  fast  root  in  Syria, 
Armenia,  Mesopotamia,  Egypt  and  Ethiopia, 
and  in  those  countries  the  Monophysite  (now 
known  as  Jacobite)  churches  are  strong  to  this 
day.   See  Monophysites. 

EUTYCHIANISM,  u-tik'i-an-iz'm,  in 
Christology,  the  monophysitism  peculiar  to 
Eutyches,  an  archimandrite,  or  abbot  of  a  mon- 
astery, who  lived  near  Constantinople  during 
the  5th  century  a  d.  Monophysitism  designates 
the  creed  of  those  who  in  opposition  to  the 
Creed  of  Chalcedon  maintain  the  single-nature 
in  Christ,  or  that  the  human  and  the  divine  in 
Jesus  Christ  constitutes  but  one  composite  na- 
ture. In  Eutychianism  it  is  held  that  the  divine 
and  human  person  in  Christ  is  so  blended  as  to 
constitute  one  nature.  Eutyches  was  seduced 
by  the  vehemence  of  his  opposition  to  Nestorian- 
ism  into  an  unorthodox  view  of  the  nature  of 
csus  Christ.  Prior  to  his  time  the  Nicene 
;  7athcrs  had  pronounced  on  the  relation  of  the 
Tather  to  the  Divine  Logos  but  left  within  the 
imits  of  orthodoxy  room  for  a  difference  as  to 
the  relation  of  the  Logos  to  the  human  Christ 
The  Antiochenc  school  dreaded  lest  the  idea 
of  humanity  should  be  entirely  merged  in  that 
of  the  Logos.  Others,  leaning  toward  the 
teachings  of  Alexandria,  sought  to  avoid  any 
contaminations  of  the  Logos  by  the  associations 
of  humanity.  These  positions  on  dogma  be- 
came intermingled  with  questions  of  ecclesias- 
tical authority,  the  conflict  of  national  ideals 
and  the  lower  strife  of  personal  rivalry. 

It  is  usually  alleged  that  Eutychcs  was  the 
victim  of  his  own  zeal  in  opposition  to  Nesto- 
rius.  Nestorius,  a  harsh,  unpleasant  man,  in- 
tolerant of  doctrinal  eccentricities,  other  than 
his  own,  made  it  his  peculiar  mission  to  prevent 
mankind  from  assigning  human  attribute-;  to 
God,  and  boldly  took  the  consequences  of  his 
position. 

Now  in  time  Nestorius  came  into  collision 
with  Cyril,  a  member  of  the  Alexandrian 
school.  To  Cyril,  it  seemed  that  the  doctrine 
of  the  Incarnation  of  the  Logos  is  impugned  by 
any  hesitation  to  assign  the  attributes  of  hu- 
manity to  the  divine  Christ.   And  it  was  this 
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theological  principle  which  was  the  cause,  or  at 
least  the  pretext,  of  Cyril's  first  attack  on  Nes- 
torius. On  the  other  side,  the  Antiochene 
school,  well  represented  in  Theodore  of  Mops- 
vestia,  a  learned  man  and  a  great  commenta- 
tor, and  the  teacher  whether  directly  or  indi- 
rectly of  Nestorius. —  held  to  the  christology  of 
Theodore.  In  it  the  union  of  the  divine  and 
human  in  the  person  of  Jesus  was  moral  rather 
than  physical  or  dynamical,  and  Theodore  care- 
fully avoided  the  deduction  that  the  relation  of 
divine  and  human  was  similar  in  kind,  though 
different  in  degree,  in  Christ  and  in  his  follow- 
ers. And  the  actions  of  Christ  and  his  quali- 
ties as  man  and  particularly  his  birth,  suffer- 
ings and  death,  were  not,  in  the  christology  of 
the  Antiochene  school,  to  be  attributed  to  God 
without  a  qualifying  phrase.  This  was  the  doc- 
trine which  Nestorius  carried  to  its  logical  and 
practical  conclusion;  a  position  which  is  sum- 
marized in  his  saying:  "I  cannot  speak  of  God 
as  being  two  or  three  months  old !"  And  yet 
this  is  the  view  which  the  Alexandrians,  with 
Cyril  at  their  head,  and  Eutyches  among  its  fol- 
lowing, considered  as  virtually  implying  two 
Christs,   one   divine   and   the   other  human. 

In  the  Monophysite  controversy  Eutyches  is 
the  main  figure.  He  had  opposed  Nestorius; 
now  he  was  himself  accused  of  disseminating 
errors  of  an  opposite  kind  from  those  of  his 
opponent.  His  accuser,  Euselius  of  Dorylaum, 
induced  Flavian,  the  patriarch  of  Constantino- 
ple, to  call  Eutyches  to  account.  The  accusa- 
tions made,  the  aged  Eutyches  was  with  diffi- 
culty brought  from  the  seclusion  of  his  monas- 
tery. He  was  no  theologian ;  and  wished  to  fall 
back  on  the  decisions  of  Nicaea  and  of  Ephesus. 
But  the  accusers  pressed  him,  and  the  old  man 
replied  that  he  confessed  Christ  as  being  of 
two  natures  before  the  union  in  the  Incarnation, 
of  one  nature  afterward,  being  God  Incarnate! 
On  this  point  he  would  not  recant:  it  was  his 
peculiar  monophysitism.  How  he  appealed  to 
the  emperor,  to  Pope  Leo  and  to  the  monks 
of  Constantinople;  how  the  decision  of  the 
Patriarch  Flavian  to  excommunicate  Eutyches 
was  controverted  by  the  Council  of  Ephesus  in 
449;  and  how  in  Chalcedon,  two  years  later, 
Eutychianism  was  condemned  a  second  time, 
and  the  received  doctrine  came  into  existence; 
all  this  is  without  the  limits  of  this  article. 
In  place  of  the  Monophysite  doctrine  of  the  one 
nature,  it  was  established  at  Chalcedon  that 
Christ  was  perfect  God  and  perfect  man,  con- 
substantial  with  the  Father  as  to  his  divinity, 
and  with  man  as  to  his  humanity,  the  two  na- 
tures being  united  with  him,  without  conversion, 
without  confusion  and  without  division.  But 
if  the  Council  of  Chalcedon  had  succeeded  in 
pronouncing  Eutyches  a  heretic,  it  did  not 
stamp  out  the  influence  of  his  doctrine.  The 
sect  of  the  Eutychians  continued  quietly  to 
grow  for  a  century  after  his  death  in  the 
churches  of  Armenia,  Ethiopia  and  of  the 
Copts.  And  soon  after  his  condemnation  10 
different  sects  could  be  counted  who  shared  his 
teachings  among  themselves.  Thus  it  came 
about  that  his  heresy  got  for  itself  the  name 
"ten-horned.' 

Monophysites  still  exist  in  Egypt  and  the 
East,  under  the  title  of  Jacobites,  a  name  de- 
rived from  Jacob  Barodaeus.  From  them  the 
orthodox  are  distinguished  by  the  name  of 
Melchites,  or  Royalists,  which  title  they  have 
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owing  to  their  adherence  to  the  edicts  of  the 
Emperor  Marcian,  in  favor  of  the  Council  of 
Chalcedon,  and  their  adoption  of  the  doctrine 
it  laid  down.  (Sec  Monohhysites).  Consult 
Harnack,  'History  o£  Dogma';  and  Ottlcy, 
R.  L.,  'The  Doctrine  of  the  Incarnation.' 

EUTYCHIANUS,  u-ttk'i-a'nus,  Saint,  the 
27th  Pope  and  bishop  of  Rome.  He  reigned 
from  275  to  283.  He  is  commemorated  on  8 
December. 

EUTYCHIDES,  Greek  sculptor  of  the 
4th  century  B.C.  He  was  a  native  of  Megara 
and  a  pupil  of  Lysippus.  For  the  city  of  An- 
lioch  he  executed  a  statue  of  Fortune,  which 
made  him  famous.  Many  copies  of  it  were 
made  throughout  the  Orient  and  a  small  copy 
now  rests  m  the  Vatican  Museum.  Some 
authorities  hold  that  the  *  Victory  of  Samo- 
thrace'  is  his  work,  but  of  this  there  is  no  con- 
clusive proof. 

EUXANTHIC  (uk-san'thflc)  ACID  (C«- 
H,.Ow).  called  also  PURREIC  ACID,  an  acid 
obtained  from  purree,  or  Indian  yellow.  With 
the  alkalis  and  earths,  it  forms  soluble  yellow 
compounds. 

EUXENITE,  uk'se-nlt,  a  rare  Norwegian 
mineral,  essentially  a  niobate  and  titanatc  of 
yttrium,  erbium,  cerium  and  auranium.  It 
sometimes  contains  iron  calcium  and  germa- 
nium, while  water  is  always  present.  It  occurs 
in  orthorhombic  crystals,  but  usually  it  is  mas- 
sive. It  has  a  hardness  of  6.5,  a  specific  gravity 
of  4.7  to  5.0,  a  brilliant  metallic-vitreous  lustre, 
and  a  brownish-black  color,  showing  a  reddish- 
brown  translucence  in  thin  slivers. 

EUXINE,  uk'sln,  the  ancient  name  for  the 
Black  Sea. 

EVA,  Little,  a  beautiful  child,  who  becomes 
the  friend  and  consoler  of  Uncle  Tom  in 
Harriet  Becchcr  Stowe's  novel  'Uncle  Tom's 
Cabin.*  Her  early  death  forms  one  of  the 
climaxes  of  that  affecting  story. 

EVACUATION  HOSPITALS.  See  Hos- 
pitals, Military. 

EVADNE,  c-vad'ne,  in  Greek  fable,  the 
daughter  of  Iphis  of  Argos,  who  threw  herself 
into  the  funeral  pile  of  her  husband,  Cateneus. 

EVAGORAS,  e-vag'6-ras,  king  of  Salamis 
in  Cyprus,  flourished  about  the  beginning  of 
the  4th  century  B.C.  His  family  had  been  ex- 
pelled by  a  Phoenician  exile.  Evagoras  re- 
covered the  kingdom  in  410  B.C.,  and  endeavored 
to  restore  in  it  the  Hellenic  customs  and  civil- 
ization. He  was  friendly  with  the  Athenians, 
and  in  return  for  his  services  a  statue  was 
erected  to  him  at  Athens.  His  increasing 
power  attracted  the  jealousy  of  the  Persian 
king,  Artaxerxes  II,  who  declared  war  against 
him  and  besieged  Evagoras  in  his  capital.  He 
was  saved  only  by  the  dissensions  of  his 
enemies,  and  was  able  to  conclude  in  387  a 
peace  by  which  the  sovereignty  of  Salamis  was 
nominally  at  least  secured  to  him.  He  was 
assassinated  374  BC. 

EVAGRIUS  (e-vag'rl-us)  SCHOLAS> 
TICUS,  Syrian  Church  historian :  b.  Eni- 
phonia,  about  536;  d.  after  504.  He  wrote  the 
history  of  the  Church  in  continuation  of  the 
ecclesiastical  hisiorits  of  Euschius,  Socrates, 
Thcodorct  and  Suromen  from  431,  the  date  of 
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the  Council  of  Ephesus,  to  594.  His  surname, 
Scholasticus,  indicates  that  he  was  by  profession 
(probably  at  Antioch)  an  advocate,  for  such  at 
that  lime  was  a  usual  meaning  of  the  word: 
he  was  legal  adviser  to  Gregory,  patriarch  of 
Antioch,  who  commended  him  tor  his  fidelity 
and  learning  to  the  emperor,  Tiberius  Absi- 
marus,  and  obtained  his  promotion  to  a  judicial 
office.  In  recognition  of  his  eminent  integrity 
as  an  official  of  the  empire  his  second  marriage 
was  made  the  occasion  of  a  public  festival; 
which,  however,  had  a  disastrous  ending,  for  it 
was  interrupted  by  a  violent  earthquake,  which 
caused  the  loss  of  thousands  of  lives. 

EVALD,  a'valt  See  Ewald,  G.  H.  A. 

EVALD,  a'vald.  Herman  Frederik,  Danish 
novelist:  b.  1821;  d.  1908.  His  works  deal 
mostly  with  history  and  are  of  considerable 
merit.  They  include  'Valdemar  Krone's  Youth* 
(1860);  'The  Nordby  Family'  (1862); 
'Johannes  Falk*  (1865);  'Charles  Lyng' 
(1882);  'The  Swedes  at  Kronborg*  (1867); 
'Anna  Hardenberg'  (1880);  'Clara  Bille* 
(1892);  'Leonore  Kristine'  (1895);  'Klein 
Kirsten'  (1901);  'Bondebrudcn*  (1904). 

EVALD,  Johannes,  Danish  lyrical  poet :  b. 
Copenhagen,  1743;  d.  1781.  In  1764  appeared 
his  'Temple  of  Fortune,'  folloNvcd  two  years 
later  by  'Elegies'  on  the  death  of  Frederick  V. 
These  works  brought  him  fame,  which  was 
further  established  by  the  biblical  drama, 
'Adam  and  Eve,'  in  1769.  His  'Rolf  Krake,' 
which  appeared  in  1770,  was  the  first  original 
tragedy  in  the  Danish  language.  From  1770 
to  1780  he  wrote  tragedies,  comedies  and  farces, 
including  'The  Fishers, *  his  greatest  work,  in 
which  appeared  the  present  Danish  national 
anthem.  Evald's  health  had  been  seriously  im- 
paired through  overwork  and  the  strain  inci- 
dent to  the  production  of  'The  Fishers'  has- 
tened the  end.  His  works  were  edited  by 
Liebenberg  (8  vols.,  Copenhagen  1855).  Con- 
sult his  'Life  and  Opinions'  (Copenhagen 
1792) ;  and  the  lives  by  Hammcrich  (ib.  1882) 
and  Jorgcnsen  (ib.  1888). 

EVANDER,  in  classical  legend,  the  civ.Iizer 
of  Latium,  the  son,  according  to  one  account, 
of  Hermes  and  an  Arcadian  nymph.  About  60 
years  before  the  Trojan  War  he  established 
himself  in  Latium  and  built,  at  the  foot  of  the 
Palatine  Hill  on  the  banks  of  the  Tiber,  a  town, 
to  which  he  gave  the  name  of  Pallantium.  The 
Roman  legends  represent  him  as  teaching  the 
Latins  the  use  of  the  alphabet  and  the  arts  of 
agriculture  and  music,  softening  their  fierce 
manners  by  the  introduction  of  more  humane 
laws,  and  introducing  among  them  the  worship 
of  the  Lycaran  Pan,  Heracles,  Dcmetcr,  etc  In 
the  ,Encid  Virgil  brings  his  hero  yEneas  into 
connection  with  Evandcr,  who  gave  him  a 
favorable  reception,  and  becomes  his  ally 
against  the  Latins.  Divine  honors  were  paid  to 
Evandcr  by  the  inhabitants  of  Pallantium  in 
Arcadia. 

EVANGELICAL,  a  word  literally  signify- 
ing "pertaining  to  the  gospel*  and  used  in  dif- 
ferent senses.  In  one  of  its  senses  it  is  a  term 
used  to  qualify  certain  doctrinal  opinions,  stress 
being  laid  on  the  total  depravity  of  human 
nature,  need  of  conversion,  justification  by 
faith,  free  offer  of  the  gospel,  the  plenarv  in- 
spiration and  exclusive  authority  of  the  Bible. 
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EVANGELICAL  ALLIANCE  - 

In  this  sense  the  word,  when  applied  to  a  whole 
church,  is  in  Scotland  almost  synonymous  with 
orthodox ;  and  in  the  United  States  it  has  much 

•liberal"  and  •rationalistic*  In  England  the 
Evangelical  or  Low  Church  party  is  looked 
upon  as  extreme  in  its  views,  and  is  distin- 
guished from  the  orthodox  party,  which  holds 
the  doctrines  above  specified  in  a  more  modern 
form.  When  used  in  a  less  general  sense  some- 
thing more  is  implied  in  the  word.  It  indicates 
peculiar  attachment  to  sound  doctrine  and  pecu- 
liar fervency  in  advocating  it.  In  another  sense 
the  term  is  applied  in  Germany  to  Protestants 
as  distinguished  from  Roman  Catholics,  inas- 
much as  the  former  recognize  no  standard  of 
faith  except  the  writings  of  the  evangelists  and 
the  other  books  of  the  Bible,  and  more  espe- 
cially to  the  national  Protestant  Church,  formed 
in  Prussia  in  1817,  by  a  union  of  the  Lutheran 
and  Calvinistic  churches. 

EVANGELICAL  ALLIANCE,  a  voluntary 
association  of  members  of  the  different  sections 
of  the  Christian  Church,  organized  in  London 
19-23  Aug.  1846.  At  this  meeting  was  adopted 
a  doctrinal  basis,  which  is,  in  effect,  the  recogni- 
tion by  the  members  of  the  divine  inspiration, 
authority  and  sufficiency  of  the  Holy  Scriptures ; 
the  right  of  private  judgment  in  their  interpre- 
tation; the  unity  of  the  Godhead  and  the 
Trinity  of  persons  therein;  the  doctrine  of 
human  depravity  in  consequence  of  the  fall ;  the 
incarnation,  atonement,  intercession  and  media- 
torial reign  of  the  Son  of  God;  justification  by 
faith  alone;  the  work  of  the  Holy  Spirit  in  con- 
version and  santification ;  the  immortality  of  the 
soul,  the  resurrection  of  the  body  and  the  final 
judgment  of  the  world,  resulting  in  the  eternal 
blessedness  of  the  righteous  and  the  eternal 
punishment  of  the  wicked ;  the  divine  institution 
of  the  Christian  ministry;  and  the  obligation 
and  perpetuation  of  the  ordinances  of  baptism 
and  the  Lord's  Supper.  The  organization  thus 
commenced  has  since  been  extended  throughout 
Protestant  Christendom.  Branch  alliances  have 
been  formed  in  Great  Britain,  Germany, 
France.  Switzerland,  Sweden,  the  United  States, 
Australia,  and  among  missionaries  in  Turkey, 
India.  Brazil  and  Japan.  These  national 
branches  are  related  to  each  other  as  members 
of  a  confederation  having  equal  rights.  The 
whole  alliance  appears  in  active  operation  only 
when  it  meets  in  general  conferences  having 
the  character  of  Protestant  ecumenical  councils, 
but  claiming  only  moral  and  spiritual  power. 
The  American  branch  of  the  alliance  was  or- 
ganized in  1867.  Conferences  of  the  entire 
alliance  have  been  held  in  1851.  1855,  1857.  1861. 
1867,  1873.  1879,  1885.  1801.  18%,  1007,  that  of 
1873  having  met  in  New  York.  The  American 
branch  held  a  conference  at  Chicago  in  October 
1893.  The  alliance  has  aided  largely  in  the 
promotion  of  religious  liberty  in  Europe  and 
the  East.  Consult  'Reports >  of  the  conferences; 
and  Arnold,  'History  of  the  Evangelical  Alli- 
ance* (London  1897). 

EVANGELICAL  ASSOCIATION,  a  re- 
ligious denomination  founded  in  Pennsylvania 
about  the  beginning  of  the  19th  century  by 
Jacob  Albright,  a  member  of  the  Methodist 
Episcopal  Church,  who  was  born  in  Pennsyl- 
vania 1759,  and  from  about  1790  traveled  among 
the  German  population  as  an  evangelist.  Al- 
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bright  founded  a  society  of  converts  in  1800, 
which  so  increased  in  numbers  that  it  was 
finally  organized  in  1807  as  the  Evangelical 
Association  of  North  America,  with  Albright  as 
bishop.  The  theology  of  the  association  as  de- 
fined in  its  21  articles  closely  resembles  that  of 
the  Methodist  Episcopal  Church,  from  which, 
also,  it  differs  little  in  government  and  form  of 
worship.  The  Church  was  divided  in  1891, 
when  a  minority,  numbering  40,000,  organized 
the  United  Evangelical  Church.  In  1916  the 
association  had  27  annual  conferences,  including 
one  in  Japan,  one  in  Switzerland,  and  two  in 
Germany;  1,663  preachers,  115,243  communi- 
cants, and  property  valued  at  about  $11,000,000. 
Besides  its  German  elements  it  has  a  relatively 
large  English-speaking  membership  and  pub- 
lishes English  periodicals  and  English  books. 
It  has  four  bishops,  a  well-equipped  publishing 
house  at  Cleveland  and  another  at  Stuttgart, 
Wiirtemberg;  a  biblical  institute  and  North- 
western College  at  Naperville,  111.;  two  semi- 
naries ;  an  orphan  home  at  Flat  Rock,  Ohio ;  a 
charitable  society;  a  missionary  society,  sus- 
taining domestic  and  foreign  missions  in  Japan 
and  China  and  assisting  the  European  churches; 
a  Woman's  Missionary  Society;  a  Church 
Extension  Society.  Hospitals  are  maintained  in 
various  cities  in  Germany,  and  in  Chicago  and 
in  Bismarck,  N.  Dak.  Its  periodicals  are  The 
Evangelical  Messenger  (weekly)  ;  The  Mis- 
sionary Messenger  (monthly)  ;  Der  Christliche 
Botschafler  (weekly).  Consult  Plitt,  'Die 
Albrecht^leute'  (Erlangcn  1877)  ;  Carroll,  'Re- 
ligious Forces  of  the  United  States'  (New 
York  1912)  ;  Orwig,  'History  of  the  Evangeli- 
cal Association'  (1858). 

EVANGELICAL  CHURCH,  The  United. 

Sec  United  Evangelical  Church,  The. 

EVANGELICAL  CHURCH  CONFER- 
ENCE, the  name  of  the  general  meetings  of 
representatives  of  the  Protestant  bodies  of  Ger- 
many and  Austria.  The  first  general  confer- 
ence met  at  Berlin  in  1846  and  was  followed  by 
the  Eisenach  Conference  of  1852.  Since  1854 
these  conferences  have  been  held  every  two 
years  at  Eisenach.  The  object  is  the  promotion 
of  unity  among  the  several  evangelical  bodies 
which  send  representatives  to  the  conference. 
The  official  organ,  Allgemeines  Kirchenblatt  fur 
das  evongelische  Deutschland,  is  issued  regu- 
larly at  Stuttgart.  Consult  Braun,  <Zur  Frage 
der  engern  V  ereinigung  der  Deutschen  cvan- 
gelischcn  Landeskirchcn '  (Berlin  1902). 

EVANGELICAL  COUNSELS,  in  Catho- 
lic theology,  arc  distinguished  from  divine  com- 
mandments in  this,  that  the  commandments  are 
of  universal  obligation  for  whoever  would  be 
saved,  while  the  Evangelical  Counsels  point  to 
the  readiest  and  surest  means  of  attaining  that 
end  When  a  certain  ruler  put  to  Jesus  Christ 
the  question  "What  good  thing  shall  I  do  that  I 
may  inherit  life?"  and  received  the  answer  "If 
thou  wilt  enter  into  life,  keep  the  command- 
ments," he  was  taught  the  condition  of  salvation 
which  applies  to  all  mankind.  But  he  wanted  to 
know  whether  there  is  not  a  more  excellent 
way:  he  had  "observed  all  those  things  from  his 
youth  up*;  was  there  not  some  other  "good 
thing*  for  him  to  do?  Then  Jesus  prescribed 
to  him  the  perfect  way :  "Sell  all  that  thou  hast 
and  distribute  unto  the  poor*  (Matt,  xix,  21), 
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giving  him  one  of  the  Evangelical  Counsels,  the 
counsel  of  voluntary  poverty.  The  celibate  life 
is  commended  by  Saint  Paul  as  more  favor- 
able to  entire  devotion  to  the  service  of  God 
than  the  state  of  marriage;  that  Evangelical 
Counsel  is  the  principal  topic  of  the  epistle  of 
1  Corinthians.  Finally,  entire  obedience  is  the 
third  of  those  counsels  —  renunciation  of  self- 
will,  cheerful  submission  to  the  rule  of  supe- 
riors. Members  of  the  religious  orders  of  the 
Catholic  Church  bind  themselves  by  solemn 
vows  to  practise  the  three  Evangelical  Coun- 
sels :  poverty,  chastity  and  obedience. 

EVANGELICAL  UNION,  the  name  of  a 
religious  body,  also  familiarly  known  as  the 
Morisonians,  from  the  Rev.  James  Morison,  of 
Kilmarnock,  by  whom,  with  three  other  clergy- 
men, it  was  founded  in  Scotland  in  1843.  The 
founders  were  soon  joined  by  a  number  of 
ministers  and  churches  of  the  Congregational 
I'nion  of  Scotland,  and  extended  themselves 
considerably  in  Scotland  and  the  north  of  Eng- 
land. The  Morisonians  maintain  the  univer- 
sality of  the  atonement,  combining  with  this 
the  doctrine  of  eternal  personal  and  uncondi- 
tional election.  In  point  of  church  government 
the  members  of  the  Evangelical  Union  are 
independent,  but  many  congregations  have  rul- 
ing elders.  In  1896  nearly  all  the  churches  were 
absorbed  by  the  Congregational  Union.  The 
body  had  in  1899  between  90  and  100  congrega- 
tions, chiefly  in  Scotland,  and  712  ministers. 
Consult  Ferguson,  'History  of  the  Evangelical 
Union'  (1876);  and  Adamson,  'Life  of  Dr. 
James  Morison'  (London  1898). 

EVANGELINE.  < Evangeline:  a  Tale  of 
Acadic'  is  based  upon  a  true  story  which 
traveled  from  Canada  to  New  England  by  word 
of  mouth,  reached  Hawthorne,  who  did  not 
care  to  use  it  for  a  romance,  and  was  by  him 
turned  over  to  Longfellow,  who  published  his 
poem  in  1847.  It  instantly  won  the  widest 
public,  and  has  ever  since  remained  among  the 
most  popular  narrative  poems  in  the  English 
language.  Hawthorne's  disinclination  to  use 
the  incident  was  probably  due  to  the  fact  that 
he  did  not  find  it  deeply  tragic:  the  fate  of 
the  innocent  lovers  who  are  separated  by  a 
purely  external  force  but  who  remain  faithful 
till  death  is  hardly  more  than  pathetic.  The 
tenderness,  however,  with  which  Longfellow 
handled  the  pathos  of  the  theme  quite  con- 
ceivably appealed  to  a  larger  variety  of  read- 
ers than  a  stern  tragic  handling,  such  as  Haw- 
thorne's might  have  been.  In  form  the  poem 
follows  the  example  set  by  J.  H.  Voss's  'Luise* 
(1795)  and  the  greater  'Hermann  und  Doro- 
thea' (1798)  of  Goethe,  both  of  which  had 
attempted  to  treat  modern  sentiments  and  man- 
ners with  Homeric  simplicity.  But  'Evange- 
line* owes  nothing  essential  to  its  predecessors. 
The  hexameters  in  which  the  story  is  told, 
while  not  so  close  to  classical  hexameters  as 
those  of  A.  H.  Clough's  'Bothie  of  Tober-na- 
Vuolich'  (1848)  or  Kingsley's  'Andromeda* 
(1858),  added  to  English  poetry,  never  before 
or  since  hospitable  to  the  measure,  a  new 
rhythm.  The  language  of  'Evangeline,'  while 
rarely  vivid,  is  pure,  sweet  and  melodious ; 
its  landscapes,  though  full  of  charm  and  color, 
like  its  characters,  resemble  its  characters  also 
in  belonging  less  to  any  particular  soil  than  to 


the  general  world  of  romance.  Still,  in  spite  of 
its  lack  of  raciness  and  actuality,  the  poem 
founded  a  national  legend  which  has  kept  alive 
the  memory  of  an  episode  that  would  otherwise 
have  been  forgotten;  and  by  something  uni- 
versal in  its  gracious  manner  has  increased 
modern  literature  with  a  story  everywhere  read 
and  remembered. 

Carl  Van  Doren. 

EVANGELIST  (a  bringer  of  good  tid- 
ings), in  the  New  Testament,  a  preacher  of 
the  gospel,  distinguished  (Eph.  iv,  11)  from 
the  apostles,  prophets,  pastors  and  teachers. 
The  term  came  ultimately  to  refer  to  only  the 
authors  of  the  four  Gospels,  but  in  modern 
times  has  been  extended  to  indicate  also  an 
unattached  preacher  whose  specific  work  is  the 
arousing  of  personal  interest  in  matters  of 
religion. 

EVANGELISTARION,  a  book  of  selec- 
tions from  the  Gospels,  used  as  a  service  book 
in  the  Greek  Church.  It  contains  the  Gospel 
lessons  for  each  day  in  the  year.  The  book 
which  contained  the  lessons  from  the  Acts  and 
Epistles  was  called  the  Praxapostolos.  If  both 
were  included  in  a  single  work,  the  latter  was 
termed  a  Euxologia.  There  are  hundreds  of 
manuscripts  of  these  service  books  in  existence, 
dating  from  the  6th  century  onward.  Con- 
sult Gregory,  C.  R.,  'The  Canon  and  Text  of 
the  New  Testament*  (New  York  1907)  and 
Scrivener,  'Introduction  to  the  Textual  Criti- 
cism of  the  New  Testament*  (4th  ed.,  London 
1894). 

EVANGELISTS,  Symbols  of  the  Four. 

These  symbols  take  their  origin  from  Ircnams, 
who  identified  the  four  living  creatures  before 
the  throne  of  God  (Rev.  iv,  64)  with  the  four 
Evangelists.  For  a  long  time  there  was  little 
agreement  as  to  the  order  in  which  the  creatures 
were  assigned  to  each  Evangelist.  Later  in  the 
Western  Church  the  following  order  became 
general :  the  man  represents  Saint  Matthew ; 
the  lion,  Saint  Mark;  the  calf,  Saint  Luke; 
and  the  eagle,  Saint  John.  Consult  Goldsmith, 
E.  E.,  'Sacred  Symbols  in  Art*  (New  York 
1911)  and  Jenner,  Mrs.  Henry,  'Christian  Sym- 
bolism »  (Chicago  1910). 

EVANS,  Alexander  William,  American 
botanist:  b.  Buffalo.  N.  Y.,  17  May  1868. 
He  was  graduated  at  Yale  in  1890  and  in 
1894-95  studied  at  Munich  and  Berlin.  In 
1895  he  began  his  connection  with  the  botanical 
department  of  Yale,  becoming  professor  of 
botany  there  in  1906.  He  is  an  ex-president  of 
the  Botanical  Society  of  America.  He  has 
made  extensive  investigations  of  the  bryophtyes 
of  Connecticut  and  the  hepaticx  of  Alaska. 
He  is  a  Fellow  of  the  American  Association 
for  the  Advancement  of  Science. 

EVANS,  Sir  Arthur  (John),  English 
archaeologist :  b.  Nash  Mills,  Hertfordshire, 
1851.  He  is  a  son  of  Sir  John  Evans  (q.v.). 
He  was  educated  at  Harrow,  Oxford,  and 
Gottingen,  and  was  keeper  of  the  Ashmolcan 
Museum,  Oxford,  from  1884  to  1908.  Since 
1893  he  has  superintended  archaeological  re- 
searches in  Crete,  excavating  in  1900-08  the  pre- 
historic palace  of  Knossos.  He  has  published 
'Through  Bosnia'  (1895);  'Illyrian  Letters'; 
'Antiquarian  Researches  in  Illyricum*  (1883- 
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85) ;  'Cretan  Pictographs  and  Prae-Phoenician 
Script'  (1896)  ;  'Further  Discoveries  of  Cretan 
and  /Egean  Script'  (1896);  'The  Mycenaean 
Tree  and  Pillar  Cult'  (1901),  etc.  He  was 
knighted  in  1911. 

EVANS,  Augusta  Jane.  See  Wilson,  Au- 
gusta Jane  Evans. 

EVANS,  Christmas,  Welsh  Baptist  divine: 
b.  Isgaerwen,  Cardiganshire,  25  Dec  1766;  d. 
Swansea,  19  July  1838.  He  was  at  first  a 
Presbyterian  but  joined  the  Baptists  in  1788, 
and  in  the  following  year  was  ordained  a  mis- 
sionary among  the  Baptists  of  Carnavon shire. 
After  three  or  four  years  there  he  removed  to 
Anglesey  where  he  lived  until  1826.  In  Anglesey 
he  practically  exercised  episcopal  functions  and 
his  removal  to  Glamorganshire  in  1826  was 
occasioned  by  his  arbitrary  conduct.  He  re- 
moved to  Cardiff  in  1828  and  four  years  later 
to  Carnarvon.  He  was  an  able  and  eloquent 
preacher  and  was  well  known  throughout  Wales 
where  he  did  much  in  brhalf  of  church  build- 
ing. Consult  the  biography  by  Hood  (London 
1881). 

EVANS,  Edward  Payson,  American 
author:  b.  Rcmsen,  N.  Y„  8  Dec  1831.  He 
graduated  at  the  University  of  Michigan  in 
1854,  where,  after  several  years  of  teaching  in 
Mississippi  and  Wisconsin,  he  was  professor 
of  modern  languages  and  literatures  in  1862-67. 
He  has  made  a  special  study  of  Oriental  lan- 
guages; in  1884  became  connected  with  the 
'AUgemcinc  Zeitung.'  of  Munich  in  Europe, 
to  which  he  contributed  many  articles  on  the 
literary,  artistic  and  intellectual  life  of  the 
United  States.  He  has  published  'Summary  of 
the  History  of  German  Literature'  (1869)  ; 
'Progressive  German  Reader'  (1870);  'Animal 
Symbolism  in  Ecclesiastical  Architecture' 
( 1896)  ;  *  Evolutional  Ethics  and  Animal  Psy- 
chology' (1898)  ;  'Bcitragc  zur  Amcrikanischen 
Litteratur  und  Kulturgcschichtc'  (2  vols.,  1898- 
1903) ;  'The  Criminal  Prosecution  and  Capital 
Punishment  of  Animals'  (1906). 

EVANS,  Edward  Radcliffe  Garth  Russell, 

English  explorer  and  naval  officer:  b.  1881. 
He  was  educated  at  Merchant  Taylors'  School 
and  entered  the  navy  in  1897,  becoming  sub- 
lieutenant in  1900.  He  served  on  the  Morning, 
the  relief  ship  to  the  Discovery  expedition  in 
1902-04.  In  1907  he  was  awarded  the  Shadwcll 
Testimonial  Prize  by  the  Lords  Commissioners 
of  the  Admiralty.  In  October  1909  he  joined 
the  British  Antarctic  Expedition  as  second  in 
command,  and  was  made  commander  in  1912. 
He  returned  in  command  of  the  expedition 
after  the  death  of  Captain  Scott.  He  lectured 
on  the  Scott  expedition  in  the  United  States  in 
1914,  commanded  the  Mohawk  in  the  bombard- 
ment of  the  right  wing  of  the  German  army 
on  the  Belgian  coast  in  1914.  In  this  year  he 
received  the  cross  of  the  Legion  of  Honor,  was 
made  C.B.  in  1913  and  received  the  D.S.O.  in 
1917. 

EVANS,  Elizabeth  Edson  Gibson,  Ameri- 
can prose  writer :  b.  Newport,  N.  H.,  8  March 
1832;  d.  10  Sept.  1911.  She  was  married  to 
Edward  Payson  Evans  (q.v.)  1S68.  She  has 
published  'The  Abuse  of  Maternity'  (1875); 
'Laura,  an  American  Girl'  (1884);  'A  His- 
tory of  Religions'   (1892);  'Story'  of  Kaspcr 
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Hauscr'  (1892)  ;  'The  Story  of  Louis  XVII  of 
France'  (1893);  'Transplanted  Manners' 
(1895);  'Confession'  (1895);  'Ferdinand  La- 
salle  and  Helen  von  Donninger'  (1897)  ;  'The 
Christ  Myth'  (1901). 

EVANS,  Evan  Heber,  Welsh  Congrega- 
tional clergyman :  b.  near  Newcastle,  Cardigan- 
shire, 1836;  d.  Bangor,  1896.  He  received  his 
education  at  Swansea  Normal  College  and  Bre- 
con Memorial  College.  In  1862-65  he  was 
pastor  of  Lebanus  Church,  Morriston,  and  from 
1865  to  1894  of  Salem  Church,  Carnarvon.  In 
1886  he  served  as  clergyman  of  the  Welsh  Con- 
gregational Union  and  in  1892  of  the  Congre- 
gational Union  of  England  and  Wales.  In 
1894  he  was  appointed  head  of  the  Bangor  Con- 
gregational College.  He  edited  the  Welsh  Con- 
gregational magazine,  Y  Dysgedydd.  Consult 
the  biography  by  H.  Elvet  Lewis. 

EVANS,  Frederick  William,  American 
writer:  b.  Bromyard  or  Leominster,  England, 
9  June  1808;  d.  Mount  Lebanon,  N.  Y.,  6 
March  1893.  He  removed  to  the  United  States 
in  1820;  joined  the  United  Society  of  Believers 
(Shakers)  at  Mount  Lebanon,  N.  Y.,  in  1830, 
and  became  a  recognized  leader  in  that  society. 
The  best  known  of  his  works  are  'Compen- 
dium of  the  Origin,  History,  and  Doctrines  of 
the  Shakers'  (1859)  ;  'Autobiography  of  a 
Shaker'  (1869);  'Shaker  Communism'  (1871); 
'The  Second  Appearing  of  Christ'  (1873). 

EVANS,  Sir  George  de  Lacy,  British 
general:  b.  Moig,  Ireland,  1787;  A  London,  9 
Jan.  1870.  He  entered  the  army  in  1806,  took 
part  in  the  later  stages  of  the  Peninsular  War 
and  in  the  beginning  of  1814  was  sent  to 
America,  and  at  the  battle  of  Bladensburg  (24 
Aug.  1814)  had  two  horses  shot  under  him. 
At  the  head  of  200  men  he  forced  the  capitol  at 
Washington.  He  was  present  at  the  attack  on 
Baltimore,  and  was  twice  wounded  before  New 
Orleans  in  December  1814,  and  was  on  that 
account  sent  home  to  England,  where  he  re- 
covered just  in  time  to  be  able  to  join  Welling- 
ton at  Quatre-Bras  and  Waterloo.  He  served 
with  distinction  on  the  side  of  the  queen  regent 
in  the  Carlist  War  of  1835-37.  In  1846  he  was 
raised  to  the  rank  of  major-general.  At  the 
outbreak  of  the  Crimean  War  he  was  appointed 
to  the  command  of  the  second  division  of  the 
British  army,  and  distinguished  himself  at  the 
battle  of  the  Alma,  the  siege  of  Sebastopol  and 
the  battle  of  Inkcrman.  He  was  made  a  gen- 
eral in  1861.  He  served  as  a  Liberal  member 
in  the  House  of  Commons  between  1831-65,  but 
not  continuously. 

EVANS,  George  Essex,  Australian  poet: 
b.  London,  18  June  1863.  He  went  to  Australia 
in  1881  where  he  eventually  became  district 
registrar  at  Toowoonby,  Queensland.  He  has 
written  extensively  for  the  Australian  press. 
He  was  editor  of  the  Antipodean  (1893-97)  ;  and 
he  won  the  50  guinea  prize  offered  by  the  gov- 
ernment of  New  South  Wales  for  the  best  ode 
on  the  inauguration  of  the  Commonwealth  in 
1901.  He  was  founder  of  the  Astral  Associa- 
tion for  the  Advancement  of  Music,  Art,  Liter- 
ature and  Science'  (1901).  Among  his  pub- 
lished works  are  'Madclcne  Despar  and  Other 
Poems'  (London  1891);  'Loraine  and  Other 
Verses'  (Melbourne  1898)  ;  'The  Garden  of 
Queensland'    (1898);   'The  Secret  Key  apd 


Digitized  by  Google 


692  E\ 

• 

Other  Verses'  (Sidney  1906).  The  greater  part 
of  his  work,  most  of  which  has  been  contributed 
to  magazines  and  newspapers,  has  not  been  pub- 
lished in  book  form. 

EVANS,  Henry  Clay,  American  politician: 
b.  Juniata  County,  Pa.,  18  June  1843.  He 
served  in  the  51st  Wisconsin  Infantry,  enlisting 
1864.  and  subsequently  settled  in  Chattanooga, 
Tenn.,  as  an  iron  and  railway-car  manufacturer, 
and  was  mayor  of  Chattanooga  for  two  terms. 
He  sat  in  Congress  in  1889-91,  and  was  assistant 
Postmaster-General  1889-93.  His  election  as 
governor  of  Tennessee  1894  was  disputed  and 
the  opposing  Democratic  candidate  was  seated. 
He  stood  second  in  the  vote  for  Vice-President 
at  the  National  Republican  Convention  18%,  was 
appointed  United  States  Commissioner  of  Pen- 
sions in  1897,  and  was  consul-general  in  London 
from  1902  to  1905.  He  is  now  commissioner  of 
education  and  health  of  the  city  of  Chattanooga 
under  the  commission  form  of  government. 

EVANS,  Hugh  Davy,  American  author: 
b.  Baltimore,  Md.,  26  April  1792;  d.  there,  16 
July  1868.  He  studied  law,  began  practice  in 
Baltimore  in  1815  and  became  eminent  as  a 
jurist.  He  was  editor  of  The  True  Catholic 
1843-56,  and  was  connected  with  various  other 
papers.  He  was  a  prominent  member  of  the 
Maryland  Colonization  Society,  and  prepared 
a  code  of  laws  for  the  Maryland  colony  in 
Liberia;  and  in  1862-64  lectured  on  civil  and 
ecclesiastical  law.  Among  his  writings  are 
♦Essays  on  Pleading'  (1827)  ;  'Maryland  Com- 
mon-Law Practice*  (1837);  'Theophilus  Angli- 
canus'  (1851);  'Essays  on  the  Episcopate  of 
the  Protestant  Episcopal  Church  in  the  United 
States'  (1855);  "Treatise  on  the  Christian 
Doctrine  of  Marriage'  (1870).  Consult  memoir 
by  Harrison  (1870). 

EVANS,  John,  American  geologist :  b. 
Portsmouth,  N.  H.,  14  Feb.  1812;  d.  Washing- 
ton, D.  C,  13  April  1861.  He  served  on  several 
State  and  Territorial  geological  surveys,  and 
discovered  remarkable  fossil  deposits  in  the 
Bad  Lands  of  Nebraska.  He  was  afterward 
commissioned  by  the  United  States  government 
to  carry  on  the  geological  surveys  of  Washing- 
ton and  Oregon. 

EVANS,  John,  American  philanthropist:  b. 
Waynesvillc,  Ohio,  9  March  1814;  d.  Denver, 
Colo.,  3  July  1897.  He  was  graduated  at  the  med- 
ical department  of  Cincinnati  College  in  1838-  in 
1848  became  a  professor  in  the  Rush  Medical 
College  of  Chicago,  in  which  city  he  accumulated 
a  large  fortune  by  investments  in  real  estate. 
Much  of  this  he  gave  to  philanthropic  objects. 
He  established  the  Northwestern  University,  and 
endowed  two  chairs  in  it  with  $50,000  each.  In 
1862-65  he  was  governor  of  the  Colorado 
Territory.  Later  he  eslahlishcd  the  University 
of  Denver,  to  the  construction  of  which  he  gave 
$200,000  and  a  large  endowment.  He  gave 
largely  for  the  erection  of  the  Grace  Methodist 
Episcopal  Church  in  Denver,  and  aided  almost 
every  educational institution  and  Methodist 
Episcopal  Church  in  the  State. 

EVANS,  Sir  John,  English  archarologist : 
b.  Britwell  Court,  Buckinghamshire,  17  Nov. 
1823;  d.  31  May  1908.  His  publications  include 
'The  Coins  of  Ancient  Britons'  ;  'The  Ancient 
Stone  Implements,  Weapons  and  Ornaments  of 
Great  Britain  and  Ireland'  (1872);  'Ancient 
Bronze  Implements.  Weapons  and  Ornaments 


of  Great  Britain  and  Ireland'  (1881).  From 
1878  till  1896  Sir  John  was  treasurer  of  the 
Royal  Society,  and  he  presided  over  the  Toronto 
meeting  of  the  British  Association  in  1897.  He 
was  president  of  the  Geological  Society  (1874— 
76),  of  the  Numismatic  Society  (1874-1908), 
and  of  the  Society  of  Antiquaries  (1885-92). 
His  great  work  on  stone  implements  received  a 
prize  from  the  French  Academy,  and  both  it 
and  his  other  work  on  bronze  implements  were 
translated  and  published  in  Paris  shortly  after 
they  appeared  in  England. 

EVANS,  John  Gwenogvryn,  Welsh 
scholar:  b.  Ffynon  Velvcd,  Carmarthenshire, 
1852.  He  was  educated  at  Pontshan  Grammar 
School,  the  Presbyterian  College,  Carmarthen, 
and  Owens  College,  Oxford.  He  was  editor 
of  the  'Scries  of  Old  Welsh  Texts.'  was 
inspector  of  documents  in  the  Welsh  language 
for  the  Historical  Manuscripts  Commission 
from  1894  to  1906.  He  was  nominated  gover- 
nor and  member  of  the  council  of  the  Univer- 
sity College  of  Wales,  and  governor  and  mem- 
ber of  the  council  of  the  National  Library  of 
Wales  by  the  lord  president  of  the  Privy  Coun- 
cil. His  publications  include  'Homeward 
Bound'  (1882);  'Red  Book  Mabinogion' 
(1887)  •  'Facsimile  of  the  Black  Book  of  Car- 
marthen' (1888);  'The  Bruts'  (1890);  'The 
Book  of  Llandav'  (1893);  'Diplomatic  Text, 
with  Notes  and  Introductions,  of  the  Black 
Book  of  Carmarthen'  (1906);  'Editio  Princeps 
of  the  White  Book  Mabinogion,  and  Romances 
from  the  Peniarth  MSS.»  (1907):  'Facsimile 
and  Text  of  the  Book  of  Aneinn'  (1908); 
'Facsimile  of  the  Chirk  Codex  of  the  Welsh 
Laws'  (1909);  'Facsimile  and  Text  of  the 
Book  of  Taliesscn,  with  a  revised  text  and 
translation  into  English'  (1914). 

EVANS,  Margaret  J.    See  Huntington, 

Margaret  Evans. 

EVANS,  Mary  Ann.  or  Marian.  See 

Eliot,  George. 

EVANS,  Oliver,  American  inventor:  b. 
Newport,  Del.,  1755;  d.  New  York,  25  April 
1819.  In  1877  Evans  invented  a  machine  for 
making  card-teeth.  Two  years  later  he  entered 
into  business  with  his  brothers,  who  were 
millers,  and  in  a  short  time  invented  the 
elevator,  the  conveyor,  the  drill,  the  hopper- 
boy,  and  the  descender,  the  application  of  which 
two  mills  worked  by  water-power  effected  a 
revolution  in  the  manufacture  of  (lour.  For 
some  years  after  these  improvements  were  per- 
fected, the  inventor  found  much  difficulty  in 
bringing  them  into  use,  although  in  his  own 
mill  the  economy  of  time  and  labor  which  they 
effected  was  very  manifest.  About  1799  or 
1800  he  set  about  the  construction  of  a  steam- 
carriage;  but  finding  that  his  steam  engine  dif- 
fered in  form  as  well  as  in  principle  from  those 
in  use,  it  occurred  to  him  that  it  could  be 
patented  and  applied  to  mills  more  profitably 
than  to  carriages ;  and  in  this  he  was  completely 
successful.  This  was  the  first  steam  engine  con- 
structed on  the  high-pressure  principle;  and  to 
Evans,  who  had  conceived  the  idea  of  it  in  early 
life,  and  in  1787  and  again  in  1794-95  had  sent 
to  England  drawings  and  specifications,  the 
merit  of  the  invention  belongs,  although  it  has 
been  common  to  assign  it  to  Vivian  and  Treve- 
thick.  who  had  had  access  to  Evans"  plans.  In 
1803-04,  by  order  of  the  board  of  health  of 
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Philadelphia,  he  constructed  the  first  steam 
dredging  machine  used  in  America,  consisting 
of  a  flat  scow  with  a  small  engine  to  work 
the  machinery  for  raising  the  mud.  Evans 
also  invented  the  "Cornish  boiler." 

EVANS,  Robley  Dunglison,  American 
naval  officer:  b.  Floyd  Court  House,  Va.,  18 
Aug.  1846;  d.  Washington,  3  Jan.  1912.  He  was 
appointed  to  the  United  States  Naval  Academy 
from  Utah  in  1860,  promoted  ensign  in  1863, 
and  in  1864-65  was  on  board  the  Powhatan 
of  the  North  Atlantic  blockading  squadron. 
He  participated  in  both  attacks  on  Fort  Fijlier; 
in  1868  was  commissioned  lieutenant-commander, 
in  1870-71  was  on  duty  at  the  navy  yard,  Wash- 
ington, in  1871-72  at  the  Naval  Academy.  Hav- 
ing served  in  1873-76  successively  on  the  Shen- 
andoah and  the  Congress,  of  the  European 
station,  he  was  made  commander  in  1878;  in 
1891-92  was  in  command  of  the  Yorktown  at 
Valparaiso,  Chile,  where  American  sailors  were 
killed  by  a  mob,  and  in  1893  became  captain. 
He  policed  the  Bering  Sea  sealing  grounds. 
During  the  Spanish-American  War  he  was  in 
command  of  the  Iowa,  and  at  the  naval  battle 
of  Santiago  he  took  an  important  part  in  the 
destruct  ion  of  Cervera's  fleet.  In  1901  he  was 
commissioned  rear-admiral ;  in  1902  was  made 
commander  of  the  Asiatic  fleet  with  the  flag- 
ship Kentucky;  was  escort  to  Prince  Henry  of 
Prussia,  during  the  latter's  visit  to  the  United 
States ;  commanded  the  Atlantic  fleet,  1905^07, 
taking  it  in  1907,  as  commander-in-chief,  on 
tour  of  the  world.  After  rounding  Cape  Horn, 
and  on  reaching  San  Francisco,  ill  health 
forced  him  to  give  up  the  command.  He  was 
retired  18  Aug.  1908.  He  published  <A  Sailor's 
Log*  (1901);  and  <An  Admiral's  Log*  (1910). 

EVANS,  Thomas  William*,  American  den- 
tist :  b.  Philadelphia,  23  Dec.  1823 ;  d.  Paris.  14 
Nov.  1896.  He  studied  dentistry  and  practised 
in  Maryland  and  later  in  Lancaster,  Pa.,  and 
made  a  specialty  of  saving  teeth  by  filling.  In 
seeking  a  substitute  for  gold  foil  he  mixed  rub- 
ber and  sulphur,  which  made  a  black  substance 
instead  of  a  white  one.  Because  of  the  un- 
favorable color  he  laid  the  substance  aside  and 
gave  it  no  more  thought  till  his  mixture  was 
used  by  others  for  producing  commercial  gutta- 
percha, which  he  declared  Tie  had  discovered. 
In  1848  he  went  by  invitation  to  Paris,  as  the 
most  skilful  American  dentist,  to  attend  to  the 
teeth  of  President  Louis  Napoleon.  During  his 
career  in  Paris  he  accumulated  a  very  large 
fortune.  He  also  won  an  international  repu- 
tation as  an  expert  in  military  sanitation,  and 
was  one  of  the  founders  of  the  Red  Cross 
Society.  His  home  was  the  refuge  of  the 
Empress  Eugenie  from  the  mob  on  the  night 
of  4  Sept.  1870.  Dressed  in  his  wife's  clothes, 
she  was  taken  by  him  to  the  Normandy  coast, 
where  he  secured  her  escape  to  England.  He 
bequeathed  all  of  his  fortune,  estimated  at 
from  $8,000,000  to  $12,000,000,  excepting  $250,- 
000,  to  establish  a  museum  and  institute  in 
Philadelphia. 

EVANSTON.  111.,  city  in  Cook  County,  on 
the  Chicago  and  Northwestern  Railway,  12  miles 
north  of  Chicago  on  Lake  Michigan.  It  has 
electric  surface  and  elevated  railroads  to  Chi- 
cago; Holly  system  of  waterworks,  with  com- 
plete filtration  plant,  daily  newspapers  and  three 
banks,  deposits  over  $6,000,000.  It  is  the  scat 
voc.  l  —38 


of  Northwestern  University  (M.E.)  founded 
in  1854,  largely  endowed  and  of  high  repute, 
with  a  library  of  25,000  volumes  and  a  museum. 
It  is  the  seat  also  of  the  Garrett  Biblical  Insti- 
tute. The  Dearborn  Observatory  was  trans- 
ferred here  from  Chicago  in  1888.  Evanston 
was  the  home  of  Frances  Willard  (q.v.).  It  is 
really  a  residential  suburb  of  Chicago,  and 
called  uCity  of  Churches.*  The  Evanston  Com- 
mercial Association  —  over  300  members  —  has 
much  influence  in  civic  and  business  affairs. 
Pop,  30,000. 

EVANSTON,  Wyo.,  city  and  county-seat  of 
Uinta  County,  76  miles  east  of  Ogden,  on 
the  Bear  River  and  the  Union  Pacific  Railway. 
There  are  valuable  coal  mines  in  the  vicinity, 
and  the  surrounding  region  is  also  largely  de- 
voted to  stock- farming  and  agriculture.  Oil  has 
been  discovered  in  the  neighborhood.  Among 
the  local  industries  are  a  large  flouring-milf, 
ice  plant  and  railway  repair  shops.  The  State 
Asylum  for  the  Insane  is  situated  here.  The 
city  contains  a  public  library  and  owns  the 
waterworks.    Pop.  2,583. 

EVANSVILLE,  Ind.,  a  city  and  port  of 
entry  of  Vanderburg  County,  of  which  it  is  the 
county-seat,  about  185  miles  west  of  Louisville, 
192  miles  northeast  of  Cairo,  and  180  miles 
southwest  of  Indianapolis,  on  the  Ohio  River, 
and  the  Louisville,  E.  &  St.  L.,  the  Louisville 
&  N.,  the  Evansville  &  T.  H.  and  other  rail- 
ways. It  is  pleasantly  located  on  a  high  bank 
of  the  river.  Evansville  is  the  chief  shipping 
point  for  southwestern  Indiana,  and  ranks 
highly  among  the  commercial  centres  of  the 
State.  The  neighboring  region  abounds  in  coal 
and  the  local  coal  trade  is  a  large  one.  There 
is  also  an  important  trade  in  flour,  pork,  to- 
bacco, grain  and  timber.  There  are  machine- 
shops  and  foundries,  plow-works,  furniture 
factories,  flouring-mills.  and  manufactures  of 
cottons  and  woolens,  brick  and  tile,  pottery, 
terra-cotta  and  fire-clay  products,  malt  liquors, 
and  saddlery  and  harness.  The  United  States 
census  of  manufactures  for  1914  showed  with- 
in the  city  limits  297  industrial  establishments 
of  factory  grade,  employing  11,698  persons: 
10,333  being  wage  earners,  receiving  a  total  ot 
$5,168,000  annually  in  wages.  The  capital  in- 
vested aggregated  $24,666,000,  and  the  year's 
output  was  valued  at  $31,427,000:  of  this,  $13,- 
427,000  was  the  value  added  by  manufacture. 

The  prominent  buildings  include  the  United 
States  custom-house,  the  courthouse,  the  city 
hall,  the  Willard  Library,  the  State  Hospital 
for  the  Insane,  Evans  Temperance  Hall,  Citi- 
zen's National  Bank  Building  and  the  United 
States  Marine  Hospital.  There  are  also  10 
parks.  Daily  and  weekly  newspapers  are  pub- 
lished. Evansville  was  founded  by  Gen.  R.  M. 
Evans  in  1817,  became  the  county-seat  of  Van- 
derburg County  in  1819,  and  was  incorporated 
in  1847.  The  government  is  administered  by 
a  charter  of  3  March  1893,  with  amendments 
of  11  March  1895.  This  instrument  provides 
for  a  mayor,  elected  for  four  years,  and  a  com- 
mon council,  one  member  from  each  ward  for 
one  year  and  four  councilmen  at  large  for  two 
years.  The  annual  expenditure  of  the  munici- 
pality is  about  $700,000,  the  annual  income  about 
$940,000.  The  municipality  owns  the  water- 
works, which  are  operated  at  a  yearly  expense 
of  about  $30,000.   Pop.  96,737. 


5»4  EVANSVILL 

EVANS VILLE,  Wis.,  a  vUlage  of  Rock 
County,  17  miles  northwest  of  Janesville  and  22 
miles  south  by  east  of  Madison,  on  the  Chicago 
and  Northwestern  Railway.  Among  its  indus- 
tries arc  an  extensive  wind-mill  factory,  an  iron- 
foundry  and  two  large  tobacco  warehouses. 
Pop.  2,061. 

EVAPORATION  (Lat.  evaporatio,  from 
evaporare,  to  emit  vapor),  the  formation  of 
vapor  at  the  free  surface  of  a  liquid.  In  evapo- 
ration a  portion  of  the  liquid  escapes  in  the 
gaseous  form  from  the  general  mass,  and,  rising 
into  the  space,  spreads  through  it  according  to 
the  laws  of  diffusion  of  gases.  Supposing  the 
temperature  of  the  space  above  the  liquid  to  be 
uniform,  the  evaporation  proceeds  (provided 
there  is  a  sufficient  quantity  of  liquid)  until  the 
space  is  uniformly  filled  with  vapor.  A  space 
thus  filled  with  the  maximum  quantity  of  vapor 
corresponding  to  the  temperature  of  it  is  said  to 
be  saturated.  If  the  dimensions  of  the  space 
be  diminished,  a  portion  of  the  vapor  is  forced 
to  condense;  if  the  temperature  of  the  space 
falls,  a  portion  of  the  vapor  condenses  also; 
while  if  the  temperature  of  the  space  is  in- 
creased, the  dimensions  remaining  unchanged, 
the  space  ceases  to  be  saturated,  because  the 
quantity  of  the  vapor  that  corresponds  to 
saturation  is  greater  the  higher  the  temperature. 
When  there  is  not  a  sufficient  quantity  of  liquid 
present  to  saturate  the  space  completely,  the 
whole  of  the  liquid  evaporates  and  the  vapor 
diffuses  uniformly  through  the  space.  The 

Sace  is  then  said  to  be  non-saturated.  Consult 
e  United  States  Monthly  Weather  Review  for 
March  1914.   See  Boiling  Point;  Vapor. 

EVARTS,  Jeremiah,  American  editor  and 
missionary  secretary:  b.  Sunderland,  Vt.,  3  Feb. 
1781;  d.  Charleston,  S.  C,  10  May  1831.  He 
was  graduated  at  Yale  1802,  and  settled  in  New 
Haven  as  a  lawyer.  His  life  was  largely  devoted 
to  the  interests  of  missions,  he  being  editor  of 
the  Missionary  Herald  for  a  long  term  and 
corresponding  secretary  of  the  American  Board 
of  Commissions  for  Foreign  Missions  1821-31. 

EVARTS,  William  Maxwell,  American 
lawyer  and  statesman :  b.  Boston,  Mass.,  6  Feb. 
1818;  d.  New  York,  28  Feb.  1901.  He  was  grad- 
uated from  Yale  in  1837,  studied  law  in  the 
Harvard  Law  School  and  the  office  of  Daniel 
Lord  of  New  York,  in  1841  was  admitted  to  the 
bar,  and  in  1849-53  was  assistant  district  attor- 
ney in  New  York.  In  1851  he  was  successful 
in  the  conduct  of  the  prosecution  of  the  Cuban 
filibusters  of  the  Cleopatra  expedition.  He  was 
retained  in  1857  and  I860  to  argue  the  Lemmon 
slave  case  on  behalf  of  the  State  of  New  York 
against  Charles  O'Conor,  counsel  for  Virginia. 
An  active  and  prominent  Republican,  he  made 
the  speech  nominating  Seward  for  the  Presi- 
dency at  the  Republican  National  Convention  in 
Chicago  in  1860,  though  subsequently  moving 
to  make  the  nomination  of  Lincoln  unanimous. 
In  1861  he  and  Horace  Greeley  (qv.)  were 
rival  candidates  before  the  State  legislature  for 
appointment  to  the  senatorship  vacated  by  Sew- 
ard, newly  made  Secretary  of  State.  As  a  com- 
promise, Ira  Harris  was  finally  appointed. 
Evarts'  legal  knowledge  was  frequently  em- 
ployed in  the  service  of  the  administration.  On 
behalf  of  the  government  he  conducted  numer- 
ous important  cases.  Among  such  were  that  be- 
fore the  Supreme  Court  to  establish  the  right 
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of  the  United  States  during  the  Gvil  War  to 
deal  with  the  captured  ships  as  maritime  prizes 
(1862),  and  that  maintaining  the  unconstitu- 
tional character  of  the  State  laws  taxing  United 
States  bonds  or  stock  of  the  national  banks 
without  authorization  of  Congress  (1865-66).  He 
was  principal  counsel  for  Andrew  Johnson 
(q.v.}  in  the  President's  trial  for  impeachment, 
and  by  his  lofty  judicial  argument  contributed 
much  to  a  result  which  has  since  been  regarded 
as  most  fortunate.  He  then  went  into  John- 
son's Cabinet  as  Attorney-General  for  the  re- 
maining vear  of  the  term.  In  1872  he  was  chief 
counsel  for  the  United  States  before  the  Geneva 
tribunal  for  settlement  of  the  Alabama  claims. 
As  chief  counsel  for  the  Republican  party 
before  the  electoral  commission  (qv.)  that 
settled  the  Haycs-Tilden  Presidential  dispute, 
Evarts  based  his  argument  on  the  constitutional 
idea  that  sovereign  States  must  conduct  their 
elections  and  govern  themselves  without  Federal 
interference,  pointing  out  that  the  electoral  re- 
turns from  Louisiana  revealed  the  choice  of 
Hayes  electors.  During  Hayes'  administration 
he  was  Secretary  of  State.  He  made,  in  1880,  a 
report  upon  the  matter  of  American  control  of  a 
trans-isthmian  canal,  whether  at  Nicaragua  or 
Panama.  His  administration  of  the  office  was 
marked  by  skill  in  diplomatic  questions,  the  im- 
provement of  the  consular  service  and  the  pub- 
lication of  consular  reports  on  the  economic  and 
commercial  status  of  foreign  lands.  In  1881  he 
was  a  delegate  to  the  international  monetary 
conference  at  Paris,  and  in  1885  entered  the 
LTnited  States  Senate,  his  term  expiring  3 
March  1891.  He  was  the  senior  partner  in  the 
law  firm  of  Evarts,  Choate  and  Beaman,  and 
was  frequently  retained  in  important  corpora- 
tion cases.  While  in  the  Senate  he  made  several 
noteworthy  speeches  and  he  also  pronounced 
manv  distinguished  occasional  addresses,  includ- 
ing the  Centennial  oration  at  Philadelphia  in 
1876. 

EVE.  See  Adam. 

EVE,  Paul  Fitzsimmons,  American  phy- 
sician: b.  near  Augusta,  Ga.,  1806;  d.  1877.  He 
was  graduated  at  Franklin  College  in  1826  and 
at  the  medical  college  of  the  University  of 
Pennsylvania  in  1828.  He  then  studied  for 
two  years  in  Europe,  and  in  1831  was  sur- 
geon during  the  Polish  Revolution.  In  1832-49 
he  was  professor  of  surgery  in  Georgia  Medi- 
cal College,  and  in  Louisville  1849,  the  Univer- 
sity of  Nashville  1850-68,  and  the  University  of 
Missouri  in  1868-77.  He  was  elected  president 
of  the  American  Medical  Association  in  1857. 
He  published  over  600  articles  on  medical  sub- 
jects, including  'Remarkable  Cases  in  Surgery > 
(1857). 

EVECTION  (Lat.  evectio,  «a  turning 
upward"),  the  second  inequality  in  the  motion 
of  the  moon,  due  to  the  attraction  of  the  moon 
by  the  sun.  Owing  to  the  evection  the  position 
of  the  moon  may  vary  1  20  degrees.  It  was  dis- 
covered bv  Hipparchus  nearly  200  years  before 
the  Chrisiian  era.  and  more  completely  deter- 
mined by  Ptolemy. 

EVELETH,  ev'e-leth,  Minn.,  city  of  Saint 
Louis  County,  70  miles  northwest  of  Duluth.  on 
the  Duluth  and  Iron  Range,  and  the  Duluth, 
Missabe  and  Northern  railroads.  It  has  ex- 
tensive dairying,  lumber  and  iron-mining  in- 
terests, a  public  library,  etc.    The  commission 
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form  of  government  was  adopted  in  1913.  The 
waterworks  are  the  property  of  the  munici- 
pality.   Pop.  7,036. 

EVELINA.  When  'Evelina*  appeared,  in 
1778,  its  originality  created  a  literary  sensation. 
That  Fanny  Burney,  a  young  woman  of  25,  in  a 
period  of  mediocre  and  frequently  indecorous 
imitations,  should  have  produced  a  novel  keen  in 
observations,  seemly  in  humor  and  spirited  in 
execution,  won  admiration  everywhere.  To-day 
some  of  the  newness  has  worn  off  and  the 
artistry  has  been  partially  eclipsed  by  the  genius 
of  later  writers.  But  'Evelina*  will  always 
possess  distinction  as  an  early  example  of  the 
novel  of  domestic  manners  as  seen  through 
clear  and  subtle  feminine  eyes;  time  cannot  rob 
it  of  its  intrinsic  freshness,  and,  indeed,  en- 
riches it  with  a  certain  charming  quaintness. 
The  story  is  told  in  the  form  of  letters,  con- 
tinuing in  this  respect  the  tradition  of  'Pamela.' 
But  most  of  the  Richardsonian  analytical  psy- 
chology is  omitted  and  the  incidents  are  not 
as  exceptional  as  those  that  were  necessary  to 
regale  an  earlier  generation.  With  these  modi- 
fications, the  stress  is  laid  upon  the  presenta- 
tion of  contemporary  English  life  as  it  would 
impress  an  Evelina.  The  result  is  a  degree  of 
immaturity  and  externality  as  compared  with 
the  penetration  of  Jane  Austen;  however,  the 
surface  of  society  as  it  is  reflected  in  the  mind 
of  the  youthful  letter-writer,  is  portrayed  with 
undeniable  vivacity  and  comic  power.  The 
comedy  arises  chiefly  from  the  juxtaposition 
of  contrasting  ridiculous  characters.  They  are 
simplified  and  exaggerated  almost  to  the  point 
of  caricature,  but  they  possess  truth  enough  to 
make  them  human;  and  the  comedy  to  which 
they  give  rise,  though  verging  upon  farce,  is 
always  amusing  and  wholesome.  Among  the 
varied  types  moves  Evelina,  finally  successful  in 
winning  the  recognition  of  her  deceived  father 
and  the  love  of  her  noble  admirer.  She  is  in 
essence    Miss   Burney  herself;   and   to  the 

Sontaneity  and  vividness  of  her  reactions  to 
e  life  about  her  the  novel  in  the  last  analysis 
owes  its  vitality  and  charm.  Consult  Dobson, 
Austin  'Life  of  Fanny  Burney';  Macaulay, 
Lord,  'Essays  on  Madame  D'Arblay,'  passim; 
'The  Early  Diary  of  Francis  Burney,*  passim. 

George  B.  017x101*. 

EVELYN,  eVc-lTn,  John,  English  writer: 
b.  Wotton,  Surrey,  31  Oct.  1620;  d.  there,  27 
Feb.  1706.  After  completing  his  course  at 
Oxford  he  began  to  study  law  at  the  Middle 
Temple.  He  made  some  efforts  in  favor  of  the 
royal  cause  in  1659,  on  which  account  he  was 
much  favored  by  Charles  II  after  his  restora- 
tion. In  1662  he  published  'Sculptura,  or  the 
History  and  Art  of  Chalcography  or  Engraving 
on  Copper.*  On  the  foundation  of  the  Royal 
Society  he  was  nominated  one  of  the  first  Fel- 
lows and  at  its  meetings  he  read  a  discourse 
on  forest-trees,  which  formed  the  basis  of  his 
most  celebrated  publication,  'Sylva,  or  a  Dis- 
course of  Forest-trees*  (1664).  He  continued 
in  favor  at  court  after  the  Revolution  of  1688 
and  was  made  treasurer  of  Greenwich  Hospital. 
He  lived  for  many  years  at  Saves  Court,  Dept- 
ford,  and  subsequently  succeeded  to  his  brother's 
estate  of  Wotton,  his  life  being  that  of  a  loyal, 
worthy,  public-spirited  country  gentleman. 
Evelyn  left  a  most  interesting  diarv,  picturing 
his  life  from  1641  to  1706,  first  published  with 


his  correspondence  in  1818.  A  new  edition  of 
the  'Diary'  was  issued  in  1827;  another,  with 
life,  by  Whcatley,  in  1879;  and  one  by  Austin 
Dobson  in  1906. 

EVENING  GROSBEAK,  a  large  finch 
(Hesperiphona  vtstertina)  or  western  North 
America.  It  is  olivaceous,  with  the  crown, 
wings,  tail  and  feet  black;  forehead  and  rump 
yellow ;  bill  yellowish  and  a  white  patch  on  the 
wing.  It  inhabits  the  forests  of  northwestern 
Canada  and  the  Rock)-  Mountain  region,  occa- 
sionally coming  south  into  the  upper  Mississippi 
Valley  in  winter.  This  was  the  limit  a  few 
years  ago,  but  since  about  1905  the  bird 
has  extended  its  winter  migration  to  eastern 
Canada,  New  England  and  New  York,  where 
it  annually  appears  in  increasing  numbers  and 
is  reported  to  have  bred  in  a  few  instances.  Its 
nest  is  a  rather  rude  structure  placed  In  a  tree; 
eggs,  greenish,  blotted  with  pale  brown.  This 
grosbeak  feeds  by  preference  on  berries,  espe- 
cially those  of  the  mountain  ash,  bittersweet  and 
the  like;  also  on  buds,  seeds,  frozen  apples,  etc. 
It  goes  about  in  small  flocks,  uttering  a  variety 
of  calls,  and  in  spring  sings  in  a  loud,  odd  way, 
more  striking  than  beautiful.  Full  accounts 
of  the  extraordinary  winter-spread  eastward 
of  this  interesting  bird  may  be  found  in  recent 
files  of  the  ornithological  magazines. 

EVENING  PRIMROSE,  the  common 
name  of  American  plants  belonging  to  the  vari- 
ous genera  of  the  family  Onagraceet,  or  evening 
primrose  family.  They  are  annual  or  biennial 
herbs,  the  yellow  flowers  opening  either  during 
the  night  or  at  evening.  There  are  upwards  of 
40  species  to  which  the  name  is  applied,  nearly 
all  natives  of  North  America,  but  some  of  them 
naturalized  in  Europe,  particularly  in  England. 
Evening  primroses,  especially  Oenothera  bxennis 
and  related  species,  have  attracted  much  interest 
because  of  experiments  in  plant  breeding  con- 
ducted with  them. 

EVENING    or    NIGHT  SCHOOLS, 

schools  in  which  instruction  is  given  to  pupils 
debarred,  generally  by  reason  of  being  wage- 
earners,  from  the  advantages  of  the  day  schools. 
Evening  schools  arose  at  a  time  when  compul- 
sory education  was  not  as  widespread  as  at 
present  and  when  more  children  were  conse- 
quently growing  up  without  instruction.  Be- 
ginning with  the  idea  of  imparting  the  more 
rudimentary  branches,  such  schools  have  ex- 
tended their  scope  until  in  some  cases  they  form 
departments  of  institutions  devoted  to  the  study 
of  art,  science  or  technology.  In  some  of  its 
wider  aspects  their  work  has  become  allied  to 
the  university  extension  movement. 

Central  Europe. —  The  evening  schools  in 
central  Europe  are  largely  the  outgrowth  of 
Sunday-schools  which  shortly  after  the  middle 
of  the  18th  century  began  to  add  elementary 
secular  instruction  to  religious  teaching.  The 
school  age  limit  being  less  than  at  present,  a 
review  or  continuation  of  school  studies  seemed 
of  great  importance.  In  Germany,  beginning 
with  lessons  in  arithmetic  and  the  mother 
tongue,  the  range  of  instruction  gradually 
widened.  Some  states  made  attendance  obliga- 
tory at  such  Sunday-schools  in  certain  cases. 
At  present  the  term  Fortbildungsschulcn  (liter- 
ally "further  developing  schools")  is  applied 
in  Germany  and  Switzerland  to  schools  intended 
for  pupils  who  have  passed  the  elementary 
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school  age  and  yet  study  the  elementary 
branches.  These  Forlbildungsschulen  are  open 
only  in  winter  and  rarely  require  more  than 
six  hours  of  attendance  in  the  week.  Their 
object  is  to  give  boys  a  practical  turn  of  mind 
by  instruction  fitted  to  bear  upon  their  future 
callings.  They  do  not  furnish  instruction  in 
foreign  or  dead  languages  or  the  higher  mathe- 
matics. In  Switzerland,  all  the  25  cantons  have 
systems  of  Forlbildungsschulen  held  on  Sun- 
days, holidays  and  in  the  evening.  The  evening 
schools  of  France,  now  numbering  many  thou- 
sands, appear  not  to  date  back  farther  than 
1820.  The  tendency  is  toward  technical  train- 
ing rather  than  liberal  studies,  but  there  are 
also  evening  classes  or  lectures  open  to  those 
who  desire  a  broader  culture. 

Great  Britain^-  In  1806  a  benevolent  asso- 
ciation founded  an  evening  school  in  Bristol, 
England,  for  young  persons  who  were  working 
for  a  living.  In  1811  a  school  for  adults  was 
started  in  Bala,  Wales,  and  others  shortly  fol- 
lowed in  London  and  other  towns.  Such  schools 
were  originally  supported  by  private  benevolence 
or  local  funds,  but  the  government,  after  a  time, 
saw  the  wisdom  of  aiding  them  by  grants.  Since 
1861  this  aid  has  been  greatly  increased,  but  is 
not  intended  to  supersede  local  effort.  Accord- 
ing to  regulations  issued  by  the  Board  of  Educa- 
tion of  Great  Britain  for  the  school  year  ending 
31  July  1903,  local  funds  were  expected  to  meet 
25  per  cent  of  expenditure  for  the  evening 
schools  and  such  expenditure  to  be  approved 
by  the  board.  The  schools  must  not  be  con- 
ducted for  private  profit.  They  are  under  super- 
vision and  examination  by  the  board,  are  subject 
to  its  examinations  and  must  report  to  it. 
Schools  charging  no  fees  are  not  generally  rec- 
ognized. Instruction  must  begin  after  4  p.  M.  or 
on  Saturday  after  1  p.  m.  Students  under  12  arc 
not  admitted  nor  those  who  attend  day  schools 
under  government  inspection  (art  students  being 
excepted).  The  courses  arc  as  follows:  (1) 
Literary  and  commercial;  (2)  art;  (3)  manual 
instruction;  (4)  mathematics  and  science;  (5) 
home  occupations  and  industries.  The  last 
course  is  largely  for  girls  and  includes  "home 
nursing."  The  boys  may  take  a  course  in  am- 
bulance training,  in  gardening,  etc.  Through- 
out London  the  evening  schools  give  instruc- 
tion in  gymnastics  and  swimming  and  life-sav- 
ing methods  have  been  taught  to  some  of  the 
pupils.  Evening  classes  have  been  held  in  Lon- 
don at  various  institutions  such  as  University 
College,  King's  College,  South  Kensington  Mu- 
seum, etc.  In  the  so-called  provincial  colleges 
evening  classes  constitute  an  important  part  of 
the  work.  Special  schools  give  instruction  in 
commercial  branches,  courses  for  women,  art, 
technology  and  advanced  science.  The  Edu- 
cation Department  of  Great  Britain  reported 
1911-12  for  the  evening  schools  of  England  and 
Wales  7,749  schools  inspected  and  222,776  pupils 
enrolled. 

In  Scotland  the  Parliamentary  grants  for 
evening  schools  are  administered  hy  the  Scotch 
Education  Department,  and  are  used  as  in  Eng- 
land to  supplement  locally  raised  funds.  The 
courses  of  study  cover  about  the  same  ground. 
Gaelic  is  found  on  the  curriculum,  and  agricul- 
ture, horticulture,  navigation,  military  drill  and 
swimming  may  all  be  learned. 

Evening  schools  also  exist  in  most  of  the 
countries  of  Europe  and  republics  of  Latin 
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America;  and  in  Canada  they  are  specially 
flourishing. 

United  States. — The  first  successful  evening 
schools  of  the  United  States  began  near  the 
middle  of  the  19th  century,  although  an  attempt 
without  permanent  results  was  made  in  New 
York  in  1834.  Boston  and  other  large  cities 
soon  followed  and  evening  schools  gradually  be- 
came a  recognized  part  of  the  common  school 
system.  The  aims  of  the  pupils  in  the  evening 
schools  being  generally  very  practical  and  their 
minds  more  mature,  the  methods  and  subjects 
of  instruction  are  varied  from  those  of  the  day 
schools.  Branches  relating  to  commercial  and 
industrial  occupations  are  naturally  preferred. 
Free  evening  schools  tor  instruction  in  drawing 
exist  in  some  cities  and  drawing  is  included  in 
the  curriculum  of  some  of  the  regular  schools. 
Evening  high  schools  have  become  common  and 
in  addition  to  these  extensions  of  the  public 
school  system,  various  important  institutions, 
such  as  Cooper  Union,  New  York;  the  Mary- 
land Institute,  Baltimore,  and  the  Drcxcl  Insti- 
tute, Philadelphia,  offer  evening  courses  of  a 
highly  varied  and  very  valuable  character,  and 
of  a  range  resembling  that  of  the  day  classes. 
Free  lectures  also  connect  such  schools  with 
university  extension  methods. 

The  evening  schools  of  the  Young  Men's 
Christian  Association  in  the  United  States,  in 
1914,  had  83,771  students,  while  the  Young 
Women's  Christian  Association  had  65,129.  In 
the  business  and  commercial  schools  reporting 
to  the  United  States  Bureau  of  Education  in 
1912,  there  were  134,818  students  in  evening 
classes.  The  evening  schools  connected  with 
the  city  school  system  of  the  United  States 
reported,  in  1912,  for  cities  over  10,000  inhabit- 
ants, a  total  of  204  cities,  9,476  teachers.  Forty- 
one  of  these  schools  were  in  Massachusetts  and 
the  remainder  were  scattered  over  the  other 
States.  In  1911  Massachusetts  added  greatly 
to  the  efficiency  of  the  State  vocational  educa- 
tion by  extending  its  help  in  a  very  liberal  and 
broad  manner  to  the  night  schools.  The  great- 
est number  of  night  schools  are  still  to  be 
found  in  the  North  Atlantic  States  and  the 
smallest  number  in  the  South  Central  States 
and  Territories. 

EVENING  STAR  (also  called  HES- 
PERUS and  VESPER),  the  name  given  to 
any  one  of  the  planets  seen  above  the  horizon 
before  midnight;  especially  applied  to  the  planet 
Venus  on  account  of  its  brightness.  Mars, 
Jupiter  and  Saturn  arc  the  other  chief  evening 
stars. 

EVERDINGEN,  ev'er-dlng-en,  Aldart  or 
Allart  van,  Dutch  landscape  painter:  b. 
Alktnaar,  1621 ;  d.  Amsterdam,  November  1675. 
His  sea  pieces,  in  which  he  represents  the  dis- 
turbed elements  with  great  truth  to  nature,  are 
particularly  celebrated.  In  forest  scenes,  too, 
he  was  a  master.  He  is  known  also  as  an  able 
engraver  by  his  plates  to  Reynard  the  Fox.> 

EVEREST,  Sir  George.  English  military 

engineer:  b.  in  Wales,  1790;  d.  1866.  He  was 
educated  at  the  Royal  Military  Academy  at 
Woolwich,  was  commissioned  second  lieutenant 
in  the  Bengal  artillery,  and  took  part  in  a  sur- 
vey of  Java  and  in  engineering  work  on  the 
Ganges.  Later  he  was  engaged  on  a  survey  of 
India  and  in  1830  was  appointed  surveyor- 
general  of  India,  from  which  post  he  retired 
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in  1843.  He  was  knifhted  in  1861  and  was 
elected  vice-president  of  the  Royal  Geographical 
Society  in  1862.  Mount  Everest  was  named  in 
his  honor.  He  published  'An  Account  of  the 
Measurement  of  Two  Sections  of  the  Meridional 
Arc  of  India'  (1847). 

EVEREST,  Mount,  the  highest  known 
mountain  in  the  world,  is  a  peak  of  the  Him- 
alays.  in  Nepal  near  the  Tibet  frontier.  It 
is  29,002  feet  high,  or  about  five  and  one-half 
miles.  It  was  named  in  honor  of  Sir  George 
Everest,  an  Englishman  who  for  a  time  was 
surveyor-general  of  India.  This  mountain  has 
been  confused  with  Gaurisankar,  whose  twin 
peaks  lie  36  miles  west  of  Everest. 

EVERETT,  Alexander  Hill,  American 
diplomatist:  b.  Boston,  Mass.,  19  March  1792;  d. 
Canton,  China,  29  May  1847.  He  was  gradu- 
ated from  Harvard  in  1806,  was  admitted  to 
the  bar,  and,  after  scrying  as  charge-d'affaires 
at  The  Hague,  was  Minister  to  Spain  in  1825-29. 
He  then  became  editor  of  the  North  American 
Review,  and  was  elected  to  the  State  legisla- 
ture of  Massachusetts.  In  1840  he  was  ap- 
pointed special  agent  to  Cuba,  and  from  1845 
until  his  death  he  was  a  commissioner  to  China. 
To  the  North  American  Review  he  contributed 
a  large  number  of  essays.  While  resident  in 
Cuba  he  was  appointed  to  the  presidency  of 
Jefferson  College,  but  ill  health  compelled  his 
return  north.  He  was  at  first  a  member  of 
the  National  Republican  or  Whig  party,  but 
later  supported  Jackson.  His  work  on  'Europe, 
or  a  General  Survey  of  the  Political  Situation 
of  the  Principal  Powers,  with  Conjectures  on 
their  Future  Prospects'  (1822)  was  highly 
esteemed  in  its  time,  and  was  published  in 
French.  Spanish  and  German.  In  1827  appeared 
his  somewhat  similar  book  on  'America.' 
Among  his  other  volumes  arc  'Critical  and  Mis- 
cellaneous Essays'  (1st  scries,  1845  ;  2d  series, 
1847)  and  'Poems'  (1845).  He  wrote  also 
biographies  of  Patrick  Henry  and  Joseph  War- 
ren for  Sparks'  series  of  'American  Biography.' 
Other  works  were  'New  Ideas  on  Population' 
(1822)  ;  and  orations  on  'The  French  Revolu- 
tion'; 'The  Battle  of  New  Orleans,'  and  'The 
Battle  of  Bunker  Hill.' 

EVERETT,  Charles  Carroll,  American 
Unitarian  clergyman :  b.  Brunswick,  Me.,  19 
June  1829;  d.  Cambridge,  Mass.,  17  Oct.  1900. 
He  was  graduated  at  Bowdoin  College,  and 
afterward  studied  at  the  University  of  Berlin. 
He  returned  to  Bowdoin  College,  where  he  was 
tutor  for  two  years,  librarian  lor  five  and  pro- 
fessor of  modern  languages  1855-57.  He  was 
ordained  pastor  of  the  Independent  Unitarian 
Congregational  Church  in  Bangor,  Me.,  1859, 
but  resigned  in  1869  to  become  professor  of 
theology  in  Harvard  Divinity  School,  and  was 
dean  of  the  school  from  1879  till  his  death. 
Among  his  published  works  are  'The  Science 
of  Thought'  (1869);  'Religions  Before 
Christianity'  (1883);  'Fichtcs  Science  of 
Knowledge'  (1884);  'The  Gospel  of  Paul' 
(1893);  'Psychological  Elements  of  Religious 
Faith'  (1902)  ;  'Immortality  and  Other  Essays' 
(1902)  ;  'Theism  and  Christian  Faith'  (1909). 

EVERETT,  David,  American  writer:  b. 
Princeton,  Mass.,  29  March  1770;  d.  Marietta, 
Ohio,  21  Dec.  1813.  He  studied  law  in  Boston, 
and  while  there  wrote  for  Russell's  Gazette 
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and  a  literary  paper  called  the  Nightingale. 
He  edited  the  Boston  Patriot  (1809),  and  the 
Pilot  (1812).  His  works  include  'The  Rights 
and  Duties  of  Nations,'  an  essay;  'Darenzel,' 
a  tragedy  (1800);  'Common  Sense  in  Desha- 
bille, or  the  Farmer's  Monitor.'  He  wrote  the 
well-known  lines  beginning  — 

You'd  tcarce  expect  one  ol  my  age 

To  (peak  in  public  on  the  lUge. 

EVERETT,  Edward,  American  statesman 
and  orator,  brother  of  A.  H.  Everett  (q.v.)  :  b. 
Dorchester,  Mass.,  11  April  1794;  d.  Boston, 
15  Jan.  1865.  He  was  graduated  from  Harvard 
in  1811,  pursued  studies  in  divinity,  became  in 
1813  pastor  of  the  Unitarian  Church,  Brattle 
street,  Boston,  and  in  1814  published  his 
'Defence  of  Christianity'  in  reply  to  the 
'Grounds  of  Christianity  Examined'  of  George 
G.  English.  In  1814  he  was  also  chosen  to 
occupy  the  newly  established  chair  of  Greek 
literature.  To  qualify  himself  for  the  post 
he  went  to  Europe  in  1815  for  a  course  of  travel 
and  study.  He  was  for  two  years  at  the  Uni- 
versity of  Gottingen,  and  later  sojourned  in 
France,  England,  Italy  and  Greece.  In  1819  he 
returned  to  enter  on  the  duties  of  his  professor- 
ship. He  became  also  in  1820  the  editor  of  the 
North  American  Rn'iew,  and  in  1820-24  con- 
tributed to  it  about  50  papers.  He  was  elected 
to  Congress  in  1824,  and  by  successive  re- 
elections  held  his  seat  until  1834.  Throughout 
this  period  ht  was  a  member  of  the  Committee 
on  Foreign  Relations  and  in  the  20th  Congress 
its  chairman.  He  drew  either  the  majority  or 
the  minority  report  of  many  select  committees, 
In  politics  he  was  a  National  Republican 
(Whig).  He  declined  a  rcnomination  to  Con- 
gress in  1834.  In  1835  he  was  elected  governor 
of  Massachusetts,  subsequently  was  three  times 
re-elected,  holding  the  office  for  four  years,  and 
in  1839  was  defeated  by  a  majority  of  one  vote. 
While  in  Europe  in  1840  he  was  appointed 
Minister  Plenipotentiary  to  England.  At  a  time 
when  there  were  many  points  of  controversy  be- 
tween England  and  the  United  States  he  was 
successful  in  the  adjustment  of  numerous  im- 
portant questions.  He  declined  in  1843  an  ap- 
pointment as  commissioner  to  China,  and  in 
1845  was  recalled.  In  1846-49  he  was 
president  of  Harvard,  and  in  1852  he  be- 
came Secretary  of  State  in  Fillmore's 
Cabinet  for  the  last  four  months  of  the 
lattcr's  administration.  During  this  brief 
term  of  office  he  settled  several  difficult  matters. 
In  a  diplomatic  note  he  declined  the  joint 
proposition  of  Great  Britain  and  France  that  the 
United  States  should  enter  a  tripartite  conven- 
tion which  should  guarantee  to  Spain  exclusive 
possession  of  Cuba  in  perpetuity.  Before  be 
left  the  Department  of  State  he  was  elected  to 
the  Senate.  There  he  vigorously  opposed  the 
Kansas-Nebraska  hill  for  the  repeal  of  the 
Missouri  Compromise.  He  resigned  his  seat  in 
May  1854.  From  1856  to  1859  he  pronounced 
his  well-known  lecture  on  Washington  in  all 
on  122  occasions,  realizing  thereby  nearly 
$60,000,  which  he  turned  into  the  treasury  of 
the  Mount  Vernon  Association  for  the  pur- 
chase of  Mount  Vernon  by  private  subscrip- 
tion. He  prepared  a  collective  edition  of  the 
orations  and  speeches  of  Daniel  Webster,  with 
an  introductory  biographical  notice;  wrote  a 
life  of  General  Stark  for  Sparks'  'American 
Biography' ;  and  prepared  for  the  1  Encyclopaedia 
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Britannica,'  at  the  instance  of  Macaulay,  a  life 
of  Washington,  afterwards  separately  published 
(1860).  In  1860  he  reluctantly  became  a 
candidate  for  the  Vice-Presidency  on  the  Con- 
stitutional-Union, or,  as  it  was  sometimes 
known,  the  Bell-Everett  ticket  — John  Bell 
(q.v.)  being  the  Presidential  candidate.  The 
ticket  received  39  electoral  votes, —  those  of 
Kentucky,  Tennessee  and  Virginia.  During  the 
Civil  War  he  was  a  staunch  Unionist,  but  dis- 
posed also  toward  a  policy  of  reconciliation. 
He  delivered  the  address  at  the  dedication  of 
the  national  cemetery  at  Gettysburg.  Pa.,  19 
Nov.  1863,  and  in  the  Presidential  election  of 
1864  as  an  elector-at-large  he  cast  his  ballot  for 
Lincoln  and  Johnson.  His  last  public  appear- 
ance was  at  Faneuil  Hall,  9  Jan.  1865,  where  he 
spoke  on  behalf  of  the  sufferers  at  Savannah. 

Everett  was  noteworthy  in  his  versatility, —  a 
preacher  and  theologian,  a  Greek  scholar,  an 
editor  and  author,  orator,  diplomat  and  states- 
man. He  attracted  much  attention  by  his  pul- 
pit eloquence.  As  a  Grecian  he  was  thoroughly 
equipped  and  gave  in  his  time  a  considerable 
stimulus  in  America  to  the  study  of  Greek  let- 
ters, antiquities  and  history  His  literary  pro- 
ductions were  carefully  wrought  and  marked  by 
his  scholarship;  but,  through  interruptions  by 
other  activities,  they  were  limited,  so  far  as  pub- 
lished, chiefly  to  his  North  American  articles 
and  the  above-mentioned  'Defence  of  Christian- 
ity.' He  did  not  complete  a  treatise  on  public 
law  —  a  subject  he  was  eminently  fitted  to  ex- 
pound,—on  which  he  was  for  some  time  at 
work.  His  utterances  in  Congress  showed  him 
rather  the  orator  than  the  debater,  and  while 
a  member  of  the  lower  house  he  stood  apart 
from  much  of  party  contention  as  it  there  ap- 
peared. He  took,  however,  a  prominent  part  in 
discussion,  and,  as  indicated  above,  was  a  most 
valuable  committee  member.  While  he  was  a 
foreign  minister  the  general  negotiations  re- 
garding the  northeastern  boundary  and  Oregon 
difficulties  were  transferred  from  him  through 
the  appointment  by  Great  Britain  of  Ashburton 
as  special  ambassador,  yet  many  of  the  points 
in  dispute  were  left  to  Everett's  skilful  adjust- 
ment. As  representative,  secretary  and  senator 
he  held  to  the  possibility  of  saving  the  Union 
by  compromise  on  the  slavery  question,  but,  the 
war  once  begun,  he  was  among  the  ablest  sup- 
porters and  advisers  of  the  Federal  government. 
It  is  as  an  orator  that  Everett  is  best  known. 
His  addresses  were  generally  written  with 
elaborate  care,  and  were  of  the  Ciceronian  type 
in  the  knowledge  and  culture  displayed  as  well 
as  in  their  finished  rhetoric  More  fully  than 
any  other  American  orator  he  combined  the  re- 
sources of  learning  with  the  arts  of  the  speaker. 
He  lacked  Webster's  fire  and  Phillips'  magic, 
but  his  manner  was  always  impressive  and  well- 
poised.  Even  in  his  own  time,  however,  his 
oratory  did  not  escape  criticism  for  lack  of 
directness  and  artificiality,  and  this  charge  has 
frequently  been  made  against  it.  He  may  be 
called  the  pioneer  in  the  American  "lyceum,* 
which  long  had  such  a  reputation.  His  'Ora- 
tions and  Speeches  on  Various  Occasions'  were 
collected  in  four  volumes  in  1853-68.  Consult 
also  Dana,  'An  Address  upon  the  Life  and 
Services  of  Edward  Everett'  (Cambridge 
1865);  <A  Memoir  of  Edward  Everett'  (Bos- 
ton 1865);  and  Whipple's  remarks  in  'Char- 


acter and  Characteristic  Men,'    pp.  243-252 

(1866). 

EVERETT,  James,  English  clergyman:  b. 
Alnwick,  Northumberland,  16  May  1784;  d. 
Cumberland,  10  May  1872.  In  1807  he  began 
to  preach  as  a  Wcsleyan  Methodist  minister. 
In  1821  he  retired  until  1834  and  was  in  the 
book  business  at  Sheffield,  later  at  Manchester. 
In  1842  his  health  compelled  a  second  retire- 
ment. From  1846  to  1848  he  published  the 
notorious  'Fly  Sheets'  intended  to  expose  the 
inefficiency  in  the  affairs  of  the  Wesleyan 
Methodist  Connection.  This  led  to  his  expul- 
sion from  the  Wesleyan  ministry  along  with 
his  friends  William  Griffith  and  S.  Dunn.  They 
formed  the  Wesleyan  Reform  Union  which  later 
united  with  other  liberal  Methodists  and  formed 
the  United  Methodist  Free  Churches.  He  was 
president  of  the  Conference  of  this  body.  He 
was  a  voluminous  author  and  a  poet  of  no  mean 
ability.  His  most  noted  book  was  'The  Vil- 
lage Blacksmith'  (1831),  which  passed  through 
many  editions.  He  was  also  the  biographer 
of  his  friend  Adam  Clark,  the  great  commen- 
tator. He  assisted  John  Holland  in  the  prep- 
aration of  the  life  of  the  poet  James  Mont- 
gomery (7  vols.,  1854). 

EVERETT,  Joseph  David,  English  phys- 
icist :  b.  Rushmore,  near  Ipswi  ch,  11  SepL  1831; 
dL  9  Aug.  1904.  He  was  educated  at  Glasgow 
University;  was  professor  of  mathematics, 
King's  College,  Nova  Scotia,  1859-64;  assistant 
in  mathematics,  Glasgow  University,  1864-67; 


and  electrical  units,  and  drafted  a  report 
(1873),  the  adoption  of  which  originated  the 
C.G.S.  system  now  generally  employed.  His 
'Universal  Proportion  Table,'  was  the  first  ap- 
plication of  the  parallel  column  arrangement 
for  obtaining  a  slide-rule  with  very  open  scale. 
His  English  version  of  M.  Privat-Deschanel's 
'Physics'  (1870)  was  so  largely  rewritten  as 
to  be  almost  an  original  work.  Other  of  his 
publications  are  'Centimetrc-Gramme-Second 
System  of  Units'  (1875);  'Elementary  Text- 
Book  of  Physics'  (1877) ;  'Shorthand  for  Gen- 
eral Use'  (1877):  'Vibratory  Motion  and 
Sound'  (1882);  'Batteries  of  Natural  Phi- 
losophy' (1887),  etc. 

EVERETT,  William,  American  educator, 
youngest  son  of  Edward  Everett  (q.v.)  :  b. 
Watertown,  Mass.,  10  Oct.  1839;  d.  Quincy, 
Mass.,  15  Feb.  1910.  From  1870  to  1877  he 
was  assistant  professor  of  Latin  at  Harvard. 
He  was  master  of  Adams  Academy  at  Quincy, 
Mass.,  1877-93  and  in  1897,  and  was  member 
of  Congress  1893-95.  He  was  the  author  of 
'On  the  Cam'  (1865)  ;  'Changing  Base'  (1868), 
'Double  Play'  (1870),  two  books  for  boys;  a 
poem,  'Hesione,  or  Europe  Unchained'  (1860)  ; 
'School  Sermons'  (1881);  'Thine,  Not  Mine*: 
and  many  pamphlets  on  political,  literary  and 
religious  subjects. 

EVERETT,  Mass.,  city  in  Middlesex 
County,  three  miles  north  of  Boston,  on  the 
Boston  and  Maine  Railway  and  with  connection 
by  electric  surface  lines  with  Lynn,  Salem, 
Chelsea,  Boston  and  adjacent  towns.  Accord- 
ing to  the  report  of  the  13th  United  States 
is  there  were  in  Everett  62  establishments, 
a  capital  of  $22,905,000,  employing  2.680 
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wage-earners  at  wages  amounting  to  $1,979,000 
and  having  a  product  valued  at  $8,747,000.  The 
most  important  manufactories  are  a  chemical 
plant,  structural  iron  foundries,  steel  works  and 
gas  and  coke  works,  radiators,  shoes,  coal-tar 
products,  leather,  beds,  concrete  blocks,  tools, 
wagons,  boxes,  trunks,  etc  The  United  States 
census  of  manufactures  for  1914  showed  within 
the  city  limits  85  industrial  establishments  of 
factory  grade,  employing  3,788  persons ;  3,226 
being  wage-earners  receiving  annually  a  total 
of  $2,047,000  in  wages.  The  capital  invested 
aggregated  $26,409,000  and  the  year's  output 
was  valued  at  $13,219,000;  of  this,  $6,708,000 
was  the  value  added  by  manufacture.  There 
are  two  public  libraries,  the  Shutc  Memorial 
and  the  Parlin  Memorial,  and  the  Whidden 
Memorial  Hospital  is  also  located  here. 
Everett  was  settled  in  1643  and  until  1870 
it  was  a  part  of  Maiden.  It  received  its  city 
charter  in  1892.  Its  chief  development  was 
in  the  decade  1890-1900.  The  government 
is  administered  by  a  mayor,  chosen  annually, 
and  a  municipal  council  in  which  members 
of  the  lower  chamber  are  elected  by  wards 
for  one  year,  those  of  the  upper  chamber  at 
large  for  two  years.  The  more  important  of 
the  subordinate  officials  are  nominated  by  the 
mayor  and  confirmed  by  the  council ;  the  others 
are  chosen  by  the  council.   Pop.  37,381. 

EVERETT,  Wash.,  city,  county-seat  of 
Snohomish  Count)',  on  Puget  Sound,  on  the 
Northern  Pacific,  the  Great  Northern,  the 
Chicago,  Milwaukee  and  Saint  Paul  railroads, 
about  55  miles  east  by  north  of  Tacoma  and  30 
miles  north  of  Seattle.  It  has  an  excellent 
harbor  with  water  communication  with  the 
Pacific  and  agricultural  lands,  forests  and  val- 
uable mines  nearby.  Such  a  combination  of 
natural  resources  is  not  common.  Everett  is 
the  entrepot  of  the  towns  and  camps  in  a  rich 
mining  belt.  Within  a  district  36  miles  long 
and  20  miles  wide,  the  Monte  Cristo,  Great 
Lake,  Silver  Creek,  Troublesome,  Sultan,  Stilla- 

Suamish  and  North  Fork  district  send  ores  to 
le  great  smelter  in  Everett  and  in  various 
ways  contribute  naturally  to  the  substantial 
growth  of  the  city.  The  city  trades  extensively 
in  lumber,  having  some  of  the  largest  plants 
in  the  Northwest.  Red-cedar  shingles  are  the 
most  important  products.  The  smelter  and 
refinery  plant  obtains  mineral  from  all  over  the 
Northwest.  The  city  contains  railroad  shops, 
flour-  and  lumber-mills,  large  shipyards,  sash 
and  door  factories,  saw  and  shingle  mills  and 
one  of  the  two  plants  in  the  United  States  for 
saving  arsenic  from  smelter  fumes.  There  are 
several  well-built  brick  buildings,  churches,  a 
theatre,  graded  streets,  electric  light  and  motor 
power,  sewers,  school  houses,  newspapers,  a 
Carnegie  library,  two  hospitals  and  the  United 
States  customs  and  assaycr's  offices,  etc.  Its 
school  system  is  excellent.  Everett  was  settled 
in  1891,  incorporated  in  1893.  Its  growth  has 
been  rapid  because  of  its  favorable  situation 
as  a  commercial  port,  its  transportation  facilities 
and  its  nearness  to  extensive  forests.  It  has 
adopted  the  commission  form  of  government. 
Pop.  32,048. 

EVERETT-GREEN,     Evelyn,  English 
writer:  b.  London,  17  Nov.  1856.    She  is  the 
cr  of  Mary  Wood  Everett-Green  (q.v.). 
educated  at  Bedford  College,  London ; 


studied  music  at  the  London  Academy ;  and  for 
two  years  was  a  nurse  in  a  London  hospital. 
Since  1883  she  has  devoted  herself  entirely  to 
writing.  Among  her  many  published  works  the 
best  known  are  'The  Last  of  the  Dacres* 
(1886);  'St.  Wynfriths>  (1893);  'Dare  Lori- 
mer's  Heritage>  (1892);  1  Dominique's  Vc 


ance*;  'Shut  In»  (1894);  'Over  the  Sea  Wadl> 
Inglehurst   the  Preacher' 


(1894);  <  Arnold 
(18951;  < Squib:  I 

and  Enghjh*  (1898);  'Odeyne's  Marriage* 


His  Friends*  (1896);  'French 


(1899);  'The  Heir  of  Haskett  Hall>  (1899); 
'Monica*  (1900);  'After  Worcester*  (1901); 
<For  the  Faith >  (1901);  'Olivia's  Experiment* 
(1901);  <In  Fair  Granada*  (1901);  'Fallen 
Fortunes*  (1902);  <Alwyn  Ravendale*  (1902); 
'Hero  of  the  Highlands*  (1903)  'Duffcrin's 
Keep*  (1905);  'The  Magic  Island*  (1906); 
'Married  in  Haste*  (1907);  'The  House  of 
Silence*  (1910);  'The  Evolution  of  Sara* 
(1911);  'Biackladies'  (1914);  'The  Double 
House*  (1915);  'Confirmed  Bachelor*  (1915). 

EVERETT-GREEN,  Mary  Anne  (Wood), 
English  author:  b.  Sheffield,  1818;  d.  London,  1 
Nov.  1895.  She  moved  to  London  in  1841  and 
for  nearly  40  years  was  employed  in  the  record 
office  as  one  of  the  editors  of  the  'Rolls  Scries 
of  State  Paper  Calendars.*  The  works  edited 
by  her  include  'Letters  of  Royal  and  Illus- 
trious Ladies  of  Great  Britain*  (1846)-  'Diary 
of  John  Rous*  (1856);  'Letters  of  Henrietta 
Maria*  (1857) ;  'Life  of  William  Whitingham* 
(1870).  Her  only  original  work  was  the  'Lives 
of  the  Princesses  of  England  from  the  Norman 
Conquest.  (1850-55). 

EVERGLADES.  The  name  given  to  a 
vast  tract  of  land  and  water  in  the  southernmost 
part  of  Florida,  a  region,  though  under  the 
very  eyes  of  the  early  pioneers  and  bordered  by 
our  own  advanced  lines  of  commerce  and  travel, 
remained  practically  undiscovered  until  the 
first  decade  of  the  20th  century.  It  is  not  a 
marsh,  a  swamp  nor  a  stagnant  pool;  neither 
land  nor  water.  No  white  man  had  penetrated  it 
for  any  great  distance,  either  bv  boat  or  on  foot, 
owing  to  the  variance  in  the  depths  of  the 
water  and  the  dense  tangle  of  saw-grass,  scrub- 
willow  and  custard-apple  which  abounded  there. 
The  State  of  Florida  is  one  immense  mountain 
top  of  limestone  formation,  covered  with  a  net- 
work of  pot-holes,  varying  in  size  from  a  few 
feet  to  thousands  of  acres;  it  has  countless 
lakes  of  fresh  water,  fed  by  springs  and  sub- 
terranean streams,  and  among  these  is  Lake 
Okeechobee,  named  by  the  Indians  Lake  May- 
aimi ;  at  the  southern  end  of  the  lake  began  the 
district  known  as  the  Everglades.  This  vast 
marsh  lay  in  Dade,  Lee,  Monroe  and  Palm 
Beach  counties,  extending  southward  from  the 
lake  about  110  miles  and  having  a  breadth  of 
about  45  miles.  Over  the  rocky  bottom  of  this 
region  lay  a  layer  of  muck,  formed  of  alluvial 
deposit  and  decayed  vegetation,  varying  in 
thickness  from  a  few  inches  to  several  feet,  and 
in  this  muck  the  saw-grass  found  its  origin, 
took  root  and  sometimes  grows  to  a  height  of 
10  feet.  This  saw-grass  is  one  of  the  most 
peculiar  and  interesting  features  of  the  Ever- 
glades. Shooting  up  rapidly,  pale  green  in 
color,  as  it  goes  through  the  water,  fading  in 
the  sunlight  to  a  dull  golden  tint,  its  blades  are 
tough  as  bamboo,  its  edges  sharp  and  jagged  as 
a  saw.   Toward  the  western  end  of  the  lake  it 
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is  interwoven  with  wild  myrtle  and  formed  an 
almost  impassable  barrier,  running  through  the 
entire  length  of  the  lake,  although  there  are 
some  passages  through  it,  known  familiarly  to 
the  Seminole,  but  which  are  almost  impossible 
to  locate  by  the  explorer. 

Scattered  along  the  eastern  and  western 
edges  of  the  marsh  arc  numerous  islands,  some 
very  small,  others  hundreds  of  acres  in  extent, 
covered  with  luxuriant  growths  of  live  oaks 
and  bays,  interspersed  with  wild  cucumber, 
lemon  and  orange  trees.  The  papaya,  the  cus- 
tard-apple and  prickly-ash  are  of  frequent  oc- 
currence, and  here  and  there  may  be  seen  the 
cabbage  palmetto,  the  pine  and  the  rubber-tree. 

The  first  white  man  to  enter  this  mysterious, 
silent  country  was  a  Spaniard,  one  Escalentc 
dc  Fontenada,  who,  after  being  shipwrecked  in 
the  Strait  of  Florida,  was  made  captive  and 
slave  by  the  great  cacique,  Calos,  but  he  has 
left  us  only  a  few  meagre  details  of  his  experi- 
ences during  his  17  years  of  captivity.  Fre- 
quent expeditions  of  exploration  were  sent  out 
by  the  United  States  government  from  1847  to 
1900  to  penetrate  this  wilderness  if  possible,  but 
all  failed,  each  bringing  the  explorers,  after 
days  of  hardships  and  privations,  to  the  con- 
clusion that  the  Everglades,  though  fascinating 
in  its  wildness,  was  a  region  to  be  avoided;  a 
forest  of  trees,  rank  undergrowth  and  saw- 
grass,  impenetrable  and  practically  valueless; 
and  the  lake  a  mixture  of  currents  which 
seemed  to  begin  without  reason,  led  nowhere  in 
particular  and  generally  ended  in  a  compara- 
tively still  pool,  with  a  labyrinth  of  passages 
from  which  there  seemed  no  direct  egress. 

Animal  life  in  the  Everglades  is  fairly  abun- 
dant, deer  being  found  on  both  eastern  and 
western  shores,  otter  are  plentiful,  alligators 
and  crocodile  quite  numerous,  while  the  snake 
is  there  in  large  numbers.  The  Glades  were 
once  the  breeding  place  for  the  egret,  the  ibis 
and  the  heron,  ana,  while  many  of  them  are 
yet  to  be  found,  the  plume  hunter  has  made 
such  inroads  that  all  are  nearly  extinct.  Small 
flies  and  gnats  are  found  where  the  foliage  is 
thick,  as  in  all  regions. 

Probably  the  most  interesting  of  the  deni- 
zens of  the  Everglades  are  the  Seminole  In- 
dians, divided  into  two  clans  or  families,  the 
Muskokis  and  the  Mikasukes,  who  for  hundreds 
of  years  have  inhabited  this  section  of  Florida, 
defying  all  attempts  to  dispossess  them,  and  in 
1835.  during  the  Seminole  War,  killing  a  large 
number  of  troops,  under  Major  Dade,  sent 
against  them.  The  shores  of  the  streams  by 
which  the  Glades  are  entered  are  covered  with 
the  cocoa-plum  tree,  which  also  grows  about 
the  edge  of  the  Glades,  producing  a  blue  fruit 
on  the  eastern  and  a  white  fruit  on  the  western 
edge.  Wherever  the  land  is  sufficiently  dry, 
the  coontie-plant,  really  the  Florida  arrow-root, 
grows,  and  from  these  the  Indian  gets  his  sus- 
tenance, extracting  flour  and  starch  from  the 
roots 

The  physical  features  of  the  Everglades  are 
beyond  description,  beauty  and  charm  blending 
in  a  strange,  sweet  sense  of  mystery.  In  dry 
weather,  when  the  water  is  low,  it  is  possible 
to  drive  into  the  Glades,  but  the  most  beautiful 
and  ideal  approach  is  by  water,  all  the  rivers  of 
the  Glades  finding  their  way  to  the  sea,  some  by 
the  rocky  channels  worn  by  their  own  age-long 
floods,  and  some  through  miles  of  wandering 


curves,  their  shores  lined  with  forests  of  man- 
grove trees. 

Looking  into  these  forests,  only  the  dark 
waters  are  to  be  seen.  Ascending,  the  fresh 
water  of  the  Glades  overcomes  the  brackish 
tidal  water,  and  the  cocoa-plum  takes  the  place 
of  the  mangrove.  Still  farther  up  the  river, 
the  cocoa-plum  gives  way  to  the  cypress,  and 
pond  lilies  abound,  the  whole  panorama  of  shift- 
ing green, —  the  lemon-like  foliage  of  the  cocoa- 
plum,  the  dark  olive  of  the  mangrove,  and  the 
lighter  green  of  the  cypress,  enlivened  by  the 
sunlight,— making  a  scene  of  unique  beauty. 

In  the  perspective,  when  the  water  is  low, 
the  Glades,  with  its  numerous  islands  and 
with  the  tall  golden  grass,  gleaming  in  the  sun- 
shine, waving  over  a  field  of  silver,  ending  with 
a  sky-line  of  blue,  has  a  charm  for  the  eye, 
unequaled,  perhaps,  by  any  other  spot  in  the 
world,  and  gives  to  the  sightseer  or  explorer 
that  subtle  impulse  and  uncontrollable  desire 
to  adventure  into  this  never-ending  plain  of 
grass  and  water,  never  reaching  the  goal  but 
always  seeking  for  something  that  lies  just  be- 
yond the  horizon. 

The  climate  of  the  Everglades  is  faultless, 
showing  no  extremes  of  heat  or  cold,  nor  is  it 
subject  to  sudden  change.  There  are  two  Ma* 
sons  in  the  year,  the  rainy  and  dry,  the  latter 
including  June  and  September,  although  light 
showers  may  be  expected  at  any  season,  and  in 
the  autumn  the  humidity  is  very  high.  Malaria 
is  seldom  heard  of,  the  pure  air  giving  the 
best  assurance  of  health,  and  it  is  small  wonder 
that  the  ancient  explorers  spent  years  here  try- 
ing to  find  the  "Fountain  of  Youth.* 

The  title  to  the  Everglades  is  vested  in  the 
trustees  of  the  Internal  Improvement  Fund  of 
Florida,  under  patents  from  the  Department  of 
the  Interior  of  the  United  States,  by  virtue  of 
an  act  of  Congress  of  1850,  and  they  promoted 
efforts  to  drain  the  Glades  and  open  it  to  actual 
settlers,  the  cost  of  reclamation  being  small- 
compared    to    the    great    agricultural  value. 

A  private  company  set  about  building  a 
drainage  canal  from  Lake  Okeechobee  to  the 
New  River  in  1881.  but  owing  to  faulty  plan- 
ning the  project  failed.  A  definite  plan  was 
finally  outlined  by  the  State  in  1906  and  work 
was  promptly  begun.  This  plan  provided  for  a 
series  of  main  canals  to  be  dredged  from  the 
coast  to  the  lake,  with  the  purpose  in  view  of 
lowering  the  level  of  the  lake  sufficiently  to  stop 
the  overflow  of  its  waters  into  the  Everglades, 
and  to  lower  the  water  level  there  by  means  of 
these  same  canals.  At  the  present  time  five 
canals  of  a  total  length  of  over  200  miles  and  of 
an  average  depth  of  5  feet  with  a  60-foot  width 
have  been  completed  and  have  served  to  reclaim 
about  1,000,000  acres,  although  certain  acres 
have  not  received  sufficient  protection  against 
overflow  during  heavy  raining  season.  The 
success  of  this  work  proved  that  a  great  part 
of  the  remainder  —  2,700,000  acres  —  could  in 
time  be  reclaimed  by  the  natural  incline  of  the 
surface,  from  the  flood  source  to  the  rivers 
entering  the  sea.  A  contract  was  let  to  a 
dredging  company  of  Baltimore  to  excavate 
nine  canals  aggregating  425  miles.  All  of  these 
waterways  arc  now  under  construction,  with 
widths  ranging  from  50  to  60  feet  for  the  larger, 
and  an  average  of  25  feet  on  three  smaller  ones. 
The  depth  of  the  main  canals  ranges  from  five 
to  seven  feet,  while  some  average  four  feet. 
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The  excavation  is  accomplished  by  huge  dredges 
and  ditching  machines  of  the  clamshell,  dipper 
and  suction  types  according  to  the  nature  of  the 
formation  in  which  they  are  employed.  Float- 
ing dynamite  plants  arc  employed  tor  rock  ex- 
cavation, and  are  equipped  with  steam-driven 
shovel  buckets  for  removing  the  rock  blown 
out  from  the  bottom  of  the  cut.  The  work  is 
proceeding  at  such  a  pace  that  soon  about 
one-third  of  the  entire  area  will  be  ready  for 
the  farmer  and  the  settler.  The  Everglades, 
where  drained,  are  being  occupied  by  settlers 
from  all  parts  of  the  country.  Every  kind  of 
fruit  and  vegetable  raised  in  the  temperate  zone 
can  be  cultivated  at  a  profit  in  Florida. 
Oranges,  bananas,  pineapples  and  other  varieties 
may  be  added  to  the  list.  The  farms  under  cul- 
tivation in  the  reclaimed  portion  prove  the 
truth  of  this.  The  new  land  is  being  sold  in 
large  tracts  by  the  State  authorities  to  be 
divided  into  truck  and  other  farms,  but  the 
possibility  of  producing  sugar  is  perhaps  the 
most  important.  The  total  cost  of  the  reclama- 
tion project  under  the  plan  of  1906  has  been 
about  $4,500,000  or  $1,125  per  acre.  For  ads, 
reports  and  official  papers  relating  to  the  recla- 
mation scheme,  and  giving  much  valuable  in- 
formation concerning  the  region,  consult  'The 
Everglades,*  Senate  Document  No.  89,  62d  Con- 
gress, 1st  Session  (Washington  1911);  'Florida 
Everglades/  Report  of  the  Everglades  Engi- 
neering Commission,  Senate  Document  No.  379, 
63d  Congress,  2d  Session  (ib.  1914)  ;  Rhodes 
and  Dumont,  'Guide  to  Florida'  (New  York 
1912)  also  Willcy,  D.  A..  "Draining  the  Ever- 
glades," in  Scientific  American,  Vol.  CIV,  No.  2 
(21  Jan.  1911);  id.,  "Reclaiming  the  Ever- 
glades.* in  Scientific  American,  Vol.  CXV,  No. 
12  (16  Sept.  1916)  ;  and  Dimock,  "The  Passing 
of  a  Wilderness"  in  Scribner's  Magazine,  Vol. 
XLI  (March  1907). 

EVERGREEN,  Ala.,  town,  county-seat  of 
Conecuh  County,  on  the  Louisville  and  Nash- 
ville Railroad,  about  100  miles  northeast  of 
Mobile.  An  agricultural  school  and  experi- 
ment station  and  the  State  Baptist  Orphan 
Asylum  arc  located  here.  Its  mineral  springs 
and  agreeable  climate  make  it  a  winter  resort. 
The  town  is  interested  chiefly  in  agriculture, 
lumbering  and  market  gardening,  and  contains 
a  veneer  mill,  box  factory  and  saw  mill.  The 
waterworks  and  electric-light  plant  are  owned 
by  the  municipality.    Pop.  1,582. 

EVERGREEN  ISLE,  a  poetical  name  given 
to  Ireland. 

EVERGREENS.  Those  plants  which  im- 
perceptibly shed  their  leaves  and  acquire  new 
foliage,  without  noticeable  change  in  their 
aspect,  and  those  which,  like  certain  biennials 
and  alpines,  maintain  their  leaves  throughout 
the  winter  season  so  that  they  may  make  a 
quick  start  in  the  spring,  are  called  evergreens. 
In  the  northern  countries  cultivated  evergreens 
are  roughly  divided  into  two  groups  popularly 
called  conifers  and  "broad-leaved"  evergreens, 
the  latter  including  laurels,  rhododendrons, 
hollies,  box.  etc.  The  tropical  flora  is  chiefly 
evergreen,  and  some  trees,  like  the  Magnolia 
glauca,  that  shed  their  foliage  in  the  north, 
retain  it  in  the  south. 

This  evergreen  character,  especially  where 
the  plants  are  subjected  to  extremes  of  drought 
and  wetness,  or  of  heat  and  cold,  has  given 
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rise  to  many  devices  for  regulating  transpira- 
tion or  the  deleterious  effects  of  too  much 
moisture,  such  as  the  rolling  of  leaves,  waxy 
deposits  on  the  leaves,  and  various  curious 
arrangements  of  pits,  hairs  and  cells.  Wher- 
ever the  foliage  is  persistent  for  several  years, 
as  is  the  case  of  the  holly  and  of  many  tropi- 
cal trees  and  epiphytes,  it  is  often  thick  and 
leathery,  being  provided  with  a  thickened  cuticle, 
especially  where  the  leaf  undergoes  drought 
periodically.  Other  evergreens  like  cacti  and 
rock-plants  become  fleshy  or  succulent,  when 
living  in  arid  conditions,  storing  water  in  their 
tissues  and  sometimes  retaining  it  there  with 
mucilaginous  juices  and  salts.  Furthermore 
they  are  apt  to  assume  a  more  or  less  cylindrical 
shape  in  both  leaf  and  stem,  the  foliage  often 
being  reduced  to  mere  needles  and  scales,  or 
being  absent  entirely.  This  rodlike,  nearly  leaf- 
less, condition  is  particularly  noticeable  in  the 
so-called  whip-plants  of  arid  regions,  which 
arc  reduced  to  switch  branches  with  scales  for 
leaves,  thus  greatly  reducing  the  evaporating 
surface  during  the  heated  term.  They  often 
occur  on  the  Mediterranean  shores  where  an- 
other type  of  device  for  controlling  exhalation 
is  conspicuous ;  for  there  the  evergreens  are 
really  gray,  like  the  lavender,  hoary  with  their 
envelopes  of  hair,  just  as  some  alpine  plants, 
notably  the  edelweiss,  arc  smothered  in  felted 
hairs.  In  the  shadowless  forests  of  Australia 
many  trees  reduce  their  evaporating  surfaces 
by  presenting  only  the  edges  of  their  leaves  to 
the  midday  sun. 

Coniferous  evergreens  furnish  some  of  our 
most  valuable  forest  products  in  the  way  of 
timber,  naval  stores  and  tanning  materials,  and 
also  various  food  products  as  nuts  and  bark, 
chiefly  of  value  to  the  aborigine.  One  or  two, 
as  the  W  est  Indian  yacca  and  the  yew,  furnish 
cabinet  woods,  but  the  latter  seems  to  have 
been  used  wherever  it  grows,  chiefly  for  bows. 
Most  of  them  also  are  useful  for  windbreaks, 
hedges  or  for  ornamental  planting,  where  shelter, 
concealment  or  winter-color  is  desired;  various 
species  being  adapted  for  differing  soils  and 
climates.  Some  of  them,  as  the  arbor-vitae 
and  yew,  stand  shearing  well,  and  can  be  pruned 
into  sundry  geometrical  forms ;  holly  and  box 
share  this  distinction,  and  the  custom  was 
formerly  carried  into  grotesque  excess  in  topi- 
ary gardening. 

Laurel,  rhododendrons  and  other  '"broad- 
leaved8  evergreens  are  often  valuable  in  shrub- 
beries not  only  on  account  of  their  winter  ver- 
dure but  because  they  also  have  handsome 
blossoms  or  fruit ;  they  moreover  afford  shelter 
for  birds. 

Their  long  life  and  perpetual  verdure  have 
caused  many  of  the  evergreen  tribe,  particularly 
the  fir  and  mistletoe,  to  be  included  among 
sacred  plants;  and  they  have  become  adopted 
as  symbols  of  immortality,  of  resurrection  and 
of  perennial  remembrance,  at  funeral  services 
and  in  graveyards.  Several  kinds,  as  the 
yew,  served  as  "palms*  on  Palm  Sunday. 
On  the  other  hand,  yews  and  cypresses,  espe- 
cially the  latter,  serve  as  emblems  of  eternal 
death  and  are  frequently  referred  to  in  this 
connection  in  classical  literature  "with  every 
baleful  green  denoting  death.9 

Evergreens  are  favorite  plants  for  decorat- 
ing during  the  Christmas  holidays;  in  England 


EVERHART  — EVERLASTING  MERCY 


a  certain  order  was  observed  in  their  disposal, 
as  we  find  in  Herrick's  'Ceremonies  for  Can- 
dlemas Eve' : 

Down  with  the  rosemary  and  bays, 

Down  with  the  mistletoe; 
Instead  of  holly,  now  upraise. 

The  greener  box,  for  show. 

Then  youthful  box  which  now  hath  grace 

Your  houses  to  renew. 
Grown  old,  surrender  must  his  place 

Unto  the  crisped  yew. 

Presumably  these  holiday  garlands  and 
decorations  of  evergreens  —  rosemary,  ivy, 
laurel,  box,  holly  and  mistletoe  —  were  sur- 
vivals, with  the  Christmas  tree,  of  pagan  cere- 
monies and  tree- worship,  more  or  less  incor- 
porated in  the  rites  of  the  early  Christian 
churches ;  the  mistletoe,  however,  was  so  inti- 
mately connected  with  Druidical  rites  that  it 
was  excluded  from  the  Church  decorations. 
There  is  a  large  trade  in  these  Christmas  greens, 
both  of  the  foreign  and  native  kinds,  the  latter 
including  southern  smilax,  long-cared  pine, 
ground-pine  and  hemlock. 

Helen  Ingersoll. 

EVERHART,  Benjamin  Matlack,  Ameri- 
can botanist:  b.  West  Chester,  Pa.,  24  April 
1818;  d.  22  Sept.  1904.  After  a  successful  busi- 
ness career  in  his  native  town  and  Charleston, 
S.  C,  he  retired  in  1867  and  devoted  himself  to 
botanical  study,  becoming  a  recognized  author- 
ity on  cryptogamic  botany.  With  J.  B.  Ellis, 
of  New  Jersey,  he  published  in  50  parts  a 
notable  work  entitled  "The  Century  of  North 
American  Fungi,' describing  5,000  species,  many 
of  which  were  discovered  by  Everhart.  With 
W.  A.  Kcllerman,  professor  of  botany  in  Ohio 
State  University,  he  founded  and  edited  ,Thc 
Journal  of  Mycology,'  to  which  he  contributed 
numerous  articles  on  his  specialty.  Several  new 
fungi  discovered  by  him  have  been  named  after 
him  by  his  fellow-scientists. 

EVERLASTING  FLOWERS,  a  name  ap- 
plied to  certain  plants  belonging  to  the  family 
Astcracecr.  from  the  fact  that  when  dried  they 
suffer  little  change  in  their  appearance.  By 
the  French  they  arc  called  immortelles,  and  this 
name  has  been  introduced  into  our  own  lan- 
guage as  applied  to  wreaths  made  of  such  flow- 
ers to  be  placed  beside  recent  graves  as  emblems 
of  immortality.  The  plants  to  which  this  name 
is  most  commonly  applied  belong  to  the  genus 
Helichrysum,  and  are  natives  of  southern 
Africa  and  Australia;  but  it  is  also  given  in 
America  to  members  of  allied  genera,  such  as 
Antcnnaria,  Gnaphalium,  Anaphalis,  etc.  The 
native  women  of  Australia  are  fond  of  deco- 
rating their  hair  with  the  flowers  of  Helichry- 
sum cloium  and  Helichrysum  bracteatum.  See 
Amaranthvs. 

EVERLASTING   GOSPEL,  The.  Sec 

Joachim  de  Floris. 

EVERLASTING  MERCY,  The.  <The 
F.verlastng  Mercy'  (1911),  by  John  Mascfield. 
is  a  poem  of  some  1,800  lines,  telling  the  old 
story  of  a  man's  degradation  and  redemption. 
Life',  while  ruthlessly  bringing  every  man's 
sowing  to  the  harvest,  is  always  merciful 
enough  to  keep  open  the  way  that  leadeth  out 
of  evil.  Mascfield  prefers  the  familiar  simile 
of  the  Christ  knocking  at  the  door  of  one's 
inner  self.    It  is  the  story  of  one  Saul  Kane 


(the  name  is  suggestive  of  two  biblical  char- 
acters and  incidents),  who  at  the  age  of  20 
•was  tokened  to  the  devil .■  The  crisis  in  his 
depravity  is  hastened  by  the  fight  with  Billy 
Myers,  precipitated  by  a  poaching  adventure 
and  succeeded  by  a  drunken  debauch  at  "the 
Lion."  After  'three  long  hours  of  gin  and 
smokes*  with  every  nerve  on  edge  and  mind 
a-swirl  in  a  tumult  of  accusing  thoughts  his 
reason  reeled  and  a  madness  that  was  not 
wholly  from  "Hot  Hollands  punch  on  top  of 
stout"  seized  him.  Throwing  boots  and  torn 
clothes  and  glasses  through  the  window  he  leaps 
out  and  rushes  through  the  street, 

A  naked  madman  waving  grand 
A  blazing  lamp  in  either  hand 

He  wakens  the  sleeping  town  with  a  furious 

ringing  of  the  fire  bell.    When  the  firemen 

rush  toward  him  he  flees  and  they,  because  of 

his  nakedness  and  his  wild  yelling, 

I'm  fire  of  hell  come  up  this  minute 
To  hum  this  town  and  all  that's  in  it. 

think  him  an  escaped  lunatic  Having  shaken 
his  pursuers  he  returns  to  "the  Lion"  and 
sleeps.  On  waking  a  second  spell  of  madness 
rushes  him  to  the  street.  On  seeing  "old  puffing 
parson,"  with  exaggerated  rudeness  he  bars  his 
path  and  pours  out  a  scathing  criticism  of  the 
established  religious  and  social  order,  not  spar- 
ing even  the  parson : 

O,  what  are  you,  and  what  you  preach. 
And  what  you  do,  and  what  you  teach 
Is  not  God's  Word,  nor  honest  schism. 
But  Devil's  cant  and  pauperism. 

Mascfield  is  at  his  beat  when  criticizing 
the  social  order,  but  the  sanity  of  his  spirit  is 
well  disclosed  in  the  parson's  pointed  and  effect- 
ive reply.  Saul  Kane  drunk  and  exaggeratedly 
boastful  in  his  degradation  is  not  bad  all 
through.    Before  the  fight  began  he  looked  at 

The  five  and  forty  human  faces 
Inflamed  by  drink  and  going  to  races, 
Paces  of  men  who'd  never  been 
Merry  or  true  or  live  or  clean. 

It  is  a  man's  sympathy  rather  than  a  drunkard's 
that  prompts  Kane  to  comfort  little  Jimmy  Jag- 
gard  who  has  lost  his  mother  in  the  market 
place.  Jimmy's  mother  hurries  to  the  scene 
as  soon  as  she  is  warned  that  "Saul  Kane,  the 
drunken  braggard,"  is  talking  to  her  Jimmy, 
and  in  her  crude,  unlettered  and  forceful  way 
she  pictures  Kane  to  himself  and  to  the  as- 
sembled crowd  with  pitiless  accuracy,  so  that 
he  confesses  that 


This  old  mother  made  me  see 
What  harm  I  done  by  being  me. 


And 


Sum  ma l  she  was.  or  looked,  or 
Went  h^me  and  made  me  hang 
I  slunk  away  into  the  night 
Knowing  deep  down  that  she  was  right. 


Put  thus  to  shame  before  himself  and  the  peo- 
ple he  drowns  the  mortification  he  felt  in  deeper 
drunkenness  which  spurs  him  to  a  more  brazen 
assertion  of  depravity  as  exhibited  in  the  insult 
offered  to  Miss  Bourne,  who  regularly  visited 
the  saloons  "To  bring  the  drunkards'  souls  to 
grace,"  an  act  which  shocked  even  his  com- 
panions in  drunkenness.  This  insult  recoiled 
upon  him  with  such  force  from  the  clean  soul 
and  simple  word  of  Miss  Bourne  that  it  caused 
something  to  snap  inside  his  brain.  The  re- 
maining part  of  the  poem  describes  his  wander- 
ing "out  into  darkness,  out  to  night,"  merging 
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into  the  dawn  of  a  new  day,  the  birth  of  a  new 
self,  and  the  finding  of  the  *everlasting  mercy, 
Christ.*  The  whole  poem  grips  and  holds  the 
reader  with  the  intensity  of  its  realism  and 
speed  of  action.  One  forgets  that  it  is  verse 
and  feels  the  touch  of  flesh  and  blood. 

EVERLASTING  PEA,  a  popular  name 
for  plants  of  the  genus  Lathyrus,  of  the  pea 
family.  In  the  United  States  it  is  applied  to 
the  beach  pea  (L.  maritimus),  because  it  often 
blossoms  until  late  in  the  fall.  In  Europe  the 
everlasting  pea  is  L.  lotifolius,  a  cultivated  plant 
like  the  sweet  pea,  sometimes  cultivated  for 
ornament  in  North  America. 

EVERMANN,  Barton  Warren,  American 
ichthyologist :  b.  Monroe  County,  Iowa,  1853.  In 
1886  he  was  graduated  at  Indiana  University, 
after  which  he  spent  10  years  as  teacher  and 
superintendent  of  schools  in  Indiana  and  Cali- 
fornia. In  1888  he  began  his  connection  with 
the  United  States  Bureau  of  Fisheries,  was 
made  ichthyologist  in  1891  and  from  1903  to 
1911  was  chief  of  the  division  of  scientific 
inquiry.  Thereafter,  until  1914,  he  had  charge 
of  the  Alaska  Fisheries  Service.  In  1892  he 
was  also  United  States  fur-seal  commissioner 
and  in  1908  was  made  chairman  of  the  fur-seal 
board.  At  various  times  he  lectured  at  the 
universities  of  Cornell,  Stanford  and  Yale. 
He  is  the  author  of  several  bulletins  of  the 
United  States  Fish  Commission  and  has  con- 
tributed to  the  proceedings  of  several  learned 
societies. 

E  VERS  LEY,  1st  Baro.v  (George  John 
Shaw-Lefevre),  English  statesman :  b.  12  June 
1832.  He  received  his  education  at  Eton  and 
at  Cambridge  University.  In  1855  on  the  com- 
pletion of  his  studies  in  law  he  was  called  to 
the  bar.  He  unsuccessfully  contested  Winches- 
ter at  the  election  of  1859,  but  was  successful 
in  1863,  when  he  was  elected  member  for 
Reading,  which  scat  he  held  until  1885,  when  he 
was  elected  from  Bradford.  In  1856  he  became 
civil  lord  of  the  Admiralty  and  in  1858  was 
appointed  commissioner  to  negotiate  a  conven- 
tion on  fisheries  with  the  French  government. 
He  carried  the  vote  in  the  Commons,  in  1868 
for  the  arbitration  of  the  claims  arising  from 
the  Alabama.  From  1869  to  1871  he  was  sec- 
retary of  the  Board  of  Trade  and  in  the  latter 
year  was  made  undersecretary  at  the  Home 
Office.  In  1871-74  he  was  secretary  to  the 
Admiralty;  in  1881-83  first  commissioner  of 
works  and  in  1883-84  postmaster  general.  In 
1892-93  he  was  a  member  of  the  Gladstone 
ministry  and  in  1894-95  was  president  of  the 
Local  Government  Board.  While  in  the 
Commons  he  sponsored  many  important  legis- 
lative bills,  especially  dealing  with  modern 
social  legislation.  He  was  created  first  baron 
in  1906.  He  published  'English  and  Irish  Land 
uestions* ;  'Incidents  of  Coercion* ;  'Peel  and 
'Council*;  'Agrarian  Tenures';  'English 
Commons  and  Forests*;  'Gladstone  and  Ire- 
land* (1912);  'The  Partitions  of  Poland* 
(1915). 

EVERY  MAN  IN  HIS  HUMOUR,  the 

first  comedy  of  Ben  Jonson,  which  has  come 
down  to  us.  It  was  produced  at  the  Globe 
Theatre  in  1598,  with  Shakespeare  in  the  cast 
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and  was  printed  in  1601.  David  Garrick  later 
revised  it  and  achieved  a  great  success  in  the 
principal  role. 

EVERY  MAN  OUT  OF  HIS  HUMOUR, 

a  satirical  comedy  by  Ben  Jonson,  first  pro- 
duced in  1599. 

EVESHAM,  cvzTiam  or  evz'am,  England, 
municipal  borough  and  market  town  in  the 
county  of  Worcester,  on  the  Avon,  15  miles 
southeast  of  Worcester,  beautifully  situated  in 
the  vale  of  Evesham.  It  is  an  ancient  place  and 
was  the  scene  of  a  battle  fought  in  1265,  which 
replaced  Henry  III  on  the  throne.  It  had  a 
celebrated  abbey,  of  which  a  fine  tower  and 
some  other  structures  still  remain.  Fruit  grow- 
ing and  market  gardening  are  the  chief  indus- 
tries.  Pop.  8,340. 

EVICTION.  See  Ejectment  and  Evic- 
tion. 

EVIDENCE.  «The  word  evidence  con- 
sidered in  relation  to  law  includes  all  the  legal 
means  which  tend  to  prove  or  disprove  any  mat- 
ter of  fact  the  truth  of  which  is  submitted  to 
judicial  investigation.**  (Taylor).  Evidence 
may  be  cither  oral  or  documentary.  Oral  evi- 
dence is  the  statements  made  by  witnesses  dur- 
ing the  trial ;  and  documentary  evidence  con- 
sists of  the  production  of  papers,  on  which  is 
writing,  marks  or  characters  capable  of  being 
read,  which  are  submitted  during  the  course  of 
the  trial.  Oral  evidence  must  in  all  cases  be 
direct:  if  it  is  of  something  that  was  seen,  by 
the  person  who  saw  it;  if  of  something  heard, 
by  the  person  who  heard  if ;  if  of  an  opinion, 
by  the  person  who  holds  that  opinion ;  or  if 
the  knowledge  was  acquired  in  any  other  man- 
ner, by  the  person  who  perceived  it  in  that 
manner.  The  general  rule  is  that  hearsay  evi- 
dence is  not  admissible.  Documentary  evidence 
may  be  either  primary  or  secondary.  Primary 
evidence  of  a  document  is  where  the  document 
itself  is  produced  for  the  inspection  of  the 
court.  When  a  document  has  been  executed  in 
counterparts,  each  counterpart  is  primary-  evi- 
dence against  the  party  executing  it,  and  where 
a  document  has  been  made  by  printing  or  any 
other  means  that  will  ensure  an  exact  repro- 
duction, each  copy  is  primary  evidence  of  the 
other  copies,  but  none  of  them  is  primary  evi- 
dence of  the  original.  Secondary  evidence  of 
a  document  would  be  counterparts  of  the  docu- 
ment as  against  the  party  who  did  not  execute 
them,  copies  made  from  the  original  and  com- 
pared with  it,  •office  copies,  official  copies  and 
oral  evidence  of  the  contents  of  a  document 
by  a  person  who  has  seen  the  original.  Before 
secondary  evidence  will  be  received  the  party 
offering  it  must  show  a  legal  reason  why  the 
original  is  not  produced,  such  as  being  lost, 
destroyed,  in  possession  of  the  adverse  party 
who  refuses  to  produce  it  after  notice  to  do  so, 
or  when  it  is  a  public  document,  or  when  it  is 
in  a  country  or  place  from  which  it  is  not  per- 
mitted to  be  removed. 

Either  oral  or  documentary  evidence  may  be 
given  of  any  fact  in  issue  or  relevant  to  the 
issue;  and  where  two  facts  are  so  connected, 
although  one  fact  is  and  the  other  fact  is  not 
the  issue  or  relevant  to  the  issue,  yet  evidence 
of  both  may  be  given  if  that  fact  will  render 
probable  the  existence  or  non-existence  of  the 
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other  fact  which  is  in  issue  or  relevant  to  the 
issue. 

Admissions  are  statements  made  by  a  party 
to  any  proceeding  and  in  reference  to  that  pro- 
ceeding, and  they  are  admissible  against  the 
party  making  them,  but  not  in  his  favor.  Ad- 
missions may  also  be  made  by  an  agent, 'but  to 
bind  the  principal  they  must  be  made  by  the 
agent  in  his  regular  course  of  business  or  em- 
ployment. If  an  admission  is  made  after  an 
agreement  has  been  entered  into  between  the 
parties  not  to  use  it  as  evidence,  it  is  not  ad- 
missible, nor  is  it  admissible  in  evidence  made 
under  duress.  A  confession  is  a  statement  made 
by  a  person  charged  with  a  crime  stating  or 
suggesting  that  he  committed  that  crime.  If 
made  voluntarily  it  is  admissible  as  evidence 
against  him,  but  if  made  while  the  person  is 
under  any  threat  or  promise  which  has  been 
given  by  a  person  in  authority,  it  is  not  admis- 
sible. Confessions  may  be  made  during  the 
course  of  the  trial,  but  if  the  question  which 
produced  the  confession  is  an  improper  one,  and 
after  the  witness  had  refused  to  answer  it  he 
had  been  compelled  to  do  so,  it  is  not  a  volun- 
tary confession  and  therefore  inadmissible.  But 
if  he  made  no  objection  to  answering  the  ques- 
tion, it  is  admissible  as  a  voluntary  confession. 
A  witness's  opinion  is  received  in  evidence  when 
it  falls  under  the  head  of  expert  testimony;  as, 
when  the  question  is  of  some  science  or  art, 
the  opinions  of  persons  specially  skilled  in  that 
art  or  science  are  relevant.  Any  subject  on 
which  special  study  or  experience  is  necessary 
to  the  formation  of  a  correct  opinion  is  a 
science  or  art.  The  most  frequent  illustrations 
arc  medical  and  handwriting  experts.  Before 
the  testimony  of  a  person  called  as  an  expert  is 
received,  he  must  satisfy  the  court  as  to  his 
ability  to  form  a  correct  opinion  on  the  partic- 
ular subject  on  which  he  is  to  testify.  The  gen- 
eral rule  is  that  evidence  as  to  a  person's  char- 
acter is  not  admissible  unless  it  is  the  fact  in 
issue,  except  in  criminal  cases,  but  if  a  person 
introduce  evidence  to  show  good  character,  the 
other  side  may  produce  witnesses  to  show  the 
contrary.  All  facts  should  be  proved  by  the 
best  or  highest  evidence.  If  a  fact  can  be 
proved  by  a  written  instrument,  the  writing 
should  be  produced  and  the  party  alleging  a 
fact  must  prove  it. 

In  the  United  States  the  rules  of  evidence 
arc  laid  down  by  State  enactments  which  apply 
in  State  courts  in  civil  cases,  and  in  Federal 
courts  also,  in  the  absence  of  Federal  enact- 
ments. There  is  no  bar  to  the  giving  of  testi- 
mony, either  of  color  or  nationality.  In  crim- 
inal trials  evidence  follows  common-law  rules, 
as  interpreted  by  the  Federal  courts,  modified 
by  Federal  enactments.  Consult  Chamberlayne, 
•Treatise  on  Evidence*  (4  vols.,  Albany  1911)  ; 
Greenlcaf,  'Treatise  on  the  Law  of  Evidence* 
(16th  ed..  Boston  1899);  Stephen,  J.  F.,  'Di- 
gest of  the  Law  of  Evidence'  (7th  ed.,  London 
1907)  ;  Thayer,  'Preliminary'  Treatise  on  Evi- 
dence at  Common  Law*  (Boston  1898);  Wig- 
more,  'System  of  Evidence  in  Trials  at  Com- 
mon Law'  (Boston  1904)  ;  Mills,  'Theory  and 
Practice  of  the  Law  of  Evidence*  (London 
1907). 

EVIDENCES  OF  CHRISTIANITY,  in 

favor  of  its  divine  origin,  may  be  divided 


broadly  into  two  great  classes,  namely,  external 
evidences,  or  the  body  of  historical  testimonies 
to  the  Christian  revelation;  and  internal  evi- 
dences, or  arguments  drawn  from  the  nature 
of  Christianity  itself  as  exhibited  in  its  teach- 
ings and  effects. 

Among  the  earlier  Christian  apologists  were 
Justin  Martyr,  Minucius  Felix,  TertulHan,  Ori- 
gen,  Arnobius  and  Augustine.  Their  work  was 
continued  by  the  schoolmen  during  the  Middle 
Ages.  In  the  16th  and  17th  centuries  the  influ- 
ences of  the  Renaissance  and  the  Reformation 
gave  rise  to  a  spirit  of  inquiry  and  criticism 
which  developed  English  deism  as  represented 
bv  Herbert  and  Hobbes  in  the  17th  century,  and 
Collins  and  Bolingbrokc  in  the  18th.  The  gen- 
eral position  of  English  deism  was  the  accept- 
ance of  the  belief  in  the  existence  of  God,  and 
the  profession  of  natural  religion  along  with 
opposition  to  the  mysteries  and  special  claims  of 
Christianity.  It  was  in  confutation  of  this  posi- 
tion that  the  great  English  works  on  the  evi- 
dences of  Christianity  of  Butler,  Berkeley  and 
Cudworth  were  written.  In  France  the  new 
spirit  of  inquiry  was  represented  by  Diderot, 
D'Holbach,  and  the  encyclopedists,  who  assailed 
Christianity  mainly  on  the  ground  that  it  was 
founded  on  imposture  and  superstition,  and 
maintained  by  sacerdotal  trickery  and  hypocrisy. 
No  reply  of  any  great  value  was  produced  in 
the  French  Church,  though  in  the  previous  age 
Pascal  in  his  'Thoughts'  had  brought  together 
some  of  the  profoundest  considerations  yet 
offered  in  favor  of  revealed  religion.  The  19th 
century  was  distinguished  by  the  strongly 
rationalistic  spirit  of  its  criticism.  The  works 
of  such  writers  as  Strauss,  Bauer  and  Feucr- 
bach,  attempting  to  eliminate  the  supernatural 
and  the  mysterious  in  the  origin  of  Christianity, 
were  answered  by  the  works  of  Ncander, 
F.brardand  Ullmann  on  the  other  side.  The 
historical  method  of  investigation,  represented 
alike  by  the  Hegelian  school  and  the  Positivists 
in  philosophy,  and  by  the  Evolutionists  in 
science,  is  the  basis  of  the  chief  attacks  of  the 
present  time  against  the  supernatural  character 
of  Christianity,  the  tendency  of  all  being  to 
hold  that,  while  Christianity  is  the  highest  and 
most  perfect  development  to  which  the  religious 
spirit  has  yet  attained,  it  differs  simply  in  de- 
gree of  development  from  any  other  religion. 
Notable  among  later  apologists  of  Christianity 
have  been  Paley  ( 'Natural  Theology* ),  Chal- 
mers ('Natural  Theology*),  Manscl,  Liddon 
and  others,  lecturers  of  the  Bampton  Founda- 
tion; in  Germany,  Luthardt,  Ewald,  Baumstark 
and  others.  The  evidence  of  the  miraculous  is 
not  so  much  insisted  on  as  it  was;  life  and  con- 
duct and  the  fruits  of  Christian  grace  make  a 
stronger  appeal  to  the  age.  Consult  Bruce, 
'Apologetics'  (London  1902);  Burton,  'Our 
Intellectual  Attitude  in  an  Age  of  Criticism* 
(Boston  1913)  ;  Fisher,  'Grounds  of  Theistic 
and  Christian  Belief*  (1883,  rev.  ed.,  1902); 
and  'Manual  of  Christian  Evidences'  (New 
York  1888)  ;  Foster,  'The  Finality  of  the 
Christian  Religion'  (Chicago  1906);  Garvie, 
'Handbook  of  Christian  Apologetics*  (New 
York  1913)  ;  Robbins,  'A  Christian  Apologetic* 
(London  1902)  ;  Rowland,  'The  Right  to  Be- 
lieve' (Boston  1909);  Stearns,  'Evidence  of 
Christian  Experience'  (New  York  1891).  See 
Apologetics ;  Christianity;  Higher  Criticism. 


Digitized  by  Google 


EVIL -EVOLUTION 


605 


EVIL,  King's.   See  Scrofula. 

EVIL,  Origin  of,  the  subject  of  extensive 
theological  and  philosophical  speculation.  The 
difficulty  of  the  question  lies  mainly  in  the  fact 
that  the  existence  of  evil  in  the  world  seems  in- 
consistent with  the  view  that  it  was  created  and 
is  maintained  by  an  omnipotent  and  beneficent 
creator.  The  various  theories  on  the  subject 
have  all  sought  to  elude  this  difficulty  cither  by 
the  supposition  of  some  principle  of  evil  equally 
eternal  with  that  of  good,  or  by  regarding  evil 
as  having  only  a  relative  existence,  being  a  kind 
of  good  in  an  imperfect  and  immature  stage. 
But  the  problem  remains  inscrutable  and  in- 
soluble. 

Perhaps  the  oldest  theory  on  this  subject  is 
that  of  Parsecism.  or  the  religion  of  Zoroaster, 
according  to  which  there  were  two  original  an- 
tagonistic principles,  one  good  (Ormazd)  and 
the  other  evil  (Ahriman).  This  is  the  doctrine 
that  is  now  very  often  spoken  of  as  Mani clue- 
ism  In  contradistinction  to  this  dualistic  theory 
with  reference  to  the  origin  of  evil  stand  the 
Monistic  theories  of  Brahmanism  and  Plato- 
nism.  According  to  the  Brahmanic  doctrine  of 
the  emanation  of  all  things  from  one  original 
being  (Brahma),  this  original  being  was  re- 
garded as  the  sole  true  existence,  and  the  phe- 
nomenal world,  with  all  the  evils  appearing  in 
it  was  held  to  be  mere  illusion.  Similarly  Plato 
held  that  the  good  was  the  essence  of  all  things, 
and  that  the  evil  and  imperfect  contained  in 
them  had  no  real  existence.  The  theory  enun- 
ciated by  Leibnitz  in  his  '  Theodicy'  ( 4 Vindica- 
tion of  God' )  resembles  that  of  Plato.  In  that 
work  he  assigns  to  the  evil  existing  in  the 
world  created  by  God,  which  he  holds  to  be  the 
best  of  all  possible  worlds,  a  merely  relative 
existence;  all  that  we  call  evil  is,  he  holds,  only 
evil  to  us  because  we  do  not  see  it  in  relation  to 
the  rest  of  the  universe,  for  in  relation  to  the 
universe  it  is  not  evil  but  good,  and  accordingly 
cannot  be  evil  in  its  own  nature.  The  tradi- 
tional Christian  account  of  the  origin  of  evil  is 
that  given  in  Genesis.  In  the  theology  based 
thereon,  Satan,  the  personal  principle  of  evil, 
differs  from  the  Zoroastrian  Ahriman  only  in 
not  being  co-ordinate  with  the  personal  prin- 
ciple of  good.  Consult  Orchard,  'Modern 
Theories  of  Sin'  (1911);  Rashdall,  •Theories 
of  Good  and  Evil'  (1907)  ;  Royce,  'Studies  of 
Good  and  Evil'  (1898). 

EVIL  EYE.   See  Superstition. 

EVIL-MERODACH,  evll-me-rc/dak.  king 
of  Babylonia  and  son  of  Nebuchadnezzar  II. 
He  reigned  for  less  than  a  year  in  561-560  b.c, 
and  was  put  to  death  by  his  brother  Neriglissar. 
His  name  has  been  found  on  some  contract 
tablets.  According  to  2  Kings  xxv,  27  he 
liberated  Jehoiachin,  king  of  Judah. 

EVOLUTE.  The  evohite  of  a  curve  is 
the  locus  of  its  centres  of  curvature.  The 
tangents  to  the  evolute  will  be  normals  to  the 
curve,  if  it  lies  in  a  plnnc,  and  principal  nor- 
mals, if  it  lies  in  a  three-dimensional  space,  so 
that  the  curve  may  be  traced  by  the  unwinding 
of  a  cord  stretched  along  its  evolute.  A  curve 
is  said  to  be  the  involute  of  its  evolute.  In 
general,  every  curve  has  an  infinitude  of  in- 
volutes. Different  involutes  of  the  same  curve 
are  said  to  be  parallel.  The  equation  of  the 
evolute  of  the  plane  curve  y  =  fcx  is  obtained 


by  eliminating  x  and  y  between  the  equation  of 
the  curve  and  x,—x—yi  £  '"^f'^'j .  V  >  —  I  + 
1  +  (y')» 
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In  the  geometry  of  surfaces,  the  so-called 
surface  of  centres  corresponds  to  the  evolute. 
This  consists  of  two  sneets,  corresponding 
respectively  to  the  centres  of  maximum  and 
minimum  curvature  of  the  various  points  of 
the  surface  with  reference  to  which  it  is 
described.   See  Curves;  Surfaces,  Theory  of. 

EVOLUTION.  See  Man,  Christian  An- 

THROKJIXKiY. 

EVOLUTION,  History  of.  In  travers- 
ing the  history  of  natural  science  as  in  travers- 
ing the  history  of  any  phase  of  human  thought 
and  activity,  we  seek  constantly  for  new  things, 
for  the  precise  time  of  the  discovery  of  the 
new  fact,  the  announcement  of  the  new  idea, 
the  formulation  of  the  new  understanding  or 
philosophy.  But  nothing  comes  wholly  new 
into  the  world ;  the  world  and  its  content  are 
all  the  result  of  development  and  growth.  So 
correspondingly  very  little  comes  wholly  new 
into  history ;  and  the  history  of  evolution  is  no 
exception  to  the  rule.  The  history  of  evolution 
clearly  reveals  that  the  evolution  idea  is  the 
result  of  a  long  evolution  itself ;  it  is  impossible 
to  say  just  when  the  idea  came  first  into  its 
more  primitive  form  of  being,  or  just  when  its 
principal  modifications  or  accretions  occurred, 
or  when  its  present  form  was  finally  determined. 
In  tracing  ihe  history  of  the  unfolding  of  the 
evolution  idea  we  shall  find  that  the  conspicuous 
achievements  in  connection  with  it  have  not 
been  the  discovery  of  absolute  newness,  but  the 
recognition  and  determination  and  general 
establishment  of  the  important  ideas  and  con- 
ception germs  among  the  host  offered. 

An  eminent  American  naturalist  has  defined 
three  stages  in  connection  with  the  discovery 
of  the  laws  of  science:  First,  a  stage  of  dim 
suggestion  and  pure  speculation  with  little  ref- 
erence to  facts;  second,  a  stage  of  the  statement 
of  a  working  hypothesis  to  explain  certain 
facts;  and,  third,  the  proof  or  demonstration 
of  the  law  by  facts.  These  stages  can  be  recog- 
nized in  the  history  of  evolution.  The  first 
corresponds  with  the  period  of  the  Greek  phi- 
losophers ;  the  second  with  the  post-Greek,  pre- 
Darwinian  period,  and  the  third  with  the 
Darwinian  and  post-Darwinian  period. 

The  evolution  theory  was  largely  anticipated, 
at  least  by  suggestion,  by  the  Greeks.  They 
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have  left  writings  that  can  easily  be  interpreted 
as  more  or  less  clearly  outlining  the  essential 
conception  of  organic  evolution.  Empedocles 
(493-435  b.c),  for  example,  who  has  been 
called  "the  father  of  the  evolution  idea,*  be- 
lieved in  spontaneous  generation  as  the  explana- 
tion of  the  origin  of  life,  and  he  believed  that 
different  forms  of  life  were  not  produced 
simultaneously.  Plant  life  came  first  and  animal 
life  only  after  a  long  scries  of  trials,  but  the 
origin  of  the  organisms  was  a  very  gradual 

Jrocess.  "All  organisms  arose  through  the 
ortuitous  play  of  the  two  great  forces  of 
nature  upon  the  four  elements.  Thus,  animals 
first  appeared  not  as  complete  individuals,  but 
as  heads  without  necks,  arms  without  shoulders, 
eyes  without  their  sockets.  As  a  result  of 
the  triumph  of  love  over  hate,  these  parts  be- 
gan to  seek  each  other  and  unite,  but  purely 
fortuitously.  Thus  out  of  this  confused  play 
of  bodies  all  kinds  of  accidental  and  extraor- 
dinary beings  arose."  But  the  unnatural 
products  soon  became  extinct  because  they  were 
not  capable  of  propagation.  After  the  ex- 
tinction of  these  monsters  other  forms  arose 
which  were  able  to  support  themselves  and 
multiply.  Thus,  if  one  cares  to,  one  may  see 
in  the  ideas  of  Empedocles  the  germ  of  the 
theory  of  the  survival  of  the  fittest,  or  natural 
selection. 

Aristotle  (384T322  b.c),  the  greatest  of  the 
Greek  natural  philosophers,  believed  in  a  com- 
plete gradation  in  nature,  a  progressive  de- 
velopment corresponding  with  the  progressive 
life  of  the  soul.  Nature,  he  says,  proceeds  con- 
stantly by  the  aid  of  gradual  transitions  from 
the  most  imperfect  to  the  most  perfect,  while 
the  numerous  analogies  which  we  find  in  various 
parts  of  the  animal  scale  show  that  all  is  gov- 
erned by  the  same  laws;  in  other  words,  nature 
is  a  unit  as  to  its  causation.  Man  is  the  highest 
point  of  one  long  and  continuous  ascent.  Aris- 
totle perceived  a  marvelous  adaptation  in  the 
arrangement  of  the  world,  and  felt  compelled 
to  assume  intelligent  design  as  the  primary 
cause  of  things.  Nothing,  he  held,  which  occurs 
regularly  can  be  the  result  of  accident.  Aris- 
totle rejected  the  crude  conception  of  Empe- 
docles of  the  survival  of  adapted,  and  the  ex- 
tinction of  unadaptcd,  beings.  "It  is  impossible 
that  these  adapted  parts  should  arise  in  this 
manner  [of  Empedocles)  ;  for  these  parts  and 
everything  which  is  produced  in  nature  are 
either  always,  or  for  the  most  part,  adaptivcly 
produced;  and  this  is  not  the  case  with  any- 
thing which  is  produced  by  fortune  or  chance 
even  as  it  docs  not  appear  to  be  fortune  or 
chance  that  it  frequently  rains  in  winter  .  .  . 
As  these  things  appear  to  be  either  by  chance 
or  to  be  for  some  purpose,  and  we  have  shown 
that  they  cannot  be  by  chance,  then  it  follows 
that  they  must  be  for  some  purpose.  There  is, 
therefore,  a  purpose  in  things  which  are  pro- 
duced by  and  exist  from  nature." 

The  Greeks,  taken  altogether,  suggested 
more  or  less  crudely  the  idea  of  the  gradual 
development  of  organisms,  the  idea  of  the 
elimination  of  mistakes  in  production,  and 
therefore  the  idea  of  the  survival  of  the  fittest, 
the  idea  of  the  adaptation  of  parts  or  the  fit- 
ness of  certain  structures  to  certain  ends,  the 
idea  of  intelligent  design  constantly  operating 
in  nature,  as  also  the  idea  of  nature'  being  con- 
trolled by  the  operation  of  natural  causes  due 


in  the  beginning  to  the  laws  of  chance.  After 
all,  however,  in  how  far  arc  we  justified  in 
reading  into  a  happy  suggestive  phrase  or 
sentence  of  any  Greek  speculative  thinker  a  real 
conception  of  that  idea  of  the  origin  and  de- 
velopment of  organic  nature  that  we  hold  to-day 
under  the  name  of  Evolution? 

Following  the  Greeks  the  evolution  idea  was 
left  in  the  hands  of  the  theologians,  natural 
philosophers  and  naturalists  of  the  long  period 
from  Augustine  (1st  century  ad.)  to  the  end 
of  the  17th  century,  a  period  chiefly  ruled  by 
the  Mosaic  interpretation  of  the  origin  of 
organic  life  and  its  variety.  Augustine,  him- 
self, large-minded  man  that  he  was,  gave  a 
liberal  and  naturalistic  interpretation  of  the 
Mosaic  record,  favoring  potential  rather  than 
special  creation  and  teaching  that  in  nature  we 
should  not  look  for  miracles,  but  taws.  But 
opposed  to  him  were  almost  all  the  other 
churchmen,  and  their  rigid  adherence  to  the 
Mosaic  interpretation  controlled  almost  all 
thinking  about  life  for  many  centuries.  The 
great  Evolution  idea  lay  practically  dead  from 
the  time  of  its  foreshadowings  by  the  Greeks 
until  the  time  of  the  speculative  natural  philoso- 
phers of  the  16th  and  17th  centuries. 

Bacon  (1561-1626)  pointed  out  the  evidence 
for  variation  in  animals  and  the  bearing  of  this 
upon  the  production  of  new  species  and  upon 
the  gradations  of  life  forms.  Descartes  (1596- 
1650)  advocated  a  strong  mechanistic  concep- 
tion of  the  physical  universe  and  all  life  within 
it.  Leibnitz  (1646-1716)  advocated  a  doctrine 
of  continuity  of  life  forms,  and  said  that  the 
different  classes  of  animals  are  so  connected  by 
gradatory  forms  that  it  was  practically  impos- 
sible either  by  observation  or  imagination  to 
determine  where  any  one  begins  or  ends.  These 
ideas  of  continuity  in  nature  were  also  reiterated 
and  strengthened  by  Spinoza,  Pascal  and  New- 
ton. It  is  interesting  to  note  that  all  these  con- 
tributions to  the  establishment  of  the  evolution 
idea  came  from  the  speculative  natural  philoso- 
phers rather  than  from  the  naturalists. 

Chief  among  all  the  natural  philosophers 
who  have  attempted  to  express  the  early  idea  of 
evolution  was  Kant  (1724-1804),  but  he  was 
staggered  by  the  thought  that  any  human  in- 
vestigation could  ever  reach  an  understanding 
of  the  laws  which  have  governed  the  derivation 
of  all  organic  beings  from  the  lowest  up  to  man. 
•It  is  quite  certain,"  he  wrote,  "that  we  cannot 
become  sufficiently  acquainted  with  organized 
creatures  and  their  hidden  potentialities  by  the 
aid  of  purely  mechanical  natural  principles, 
much  less  can  we  explain  them ;  and  this  is  so 
certain,  that  we  may  boldly  assert  that  it  is 
absurd  for  man  even  to  conceive  such  an  idea, 
or  to  hope  that  a  Newton  may  one  day  arise 
even  to  make  the  production  of  a  blade  of 
grass  comprehensible,  according  to  natural  laws 
ordained  by  no  intention.  Such  an  insight  we 
must  absolutely  deny  to  man.5* 

However,  certain  naturalists  of  the  17th 
and  18th  centuries  did  make  their  contribu- 
tions of  fact,  or  alleged  fact,  to  the  evolu- 
tion idea.  For  example  Bonnet  (1720-93), 
who  is  reputed  to  be  the  author  of  the 
term  "Evolution"  in  connection  with  the  de- 
velopment of  life,  is  famous  for  his  extraor- 
dinary "encasement  theory*  of  embryology,  ac- 
cording to  which  all  the  future  progeny  and 
successive  after-generations  derived   from  a 
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female  animal  existed  in  miniature  in  the  eggs 
in  her  body,  with  lesser  eggs  within  the  minia- 
ture young,  containing  the  next  generation,  and 
so  on  ad  infinitum. 

But  it  is  with  the  great  French  naturalist 
Buffon  (1707-88)  that  the  real  contribution  of 
naturalists  to  and  participation  in  the  develop- 
ment of  the  evolution  idea  importantly  begins. 
He  has,  indeed,  been  called  by  Osborn  the 
naturalist  founder  of  the  modem  applied  form 
of  the  evolution  theory.  But  with  other  his- 
torians of  evolution,  he  has  no  such  standing. 
Radl,  for  example,  says  that  "the  best  thing 
about  Buffon  is  his  style."  However  it  may 
truthfully  be  said  of  him  that  he  was  the  first 
great  naturalist  to  point  out  on  a  broad  scale 
the  mutability  of  species  in  relation  to  changes 
of  environment.  Very  early  in  his  studies  of 
comparative  anatomy  he  found  difficulty  in  the 
special  creation  theory.  "The  pig  does  not  ap- 
pear to  have  been  formed  upon  an  original 
special  and  perfect  plan  since  it  is  a  compound 
of  other  animals.  It  has  evidently  useless  parts, 
or  rather  parts  of  which  it  cannot  make  any 
use,  toes,  the  bones  of  which  arc  perfectly 
formed  and  which  nevertheless  are  of  no 
service  to  it.  Nature  is  far  from  subjecting 
herself  to  final  causes  in  the  formation  of  her 
ocatures*  Buffon  believed  in  the  direct  modi- 
fying Influence  of  environment.  "How  many 
species,  being  perfected  or  degenerated  by  the 
great  changes  in  land  and  sea,  by  the  favors 
or  disfavors  of  nature,  by  food,  by  the  pro- 
longed influence  of  climate,  are  no  longer  what 
they  formerly  were.9  He  also  fairly  clearly 
expressed  the  conception  of  a  struggle  for  ex- 
istence, an  elimination  of  the  least-perfected 
species  and  a  contest  between  the  fecundity  of 
certain  species  and  their  constant  destruction. 
This  is  anticipating  more  or  less  definitely  the 
prodigality  of  production  ideas  of  Malthus,  and 
the  natural  selection  doctrine  of  Darwin.  But 
he  was  not  of  the  stuff  of  which  martyrs  are 
made.  When  the  authorities  _  of  _  the  Church 
called  for  an  explanation  of  his  views  he  said : 
"I  declare  that  I  have  had  no  intention  of 
denying  the  Holy  Writ;  I  declare  that  I  firmly 
believe  all  that  is  written  there  concerning  crea- 
tion, as  well  concerning  the  time  as  the  pro- 
cedure; and  I  willingly  retract  whatever  is  in 
my  book  that  in  any  way  is  contradictory  of 
the  Mosaic  relation,  as  I  hold  my  hypothesis 
concerning  the  formation  of  the  earth  and  other 
planets  as  a  purely  philosophical  conception.* 

It  is  interesting  to  note  the  fact  that  another 
great  naturalist,  Linnaeus,  exactly  contempo- 
raneous with  Buffon,  a  botanist,  and  the  first 
great  systematist  or  classifier  of  organisms,  was 
an  absolute  believer  in  the  fixity  of  species. 
Species  were,  in  his  mind,  the  units  of  direct 
creation;  each  specks  bore  the  impression  of 
the  thought  of  the  Creator  in  all  its  structure 
and  functions.  Later  in  his  life  Linna-us  did 
give  up,  in  some  little  measure,  this  idea  of  the 
special  Divine  creation  and  absolute  fixity  of 
species.  "All  the  species  of  one  genus,19  he 
wrote  before  his  death,  "constituted  at  first  a 
single  species,  but  this  subsequently  became 
multiplied  by  hybrid  generations,  that  is,  by  in- 
tercrossing with  other  original  species." 

Following  Buffon,  the  next  two  most  im- 
portant names  to  be  mentioned  in  connection 
with  the  history  of  evolution  arc  those  of 
Erasmus  Darwin   (1731-1802),  and  Lamarck 


(1744-1829).  Erasmus  Darwin  was  a  poet  and 
naturalist,  and  the  grandfather  of  Charles  Dar- 
win. He  was,  in  his  late  years  at  least,  a  firm 
evolutionist,  with  conceptions  concerning  the 
factors  or  causes  of  evolution  strangely  like  those 
afterward  proclaimed  by  Lamarck,  and  quite 
opposed  to  those  chiefly  insisted  on  by  Charles 
Darwin.  After  stating  his  belief  that  all 
organisms  have  been  produced  by  "one  and  the 
same  kind  of  living  filament,8  and  setting  out 
strong  arguments  for  the  mutability  of  species, 
he  says :  "All  animals  undergo  transformations 
which  are  in  part  produced  by  their  own  exer- 
tions, in  response  to  pleasures  and  pains,  and 
many  of  these  acquired  forms  or  propensities 
are  transmitted  to  >heir  posterity."  This,  ac- 
cording to  Osborn,  is  the  first  clear  and  defi- 
nite statement  of  the  theory  of  the  transmission 
of  acquired  characters  as  a  factor  of  evolution. 
He  provides  against  the  charge  of  irreverence 
in  substituting  evolution  for  special  creation  by 
saying:  "If  we  may  compare  infinities,  it  would 
seem  to  require  a  greater  infinity  or  power  to 
cause  the  causes  of  effects,  than  to  cause  the 
effects  themselves:  that  is  to  establish  the  laws 
of  creation  rather  than  to  directly  create." 

Lamarck  may  fairly  be  called  the  first  to  set 
out  in  detail  a  full  and  logical  theory  of  descent 
with  explanations  of  the  causes  of  this  descent. 
With  full  justice  he  is  referred  to  as  the  most 
prominent  figure  in  the  history  of  evolution  be- 
tween the  Greeks  and  Charles  Darwin.  But  no 
one  has  been  more  misunderstood  nor  judged 
with  more  partiality  by  over  or  under  praise. 
He  had  as  contemporaneous  antagonist  the 
great  anatomist  Cuvier  (1769-1832)  who  gave 
all  the  heavy  weight  of  his  name  and  position 
to  the  attack  on  the  Lamarckian  doctrines  in 
particular  and  evolution  in  general.  Indeed, 
Cuvier,  though  he  added  enormously  to  our 
knowledge  of  comparative  anatomy,  almost  as 
enormously  hindered  the  progress  and  post- 
poned the  acceptance  of  the  evolution  theory, 
which  actually  finds  a  large  part  of  its  proof  in 
the  facts  of  comparative  anatomy. 

Lamarck's  exposition  of  the  evolution  theory 
and  particularly  of  its  causes,  with  the  great 
stress  laid  upon  the  principle  of  the  inheritance 
of  acquired  characters,  and  hence  the  all-import- 
ant influence  and  effect  of  varying  environment 
in  the  modification  of  species,  has  come  to  be 
known  in  evolution  literature  as  "Lamarckism" 
in  contrast  with  "Darwinism,"  or  Charles  Dar- 
win's contribution  with  its  special  emphasis  on 
natural  selection  as  the  explanation  of  the 
''origin  of  species.*  "Darwinism"  is  too  often 
popularly  used  synonomously  with  evolution, 
but  it  should  not  be  so  used.  "Darwinism"  is 
a  convenient  inclusive  name  for  Darwin's  ex- 
planations of  evolution;  his  theories  of  natural 
and  sexual  selection. 

Contemporary  with  Lamarck  were  Goethe 
(1749-1832)  who  contributed  somewhat  to  the 
evolution  theory  by  his  studies  and  generaliza- 
tions on  the  metamorphosis  of  plants  and  the 
vertebrate  theory  of  the  skull,  and  Saint  Hilaire 
(1772-1844)  who  maintained  insistently  the 
truth  of  the  evolution  theory,  then  being  ob- 
scured by  the  antagonism  of  Cuvier,  but  who 
denied  the  inherited  influences  of  habit,  holding 
that  the  direct  modifying  action  of  environment 
on  organisms  was  the  sole  cause  of  species- 
forming. 

But  it  was  Charles  Darwin  (1809-82)  who 
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was  first  able  to  restore  and  extend  enor- 
mously the  prestige  of  the  evolution  conception. 
This  was  due  first  to  his  tremendous  marshal- 
ing of  facts  to  support  it,  and,  second,  to  his 
contribution  of  a  new,  or  practically  new, 
causo-mcchanical  explanation  of  species  change, 
or,  as  usually  expressed,  "origin  of  species.*  It 
is  Darwin's  great  merit  to  have  wholly  re-estab- 
lished the  theory  of  descent  and  to  have  offered 
the  first  explanation  of  it  that  made  a  really 
winning  appeal  to  biologists  generally.  It  was 
also  his  fortune  to  bring  the  evolution  concep- 
tion home  to  the  people.  Up  to  the  publication 
of  his  (Origin  of  Species'  (1859)  but  few  per- 
sons believed  in  evolution,  and  the  great  mass 
of  the  people  knew  nothing  about  it. 

Part  of  the  general  acceptance  of  Darwin's 
ideas  was  due  to  the  polemic  ability  of  various 
immediate  friends  and  champions  of  Darwinism 
among  contemporary  naturalists.  Intimately 
associated  with  Darwin  and  his  presentation  of 
the  natural  selection  theory  were  such  men  as 
Huxley,  Lyell,  Asa  Gray,  Agassiz  and  others. 
Huxley,  Lyell  and  Asa  Gray  were  adherents 
and  defenders  of  Darwinism,  while  Agassiz  was 
among  the  more  conspicuous  of  the  antagonists. 
The  actual  weight  of  personal  debate  and  po- 
lemic struggle  on  behalf  of  Darwin  fell  largely 
on  Huxley.  It  could  have  rested  in  no  better 
hands.  Despite  the  fact  that  the  time  was  ripe 
for  Darwin,  and  despite  his  extraordinary  mass- 
ing of  facts,  and  his  marvelous  anticipations 
and  refutations  of  criticisms,  the  swift  winning 
of  the  acceptance  of  Darwinism  was  largely  due 
to  the  championship  of  Huxley.  Haeckel,  the 
great  zoologist  and  bold  speculative  monist  phi- 
losopher of  Jena,  was  the  principal  continental 
contemporary  champion  of  Darwinism. 

A  curious  incident  in  the  history  of  the  Dar- 
winian evolution  exposition  and  explanation  is 
that  of  the  extraordinary  coincidence  of  the 
formulation  of  the  natural  selection  theory  by 
Alfred  Russel  Wallace  at  the  very  same  time 
of  its  utterance  by  Darwin.  As  a  matter  of 
fact  both  men  published  papers  formulating  this 
theory  in  1858  in  a  single  number  of  the  Jour- 
nal of  the  Linnaran  Society  The  name  of 
Wells  (1813),  Matthews  (1831)  and  Nandin 
(1852),  are  often  mentioned  as  those  of  men 
who  anticipated  in  some  measure,  at  the  various 
dates  indicated,  Darwin's  utterance  of  the  selec- 
tion theory,  by  more  or  less  clear  statements  of 
its  essence,  but  none  of  them  carried  conviction 
to  the  world. 

The  post-Darwinian  history  of  evolution  has 
chiefly  to  do  with  the  further  development  of 
the  Darwinian  theories,  together  with  the  rise 
of  the  so-called  "mutations  theory*  of  species 
origin,  associated  with  the  name  of  Dc  Vries, 
as  an  addition  to  Lamarck's  and  Darwin's  ex- 
planations, and  the  stressing  of  the  significance 
of  the  new  knowledge  of  heredity,  beginning 
with  the  discovery  by  present-day  biologists  of 
the  experimental  work  and  conclusions  of  Men- 
del, achieved  some  30  years  prior  to  their  com- 
ing to  be  generally  known.  But  as  these  later 
developments  are  treated  in  some  detail,  to- 
gether with  Lamarck's  and  Darwin's  own  the- 
ories, in  an  article  elsewhere  in  this  work 
(see  Evolution.  Theories  of),  this  sketch 
of  the  history  of  evolution  may  suitably  close 
with  the  period  of  Charles  Darwin.  The  pres- 
ent status  of  the  evolution  conception  is  still 
that  so  solidly  established  by  Darwin  and  his 


contemporaries.  As  to  the  explanations,  or 
factors,  of  evolution,  also,  Darwin's  still  hold 
chief  place,  especially  in  the  minds  of  the  mass 
of  the  generally  educated  people.  Among  biol- 
ogists, however,  there  is  a  growing  tendency  to 
see  in  the  Darwinian  selection  theories  many 
difficulties  formerly  unperceived,  and  to  cast 
about  for  other  aiding  or  even  possibly  replac- 
ing theories. 
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EVOLUTION,  Theories  of.  In  any  con- 
sideration of  the  •theories  of  evolution*  there 
must  be  kept  clearly  in  mind  the  distinction  be- 
tween conceptions  or  theories  of  the  origin  or 
transformation  of  species  and  of  plant  and  ani- 
mal descent  generally,  and  theories  offering  ex- 
planations of  the  causes  and  controls  of  this 
species,  origin  and  descent.  The  first  is  the 
evolution  conception  proper,  and  should  be 
what  is  primarily  meant  when  the  term  evolu- 
tion is  used  alone.  We  could  still  believe  in 
evolution,  and  recognize  it  as  a  great  scientific 
fact,  even  if  we  had  no  wholly  clear  or  gener- 
ally accepted  understanding  of  the  causes  that 
bring  it  about  and  the  influences  that  control  it. 
In  fact,  that  is  not  far  from  being  the  actual 
situation  to-day. 

But  in  common  usage,  and  in  many  books, 
the  fact,  or  theory,  of  evolution,  and  the  facts 
and  theories  of  the  causes  of  evolution  are  not 
differentiated.  In  the  minds  of  naturalists, 
however,  the  distinction  is  usually  maintained, 
and  it  would  be  oi  great  advantage  if  it  were 
more  widely  and  popularly  made.  For  the  evo- 
lution conception  itself  is  no  longer  a  debated 
question,  whereas  the  particular  methods  and, 
above  all,  the  so-called  factors,  or  initiating  and 
guiding  causes  of  evolution,  are  still  open  to 
debate,  and,  indeed,  are  continuously  and  vigor- 
ously debated.  When  one  reads  of  disagree- 
ments among  biologists  concerning  the  merits 
of  «Darwinism,»  it  is  not  a  disagreement  con- 
cerning the  fact  of  evolution,  for  which  the 
term  "Darwinism*  is  too  often  synonymously 
used  in  popular  writing  and  speaking,  but  it  is 
a  disagreement  concerning  the  value  of  Charles 
Darwin's  explanation  of  the  causes  of  evolution, 
namely,  his  theories  of  natural  and  sexual  selec- 
tion. 

However  it  is  hardly  possible  to  consider  the 
general  theory  of  evolution  apart  from  theories 
of  its  cause  and  control,  and  the  subject  of  this 
article,  which  for  the  sake  of  brevity,  is  written 
simply  as  "theories  of  _  evolution,*  is  really 
meant  to  cover  a  discussion  of  theories  which 
explain  evolution ;  how  it  comes  to  be,  what  its 
methods  are,  and  what  are  its  causal  factors. 

In  earlier  days,  the  days  of  the  Greeks  and 
the  later  churchmen  and  natural  philosophers 
of  the  middle  centuries,  there  were  various  dif- 
ferent theories  of  evolution,  if  the  incomplete 
and  often  fantastic  speculations  of  these  times 
can  be  called  theories.  Some  of  these  are  out- 
lined in  the  article  Evolution,  History  or.  But 
the  real  struggle  from  the  beginning  of  serious 
thinking  about  the  multitude  and  variety  of 
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plant  and  animal  forms  up  to  the  time  of  th( 
publication  of  Darwin's  'Origin  of  Species' 
(1850)  and  the  few  years  thereafter,  when  its 
heretical  doctrine  was  getting  firmly  established 
among  scientific  and  educated  men  the  world 
over,  was  between  the  believers  in  special 
creation  of  all  these  forms  and  believers  in 
their  origin  by  evolution. 

To-day  there  is  not  a  biologist  of  standing 
who  does  not  accept  the  theory,  or  better,  fact, 
of  evolution.  And  the  great  majority  of  all 
people  who  think  about  the  matter  at  all  also 
accept  this  once  ultra-herelical  and  scoffed-at 
doctrine. 

The  explanatory  theories  of  evolution  are 
numerous;  some  of  them  are  not  readily  dis- 
tinguishable from  one  another;  they  overlap 
more  or  less;  but  a  number  of  fairly  well-con- 
trasted different  theories  can  be  made  out  when 
careful  analysis  is  made  of  the  whole  group. 
Each  of  these  is  distinguished  by  the  emphasis 
which  it  gives  to  some  one  factor  and  the  sub- 
ordination or  even  total  rejection  of  other  fac- 
tors particularly  stressed  in  other  theories. 

These  various  distinguishable  theories  can 
be  grouped  into  several  categories,  such  as  those 
which  arc  essentially  vitalistic  as  compared  with 
those  essentially  mechanistic  in  their  explana- 
tion ;  or  those  which  envisage  species-forming 
as  proceeding  by  little  leaps  as  contrasted  with 
those  which  assume  perfect  gradation  and  conti- 
nuity in  species.  Some  of  the  theories  are 
based  on  the  assumption  of  individual  change  in 
response  to  the  environment  and  personal  habit, 
and  the  inheritance  of  these  "acquired  charac- 
ters." Others  reject  this  possibility  i'«  toto,  or 
partially,  and  stress  the  effect  of  a  selection 
among  strictly  germinal  inheritable  variations 
based  on  a  rigorous  struggle  for  existence 
which  extinguishes  the  possessors  of  disadvan- 
tageous variations  and  preserves  the  lucky  pos- 
sessors of  advantageous  ones,  thus  leaving  only 
these  latter  to  leave  progeny,  which  will  natu- 
rally inherit  the  fortunate  characteristics  of  the 
parents.  Some  sec  the  germinal  variations, 
which  in  all  modern  theories  are  the  basic  ele- 
ments of  evolution,  produced  purely  by  chance, 
while  others  see  them  as  the  determined  re- 
sults of  the  influence  of  an  inner  directing 
force,  or  of  the  outer  environment. 

Only  the  more  important  and  more  strongly 
contrasted  of  these  theories  need  be  described. 
For  most  are  but  changes  rung  on  a  few  prin- 
cipal themes.  Lamarckism  and  Neo-Lamarck- 
ism  as  contrasted  with  Darwinism  and  Neo- 
Darwinism;  Vitalism  as  contrasted  with  the 
Mcchanicalism ;  and  Chance  as  contrasted  with 
Determinism;  these  are  the  chief  points  that 
need  to  be  taken  into  account  in  differentiating 
the  various  explanations  of  the  phenomena  of 
organic  evolution. 

Despite  the  suggestiveness  of  the  many  Evo- 
lution and  Evolution-explaining  speculations 
made  by  various  natural  philosophers  and  nat- 
uralists before  the  beginning  of  the  19th  cen- 
tury, it  was  not  until  Lamarck,  in  the  very  first 
years  of  said  century,  began  to  express  his  view 
of  evolution  and  its  causes,  that  a  full  and  logi- 
cally constructed  evolution  theory  may  be  said 
to  have  been  formulated.  The  nearest  approach 
to  such  an  earlier  formulation  was  that  made 
in  the  late  years  of  the  18th  century'  by  Erasmus 
Darwin,  grandfather  of  Charles  Darwin.  *A 
rapid  run  through  the  later  writings  of  Dr.  Dar- 
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win,*  says  Clodd.  "shows  that  there  is  scarcely 
a  side  of  the  great  theory  of  evolution  which 
has  escaped  his  notice  or  suggestive  comment.* 
While  Grant  Allen  notes  that  the  theory  of  nat- 
ural selection,  which  was  Charles  Darwin's 
great  contribution  to  the  evolution  conception, 
was  the  only  cardinal  one  in  the  evolutionary 
system  on  which  Erasmus  Darwin  did  not  actu- 
ally forestall  his  more  famous  and  greater 
grandson. 

Lamarck  and  the  Lamarckian  Theories. — 

Jean-Baptiste-Picrrc-Antoine  de  Monet,  Cheva- 
lier dc  Lamarck,  born  in  1744  in  the  village  of 
Bazentin  in  Picardy  (northeast  France),  was 
in  1800  professor  of  invertebrate  zoology  in  the 
Museum  of  Natural  History  in  Paris.  He  had 
previously  been  for  many  years  keeper  of  the 
herbarium  in  the  Museum.  He  was,  therefore 
well  grounded  in  the  facts  of  both  botany  and 
zoology,  and  he  had  a  philosophical  mind, 
which,  in  the  face  of  the  facts  of  science 
learned  by  him,  compelled  him  to  turn  from 
the  orthodox  view  of  creation  by  special  de- 
sign and  act  to  the  heretical  one  of  evolution. 
In  the  opening  lecture  of  his  professional 
course  in  the  year  1800  he  outlined  his  views 
and  his  theory  of  the  method  and  cause  of 
evolution.  Later  he  exposed  his  theory  at 
length  and  in  full  detail  in  his  famous  'Philo- 
sophic Zoologique'  (1809). 

The  essential  feature  in  the  explanation  of 
descent  conceived  and  uttered  by  Lamarck  is 
the  inheritance  of  acquired  variations.  Lamarck 
was  convinced,  first,  of  the  certainty  that 
species  vary  under  changed  external  influences, 
second,  that  there  is  a  fundamental  unity  in 
the  animal  kingdom,  and,  third,  that  there  is 
a  progressive  development.  The  main  influences 
that  tend  to  change  species  come  under  the  law 
of  use  and  disuse,  for  he  believed  that  nature 
docs  not  effect  her  changes  directly  (Buffon's 
belief)  but  through  the  reaction  of  animals  to 
their  environment.  I-amarck  denied,  absolutely, 
the  existence  of  any  perfecting  tendency  in 
nature,  and  regarded  evolution  as  the  final 
necessary  effect  of  surrounding  conditions  on 
life. 

Thus,  instead  of  suggesting  that  animals  had 
been  created  for  a  certain  mode  of  life,  he 
supposed  that  their  mode  of  life  had  itself 
created  them.  "In  considering  the  natural  order 
of  animals,  the  very  positive  gradation  which 
exists  in  their  structure,  organization,  and  in 
the  number  as  well  as  the  perfection  of  their 
faculties,  is  very  far  removed  from  being  a 
new  truth,  because  the  Greeks  themselves  fully 
perceived  it;  but  they  were  unable  to  expose  the 
processes  and  proofs  of  this  evolution  because 
they  lacked  the  knowledge  necessary  to  establish 
it  In  consideration  of  this  gradation  of  life, 
there  are  only  two  conclusions  which  face  us  as 
to  origin:  The  conclusion  adopted  up  to  to-day: 
Nature  (or  its  Author)  in  creating  animals  has 
foreseen  all  possible  sorts  of  circumstances  in 
which  they  would  be  destined  to  live,  and  has 
given  to  each  species  a  constant  organization, 
as  well  as  the  form,  determined  and  invariable 
in  its  parts,  which  forces  each  species  to  live 
in  the  places  and  climates  where  it  is  found,  and 
there  preserve  the  habits  which  we  know  belong 
to  it.  My  personal  conclusion:  Nature,  in 
producing  successfully  all  the  species  of  animals, 
and  commencing  by  the  most  imperfect  or  the 
most  simple  to  conclude  its  labor  in  the  most 
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perfect,  has  gradually  completed  our  organiza- 
tion ;  and  of  these  animals,  while  spreading 
generally  in  all  the  habitable  regions  of  the 
globe,  each  species  has  received,  under  the  in- 
fluence of  the  environment  which  it  has  en- 
countered, the  habits  which  wc  recognize  and 
the  modifications  in  its  parts  which  observation 
reveals  in  it.* 

The  following  is  Lamarck's  statement  or 
explanation  of  the  causes  of  this  descent: 
"First  Law :  Life  by  its  internal  forces  tends 
continually  to  increase  the  volume  of  every  body 
that  possesses  it,  as  well  as  to  increase  the  size 
of  all  the  parts  of  the  body  up  to  a  limit  which 
it  brings  about.  Second  Law :  The  production 
of  a  new  organ  or  part  results  from  a  new  need 
or  want,  which  continues  to  be  felt,  and  from 
the  new  movement  which  this  need  initiates 
and  causes  to  continue.  Third  Law:  The  de- 
velopment of  organs  and  their  force  or  power 
of  action  are  always  in  direct  relation  to  the 
employment  of  these  organs.  In  every  animal 
which  has  not  passed  the  term  of  its  develop- 
ment the  more  frequent  and  sustained  employ- 
ment of  each  organ  strengthens  little  by  little 
this  organ,  develops  it,  increases  it  in  size,  and 
gives  it  a  power  proportioned  to  the  length  of 
its  employment ;  whereas  the  constant  lack  of 
use  of  the  same  organ  insensibly  weakens  it, 
deteriorates  it,  progressively  diminishes  its 
powers  and  ends  by  causing  it  to  disappear. 
Fourth  Law:  All  that  has  been  acquired  or 
altered  in  the  organization  of  individuals  dur- 
ing their  life  is  preserved  by  generation  (hered- 
ity), and  transmitted  to  individuals  which 
proceed  from  those  wrhich  have  undergone 
these  changes." 

Neo-Lamarckian  Theories. —  Lamarck's 
theory  was  a  simple  and  well-constructed  one, 
and  one  which,  if  based  on  established  fact, 
would  furnish  the  most  satisfying  explanation 
of  evolution  yet  offered.  But  its  great  fault  is 
that  the  basic  assumption  in  the  theory  is  not 
an  established  fact;  indeed,  it  seems  to  he  just 
opposed  to  the  facts.  Despite  a  few  plausible 
cases,  about  which  a  great  storm  of  argument 
has  raged  —  for  example,  the  famous  contro- 
versy in  1893  and  1894,  in  the  Contemporary  Re- 
view, between  Herbert  Spencer,  champion  of 
Lamarckism,  and  August  Weismann,  its  most 
destructive  antagonist  —  most  naturalists  agree 
that  the  known  facts  of  inheritance  not  only 
do  not  support  but  strongly  deny  the  La- 
marckian  assumption  of  the  heritability  of  char- 
acters acquired  by  an  individual  in  its  lifetime 
by  reaction  to  environment,  use  or  disuse  of 
parts,  and  personal  habit. 

And  vet  there  have  always  been,  and  are  to- 
day, biologists  of  the  very  first  class  who  be- 
Kevc  in  most  of  the  essentials  of  the  La- 
marckian  explanation  of  evolution  as  opposed 
to  the  Darwinian.  Their  principal  reasons  for 
this  belief  are ;  First,  the  radical  assumptions  as 
to  almost  limitless  time,  rigor  of  the  struggle 
for  existence  and  actual  validity  of  the  minute, 
fortuitous,  germinal  variations  as  determining 
elements  in  this  struggle,  and  the  necessary  ex- 
treme variety  of  these  variations,  that  have  to 
be  made  in  connection  with  Darwin's  selection 
explanation  in  order  to  get  such  results  out  of 
chnnre  as  arc  revealed  in  the  extraordinarily 
fin<:  and  perfect  adaptations  of  plants  and 
animals  to  their  environment. 

Second,  it  has  been  shown  by  the  experi- 


ments of  Klebs,  Tower  and  others,  that  the 
environment  can  sometimes  affect  the  germ- 
cells,  and  that  when  it  docs  it  can  actually  pro- 
duce changes  in  the  next  generation  that  are 
inheritable,  although  it  must  be  said  that  these 
changes  are  not  necessarily  adaptive. 

Third,  it  is  a  fact  of  familiar  observation 
that  the  adaptations  of  species  are  often  almost 
exactly  of  the  same  character  as  the  changes 
that  are  produced  in  individuals  by  their  im- 
mediate reaction  to  environment  conditions,  and 
on  this  the  assumption  is  made  that  despite  our 
lack  of  any  knowledge  of  how  this  individual 
change  is  impressed  on  the  germ-cells,  and  even 
in  face  of  our  greatly  advanced  understanding 
of  the  mechanism  of  inheritance,  almost  all  of 
which  goes  to  indicate  the  independence  of  the 
germ-cells  from  external  influences  affecting 
the  body-cells,  this  parallelism  must  in  some 
way  be  the  result  of  an  inheritance  of  acquired 
characters. 

For  these  reasons  and  others,  therefore, 
there  is  a  school  of  biologists,  who  may  be 
called  Neo-Lamarckians,  which  is  busy  formu- 
lating modifications  of  the  old  Lamarckian 
theory  to  make  it  fit  our  more  recent  knowledge 
of  facts. 

Charles  Darwin  and  the  Darwinian  Theo- 
ries.— In  a  paper  presented  to  the  Limuran 
Society  of  London  in  1858,  and  far  more  fully 
and  elaborately  in  the  'Origin  of  Snecics'  nub- 
lished  in  1859.'  Charles  Darwin,  born  in  1809,  in 
Shrewsbury,  England,  and  bearing,  without  any 
question,  the  most  distinguished  name  in  all 
the  long  roll  of  names  associated  with  the 
evolution  conception,  presented  an  explanatory 
theory  of  species- forming  and  descent  which  is 
best  known  as  the  Selection  Theory. 

This  Darwinian  explanation  rests  on  certain 
observed  facts  and  certain  inductions  from 
these  facts.  The  observed  facts  are:  (1)  the 
increase  by  multiplication  in  geometricil  ratio 
of  the  individuals  in  every  species,  whatever 
the  k:nd  of  reproduction  which  may  be  peculiar 
to  each  species;  (2)  the  always  apparent  slight 
(to  greater)  variation  in  form  and  function  ex- 
isting among  all  individuals  even  though  of 
the  same  generation  or  brood;  and  (3)  the 
transmission,  with  these  inevitable  slight  varia- 
tions, by  the  parent  to  its  offspring  of  a  form 
and  physiology  essentially  like  the  parental. 
The  inferred  (also  partly  observed)  facts  are: 
(1)  a  lack  of  food  and  room  for  all  these  new 
individuals  produced  by  geometrical  multiplica- 
tion, "  and  consequently  a  competition  (active 
or  passive)  among  those  individuals  having 
any  oncologic  relations  to  one  another,  as,  for 
example,  among  those  occupying  the  same  local- 
ity, or  needing  the  same  food;  (2)  the  probable 
success  in  this  competition  of  those  individuals 
whose  slight  differences  (variations)  arc  of 
such  a  nature  as  to  give  them  an  advantage 
over  their  confreres,  which  results  in  saving 
their  lives,  at  least  unt:l  they  have  produced 
offspring;  and  (3)  the  fact  that  these  'saved* 
individuals  will,  bv  virtue  of  the  already  re- 
ferred to  action  of  heredity,  hand  down  to  the 
offspring  their  advantageous  condition  of 
structure  and  physiology. 

The  competition  among  individuals  and  kinds 
(species)  of  organisms  mav  fairly  be  called 
a  strucrele.  This  is  obvious  when  it  is  active,  as 
in  actual  personal  battlinsr  for  a  piece  of  food 
or  in  attempts  to  capture  prey  or  to  escape 
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capture,  and  less  obvious  when  it  is  passive,  as 
in  the  endurance  of  stress  of  weather,  hun- 
ger, thirst  and  untoward  conditions  of  any 
kind.  The  struggle  is,  or  may  be,  for  each 
individual  threefold  in  nature :  ( 1 )  an  active 
struggle  or  competition  with  other  individuals 
of  its  own  kind,  for  space  in  the  habitat,  suf- 
ficient share  of  the  food,  and  opportunity  to 
produce  offspring  in  the  way  peculiar  and  com- 
mon to  its  species;  (2)  an  active  or  passive 
struggle  or  competition  with  the  individuals  of 
other  species  which  may  need  the  same  space 
and  food  as  itself,  or  may  need  it  or  its  eggs 
or  young  for  food,  and  (3)  an  active  (or 
more  usually  passive)  struggle  with  the  physico- 
chemical  external  conditions  of  the  world  it 
lives  in,  as  varying  temperature  and  humidity, 
storms  and  floods  and  natural  catastrophes  of 
all  sorts. 

The  resultant  of  these  existing  conditions  is, 
according  to  Darwin  and  his  followers,  an  in- 
evitable natural  selection  of  individuals  and  of 
species.  Thousands  must  die  where  a  few  may 
live  to  maturity  (i.e.,  to  the  time  of  producing 
young).  Which  10,  say,  of  the  thousand 
shall  live  depends  on  the  slight  but  sufficient 
advantage  possessed  by  10  individuals  in  the 
complex  struggle  for  existence  due  to  the 
fortuitous  possession  of  fortunate  congenital 
differences  (variations).  The  990  with  unfor- 
tunate congenital  variations  arc  extinguished  in 
the  struggle  and  with  them  the  opportunity  for 
the  perpetuation  (by  transmission  to  offspring) 
of  their  particular  variations.  The  offspring  of 
the  10,  of  course,  will  vary  in  their  turn,  but 
will  vary  around  the  new  and  already  proved 
advantageous  parental  condition :  among  the 
thousand,  say,  offspring  of  the  original  saved 
10  the  same  limitations  of  space  and  food  will 
again  work  to  the  killing  off  before  maturity  of 
990,  leaving  the  10  best  equipped  to  reproduce. 
This  repeated  and  intensive  selection  leads  to  a 
slow  but  steady  and  certain  modification, 
through  the  successive  generations,  of  the  form 
and  functions  of  the  species;  a  modification 
always  toward  adaptation,  toward  fitness,  to- 
ward a  moulding  of  the  body  and  its  behavior 
to  safe  conformity  with  external  conditions. 
The  exquisite  adaptation  of  the  parts  and  func- 
tions of  the  animal  and  plant  as  we  see  it  every 
day  to  our  infinite  admiration  and  wonder  has 
all  come  to  exist  through  the  purely  mechanical, 
inevitable  weeding  out  and  selecting  by  nature 
(by  the  environmental  determining  of  what 
may  and  what  may  not  live)  through  uncounted 
generations  of  unrcckonablc  time. 

Associated  with  this  theory  of  natural 
selection  Darwin  also  advanced  a  thcorv  to  ac- 
count for  the  often  marked  differences  between 
the  sexes  of  a  species,  involving  the  possession 
by  one  sex,  usually  the  male,  of  special. out- 
growths of  the  body,  bright  and  heavy  plum- 
age, or  conspicuous  colors  and  pattern,  etc, 
most  of  which  would  seem  to  be  elements  of 
disadvantage  rather  than  advantage  in  the 
struggle  for  life.  Darwin's  explanation  of  this, 
called  the  theory  of  sexual  selection,  was  that 
these  characters  arc  of  advantage  in  the  rivalry 
of  mating,  many  of  them  being  apparently  of 
a  kind  to  attract  and  excite  individuals  of  the 
opposite  sex.  Hence  they  might  help  their 
possessors  win  in  the  struggle  to  find  mate* 
and  consequently  to  leave  progenv.  It  is  a 
sort  of  particular  and  limited  kind  of  natural 
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selection,  not  involving  a  determination  between 
life  and  death,  but  one  between  going  child- 
less and  leaving  posterity  —  which  is,  after  all, 
the  essential  determination  in  natural  selection. 
But  the  assumed  fact  of  choice  in  this  theory 
of  sexual  selection  involves  various  unproved 
and  hardly  probable  assumptions  regarding  the 
esthetic  development  of  birds,  butterflies, 
spiders,  etc.,  and  has  been  strongly  attacked  both 
on  the  basis  of  actual  opposing  observation  and 
experiment  as  well  as  on  the  basis  of  general 
improbability.  On  the  whole,  Darwin's  theory 
of  sexual  selection  has  been  largely  discredited^ 
although  it  must  be  said  that  no  very  satisfac- 
tory substitute  explanation  has  been  offered 
for  it.  But  this  d:scrcditing  of  sexual  selec- 
tion throws  a  heavier  strain  on  the  theory  of 
natural  selection,  for  it  was  to  relieve  the  lat- 
ter theory  of  the  difficulty  of  facing  these  ap- 
parently existing  disadvantageous  characters  of 
the  males  of  many  species  of  birds  and  insects 
that  the  sexual  selection  theory  was  devised. 

Nevertheless  it  is  true  that  Darwin's  natural 
selection  explanation  of  evolution  has  been,  ever 
since  its  announcement,  more  widely  and  au- 
thoritatively accepted  as  the  needed  revelation 
of  the  causes  and  methods  of  species- forming 
and  adaptation  than  any  other  explaining 
theory  yet  offered. 

Neo-Darwinian  Theories. —  Darwin  never 
claimed  for  natural  selection  that  it  was  the 
only  influence  capable  of  modifying  species  and 
explaining  descent.  But  some  of  his  followers 
have  practically  made  that  claim.  Most  notable 
among  these  Neo-Darw  inians  was  August  Weis- 
mann,  professor  of  zoology  at  Freiburg  in 
Baden,  whose  strenuous  attacks  on  the  con- 
ception of  the  inheritance  of  acquired  char- 
acters did  so  much  to  discredit  the  I.amarck:an 
explanation  of  evolution.  Weismann's  theories 
of  heredity  led  him  to  a  belief  in  the  almost  ab- 
solute isolation  in  the  body,  and  hence  inde- 
pendence from  influences  affecting  it,  of  the 
germ-cells,  and  the  consequent  belief  that  the 
only  variations  that  could  be  possiblv  inherited 
were  the  minute  germinal  ones  that  served 
Darwin  as  the  basis  for  the  working  of  natural 
selection.  From  this  to  a  belief  in  the  A!!-Macht 
of  natural  selection  in  determining  species- 
change  and  descent  generally  was  but  the 
natural  step. 

Alfred  Russell  Wallace  and  some  other 
prominent  English  naturalists  ranged  them- 
selves with  Weismann  as  Nco-Darwinians. 
Most  American  naturalists,  however,  held  aloof 
from  this  extremist  attitude,  while  the  Germans 
were  divided.  In  the  later  years  of  his  life, 
Weismann  withdrew  from  his  original  most 
advanced  position,  and  was  inclined  to  admit 
the  inadequacy  of  natural  selection  as  an  all- 
sufficient  explanation  of  descent. 

Isolation  Theories  —  One  of  the  most  valid 
criticisms  of  the  natural  selection  theory  has 
been  that  it  makes  it  necessary  to  ascribe  a  life- 
and-death  determining  value  to  the  small  germi- 
nal variations  which  are  the  basis  of  the  selec- 
tive working  of  the  struggle  for  existence,  and 
it  has  always  seemed  hard  in  the  face  of  the 
very  trivial  character  of  many  of  these  little 
differences  to  admit  this  value  for  them.  But 
there  is  one  way  in  which  it  seems  that  these 
little  differences  might  be  heaped  up  and  de- 
veloped into  larger  ones  in  the  course  of  suc- 
cessive generations,  and  that  is  by  the  isolation 
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from  the  main  body  of  the  species  of  a  group  of 
individuals  more  or  less  similar  in  germinal 
characters.  This  isolation  could  be  effected  by 
a  migration  and  later  geographic  segregation  of 
a  group.  The  result  would  be  an  enforced  in- 
breeding and  an  elimination  of  the  swamping 
effects  of  unrestricted  wider  crossing.  The  re- 
sult would  be  a  cumulation  of  the  characteristics 
represented  in  the  group  by  originally  minute 
germinal  variations. 

Beginning  with  Moritz  Wagner  (1868), 
energetically  supported  by  Romanes  (1897),  and 
now  most  conspicuously  urged  by  David  Starr 
Jordan,  this  "isolation  theory"  has  been  much 
in  favor  with  some  biologists,  especially  those 
who  pay  especial  attention  to  the  relation  of 
geographic  distribution  of  plants  and  animals 
to  evolution. 

Theories  of  Orthogenesis.— As  the  char- 
acter of  the  original  small  germinal  variations 
necessarily  first  determines  the  possible  lines 
along  which  species  change  and  descent  pro- 
ceed;  and  as  it  is  evident  from  careful  study 
of  the  actual  jincs  of  descent  exhibited  both 
by  the  many  living  groups  of  animals  and  plants 
and  also  the  many  extinct  ones  (made  visible  to 
us  by  their  fossils)  that  descent  has  actually 
proceeded  along  certain  distinct  lines  and  has 
not  been  scattered  miscellaneously  and  futikly 
in  all  directions,  it  is  plain  that  the  discovery  of 
any  cause  or  form  of  control  which  would 
direct  variation  in  certain  more  or  less  definite 
directions  would  help  very  much  in  solving  the 
great  problem  of  the  cause  and  control  of  cvolu- 
tion. 

From  the  beginning,  therefore,  the  existence 
of  such  means,  and  its  character,  have  been 
sought  for.  Many  biologists  have  believed 
that  the  phenomenon  of  evolution  can  only  be 
explained  by  the  assumption  of  such  a  means. 
Cope,  an  American  paleontologist  —  and  it  may 
be  noted  that  paleontologists,  from  their 
studies  of  the  long  succession  of  ljfc  through 
many  millions  of  vears  seem  especially  inclined 
to  this  belief  —  about  1870,  attributed  to  the 
simplest  life-stuff  a  sort  of  primitive  conscious- 
ness which  gives  it  a  capacity  for  adaptation 
and  modification  that  results  in  definite  ortho- 
genetic  evolutionary  advance.  Naegeli,  a  great 
German  botanist  and  natural  philosopher,  pro- 
posed in  1884  a  theory  of  orthogenesis  (evolu- 
tion in  fixed  lines)  by  assuming  the  existence  of 
an  inner  perfecting  principle,  inherent  in  all 
organisms,  which  determine  the  general  lines  of 
variation  and  makes  steadily  toward  evolution- 
ary progress. 

Both  these  theories  arc  essentially  vitalistic 
in  character  in  that  they  assume  an  inner 
mystic  something  associated  with  life  and  char- 
acteristic of  it  that  can  direct  its  evolution, 
which  makes  it  unnecessary  and  futile  to  try 
to  find  a  more  mechanical  or  physico-chemical 
explanation  of  this  capacity  of  living  matter. 
More  modern  exponents  of  this  vitalistic  be- 
lief arc  such  men  as  Dricsch  and  Bergson, 
who  may  be  called  Xeo-Vitalists. 

Eimer,  a  German  zoologist,  in  1888  denied 
the  vitalistic,  automatic  inner  perfecting  prin- 
ciple of  Naegeli,  but  upheld  the  assumption  of 
orthogenetic  evolution,  attributing  its  cause  to 
the  direct  influence  of  extrinsic  and  environ- 
mental conditions.  A  number  of  English  bi- 
ologists, as  Henslow  and  I.loyd  Morgan,  have 
ranged  themselves  in  the  ranks  of  the  believers 


in  orthogenesis,  but  they  have  not  cared  to 
admit  the  existence  of  any  peculiar  vitalistic 
factor  as  its  explanation.  The  present  dean  of 
American  paleontologists  and  evolutionists,  H. 
F.  Osborn,  is  also,  on  the  basis  of  his  extensive 
studies  of  evolutionary  progress  among  extinct 
animals,  especially  the  mammals,  a  believer  in 
orthogenesis,  but  he  is  content  to  attribute  its 
cause  to  some  as  yet  "unknown  factors  of 
Evolution."  It  is  also  true  that  under  the 
influence  of  modern  discoveries  in  connection 
with  the  mechanism  and  methods  of  heredity 
there  is  a  strong  tendency  among  many  modern 
biologists  to  lean  more  and  more  toward  an 
assumption  of  an  internal  cause  and  control  of 
variation  concerning  the  action  of  which  little 
can  be  prophesied  and  about  the  character  of 
which  little  is  known. 

Theories  of  Heterogenesis  and  Mutations. 
— All  of  the  theories  of  the  causes  of  evolution 
so  far  referred  to  agree  in  assuming  a  progress 
mostly  by  small,  continuous  change,  so  that  spe- 
cies form  scries  of  perfect  gradations.  But  there 
have  always  been  naturalists  to  deny  this  as- 
sumption and  to  claim  that  change  comes  often 
by  definite  leaps,  so  that  even  the  original 
differences  may  be  fairly  large  and  fixed  from 
the  beginning.  Such  naturalists  have  formu- 
lated a  number  of  theories  of  heterogenesis  or 
mutancy.  Von  Koelliker,  a  German  zoologist, 
proposed,  in  1864,  such  a  theory,  but  only  in 
most  general  terms.  The  American  naturalist, 
Dall,  in  1877,  expressed  his  conviction  that 
sudden  changes  of  species-forming  character 
sometimes  occur  in  animals,  and  Francis  Gallon, 
the  great  English  anthropologist  and  cousin 
of  Charles  Darwin,  and  in  most  of  his  beliefs 
a  thorough  Darwinian,  nevertheless  denied  that 
the  original  germinal  variations  must  necessarily 
be  small,  referring  to  the  many  known  cases 
of  ^sports8  among  animals  and  plants  as  ex- 
amples of  original  differences  appearing  as 
leaps. 

In  1899,  Korschinsky,  a  Russian  botanist, 
advocated  an  explanation  of  species- forming  by 
heterogenesis  as  one  to  be  preferred  to  Dar- 
win's selection  theory,  which  he  strongly  op- 
posed. However  he  presented  few  new  facts 
bearing  on  the  subject  and  made  no  particular 
impression  on  biologists.  In  1901,  however,  the 
Amsterdam  botanist,  Hugo  de  Vries,  published 
the  first  volume  of  a  large  work  called  'The 
Mutations  Theory,'  in  which  he  described  his 
observations  and  experiments,  extending  over 
many  years,  on  certain  plant  species,  especially 
the  evening  primrose,  Oenothera  iamarckiana, 
and  definitely  proposed  a  theory  of  the  origin 
of  species  by  mutations,  or  sudden  new  fixed 
changes,  the  new  forms  thus  formed  having  no 
special  relation,  as  regards  their  origin,  to 
adaptation  or  the  struggle  for  existence.  He 
backed  up  his  theory  with  a  description  of  many 
such  new  "elementary  species"  which  had  arisen 
suddenly  under  his  eyes  from  the  evening 
primrose. 

De  Vriess'  theory  has  had  a  large  attention 
and  a  considerable  acceptance  from  naturalists, 
especially  with  those  already  dissatisfied  with 
the  Darwinian  explanation.  However,  despite 
much  observation  and  experimentation  by  other 
men,  few  other  "mutations"  besides  those  de- 
scribed by  De  Vrics  have  been  recorded,  while 
as  a  general  explaining  theory  of  evolution  the 
mutations  theory  leaves  much  to  be  desired. 
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It  is  especially  helpless  in  the  face  of  the 
necessity  of  explaining  adaptation,  and  adap- 
tation is  as  characteristic  of  evolution  as  is 
species-change. 

Influence  of  the  Modern  Knowledge  of 
Heredity  on  Theories  of  Evolution.—  In  1900 
three  European  botanists  working  independ- 
ently at  problems  of  inheritance  in  plants  dis- 
covered that  certain  similar  work  done  a  third 
of  a  century  before  in  the  gardens  of  an  Augus- 
tinian  cloister  in  Brunn  (Austria)  by  a  monk 
named  Gregor  Mendel,  had  been  quite  over- 
looked by  naturalists  and  yet  was  of  the  utmost 
importance.  This  discovery  of  Mendel's  work 
by  the  botanists  De  Vrics.  Corrcns  and 
Tschermak,  and  their  independent  discoveries, 
at  the  same  time,  of  facts  confirming  Mendel's 
earlier  results,  marks  the  beginning  of  the 
modern  study  of  heredity  whose  positive  re- 
sults already  amount  to  more  than  had  been 
learned  in  all  time  before. 

A  general  summation  of  these  results  and 
consideration  of  their  bearing  on  the  validity 
of  the  various  theories  for  the  explanation  of 
evolution,  lend  much  weight  to  the  type  of 
theory  that  assumes  the  original  variations  to 
be  the  result  of  influences  working  from  within 
rather  than  without.  The  modern  knowledge 
of  heredity  also  is  strongly  opposed  to  any 
assumption  of  the  inheritance  of  acquired 
characters  and  emphasizes  the  strictly  germinal 
character  of  all  variations  that  really  count  in 
species-making.  As  has  recently  been  said  by 
Davenport,  a  leading  American  exponent  of 
Mendelism,  "a  theory  of  Evolution  that  assumes 
internal  changes  chiefly  independent  of  ex- 
ternal conditions,  i.e.,  spontaneously  arising 
.  .  .  seems  best  to  meet  the  present  state  of 
our  knowledge"  (of  heredity).  And  he  admits 
that  the  thorough-going  accepters  of  Mendel- 
ism and  the  new  heredity  generally  are 
driven  to  a  position  as  regards  the  causes 
and  fundamental  control  of  evolution  which 
is  essentially  like  Nacgeli's  vitalistic  theory 
of  evolution  from  within  by  virtue  of  a  per- 
fecting or  progressive  tendency;  which  is 
an  idea  that  goes  back  to  Aristotle  and  includes 
Huxley  and  Bergson  in  its  roll  of  adherents. 
In  other  words  the  most  modern  theory  in 
explanation  of  evolution  is  essentially  both  anti- 
Lamarckian  and  anti- Darwinian,  and  allies  itself 
with  that  type  of  explanation  which  may  be 
called  orthogenetic  and  vitalistic. 
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EVOLUTION  IN  MATHEMATICS.  Sec 

Involution  and  Evolution. 

EVOLUTIONS,  Military,  the  movements 
by  which  troops  chanpe  formation,  position 
or  order.    Sec  Tactics,  Military. 


EVONYMUS,  ev-onl-mus,  a  genus  of  the 
staff-tree  family  (Celastracea),  comprising 
about  120  species  of  shrubs,  natives  of  the  north 
temperate  zone.  Three  species  are  found  in 
America.  The  best  known  are  the  strawberry 
bush  (£.  omericanus),  the  burning-bush  or 
wahoo  (£.  atropurpureus) ,  and  the  spindle- 
trcc  (E.  europ&us).  (See  Spindle-tree).  From 
the  bark  of  the  wahoo  or  burning-bush  an  ex- 
tract known  in  medicine  as  euonymin  is  ob- 
tained. It  is  used  as  a  cholagogue,  tonic  and 
diuretic,  and  for  its  stimulant  action  on  the 
liver. 

EVORA,  a'voo-ra  (ancient  Ebora),  city, 
Portugal,  capital  of  the  province  of  Alemtcjo, 
75  miles  cast  by  south  of  Lisbon.  It  is  a  very 
ancient  city ;  Quintus  Scrtorius  took  it  in  80  B.c, 
and  it  was  also  conquered  by  the  Moors  in  715, 
but  recovered  from  them  in  1139.  Among  the 
famous  Roman  antiquities  of  Evora  arc  the 
temple  of  Diana,  with  fine  Corinthian  columns ; 
an  aqueduct  erected  hy  Quintus  Sertorius  and 
restored  in  the  loth  century,  which  still  supplies 
the  city  with  water;  and  the  beautiful  tower, 
surrounded  by  Ionic  columns,  at  the  extremity 
of  the  aqueduct,  and  which,  although  it  has  ex- 
isted since  70  b.c,  is  in  almost  perfect  preser- 
vation. It  has  an  a rchi episcopal  library,  con- 
taining, besides  some  25,000  volumes,  several 
pictures  of  great  merit.  There  are  iron  fur- 
naces and  some  manufactures  of  cotton  cloth 
and  hats,  and  a  considerable  trade  in  wine. 
Pop.  17,901. 

EVREMOND,  avr-mon.   Sec  Saint  Evre- 

MOND.  , 

EVREUX,  a-vrc  (ancient  Civttas  Eburovi- 
cum),  France,  the  capital  of  the  department  of 
Eure,  on  the  I  ton.  57  miles  west  by  north- 
west of  Paris.  It  is  one  of  the  oldest  towns  of 
France  and  its  ruins  and  existing  ancient  Nor- 
man buildings  show  its  antiquity.  The  most 
noted  of  the  buildings  are  the  church  of  Saint 
Taurin;  the  bishop's  palace,  dating  back  to 
1484;  the  Tour  de  l'Horloge,  built  in  the  same 
century.  The  history  of  the  town  has  been  of 
the  same  tumultuous  order  as  that  of  many 
other  towns  in  that  section  of  France,  having 
been  taken  from  the  Romans  by  Clovis ;  the 
Normans  under  Rollo  pillaged  the  town  in  892; 
Henry  I  of  England  captured  it  in  1119,  laying 
it  in  waste  by  fire;  Philip  Augustus  of  France 
took  it  in  1194  and  in  1199;  and  during  the  wars 
of  the  15th  century  between  the  French  and 
English  it  was  the  scene  of  many  bloody  con- 
flicts, being  passed  from  the  control  of  one  to 
the  other  many  times.  The  principal  manu- 
factures are  machinery,  linen,  hosiery,  leather, 
tiles  and  bricks.    Pop.  (of  the' commune)  18,957. 

EWALD,  a'val,  Carl,  Danish  novelist :  b. 
Schleswig  1856;  d.  1908.  He  was  educated  at 
the  University  of  Copenhagen,  to  which  city  his 
family  had  removed  after  his  native  province 
had  fallen  to  the  Germans  in  1864.  After  spend- 
ing some  years  as  a  forester,  he  turned  to 
literature  in  1887.  at  first  issuing  school  texts 
and  translations.  His  principal  original  works 
are  'Singleton's  Udcnlandsrejsc'  (1894)  "Glaede 
over  Danmark'  (1898);  'Sulasmiths  Have' 
(1898);  'Dcr  Kindcrkruezzug'  (1896);  'Mein 
Kleiner  Junge'  (1899);  'Crumlin'  (1900). 
Several  of  his  works  have  been  translated  into 
English. 
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EWALD,     Georg     Hemrich  August, 

gi-org  hln'rlH  ow'goost  a'valt,  German  Orien- 
talist and  biblical  cr.tic:  b.  Gottingcn,  16  Nov. 
1803;  d.  there,  4  May  1875.  As  a  student  he 
published  his  first  critical  work,  'Die  Kompo- 
sition  der  Genesis.'  He  became  professor  of 
theology  at  Gottingen  in  1831,  and  in  1835 
professor  of  Oriental  languages.  As  one  of  the 
seven  professors  of  Gottingen  who  signed  the 
protest  against  the  abrogation  by  King  Ernest 
Augustus  of  the  Hanoverian  constitution,  he 
was  deposed  from  his  chair  and  accepted,  in 
1838,  a  call  to  Tubingen  as  professor  of  phi- 
losophy. In  1841  he  was  ennobled  by  the  king 
of  Wurtemberg  and  returned  in  1848  to  Gottin- 
gen, and  resumed  his  old  position.  When 
Hanover  was  annexed  by  Prussia  in  1866  he 
became  a  zealous  defender  of  the  rights  of  the 
ex-king  and  this  led  to  his  removal  from  his 
university  chair,  though  his  salary  was  con- 
tinued. He  was  elected  several  times  a  member 
of  the  Diet,  where  he  spoke  strongly  in  favor 
of  the  restoration  of  the  Hanoverian  monarchy. 
His  'Kritische  Grammatik  der  hebraischen 
Sprache'  (Critical  Grammar  of  the  Hebrew 
Language)  (1827),  afterward  merged  in  his 
'  Ausfithrliches  Lehrbuch  der  hebraischen 
Sprache,'  and  continually  enlarged  (8th  cd., 
1870),  formed  an  epoch  in  the  study  of  Hebrew 
and  placed  Ewald  in  the  first  rank  among 
scholars.  'Das  Hohe  Lied  Salomos'  (The 
Song  of  Solomon)  ;  'Die  poctischen  Buchcr  des 
Alten  Bundes'  (The  Poetical  Books  of  the  Old 
Testament)  ;  'Die  Propheten  des  Alten  Bundes,' 
containing  a  translation  and  interpretation  of 
all  the  prophets  in  chronological  order ;  together 
with  his  'Geschichte  des  Volkcs  Israel'  (His- 
tory of  the  People  of  Israel)  ;  and  'Die  Alter- 
thumcr  des  Volkcs  Israel'  (The  Antiquities  of 
the  People  of  Israel),  are  his  principal  woiks  on 
the  Old  Testament. 

The  'History  of  Israel'  is  considered  his 
greatest  work,  entailed  a  labor  of  30  years  and  is 
a  work  of  rare  genius  stamped  with  the  impress 
of  its  author's  individuality.  Like  others  of 
his  more  important  writings,  it  has  been  trans- 
lated into  English.  On  the  New  Testament  he 
wrote,  among  other  works,  'Ucbersetzung  und 
Erklarung  aller  Bucher  des  Neuen  Testaments' 
(Translation  and  Explanation  of  all  the  Books 
of  the  New  Testament).  Another  important 
\»ork  is  'Die  Lehrc  der  Bibcl  von  Gott,  oder 
Theologie  des  Alten  und  Neuen  Bundes'  (the 
Doctrine  of  the  Bible  regarding  God,  or  Theol- 
ogy of  the  Old  and  New  Testaments).  He  also 
wrote  philological  treatises  on  various  Eastern 
languages  and  on  subjects  connected  with  them, 
among  which  may  be  mentioned  works  on  the 
book  of  Enoch,  on  Ph<enic.an  inscription*,  on 
Phoenician  views  regarding  the  creation  of  the 
world,  on  Arabic  Grammar,  and  'Linguistic 
Studies.'  From  1849-65  he  issued  a  serial 
almost  entirely  written  by  himself  called  'Die 
Tahrbiicher  der  hiblischen  Wissenschaft'  (Year 
Books  of  Biblical  Science).  Ewald  has  been 
called  the  "second  founder  of  the  science  of  the 
Hebrew  language.'  Consult  Chevne,  'Founders 
of  Old  Testament  Criticism'   (London  1893). 

EWALD,  or  EVALD.  Johannes,  yd-han'- 

nes.  Danish  poet:  b.  Copenhagen,  18  Nov.  1743: 
d  there,  17  March  1781.  At  15  he  ran  away  and 
enlisted  in  the  Prussian  service.  Being  com- 
pelled to  join  a  retrimcnt  of  artillery  at  Magde- 
burg, instead  of  being  attached  to  the  hussars 
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as  he  had  been  promised,  he  deserted  the  Prus- 
sian standard  in  the  Seven  Years'  War,  and 
entered  the  Austrian  service.  After  a  few 
months  he  again  deserted,  returned  home  and 
began  to  apply  himself  seriously  to  theology. 
On  the  death  of  Frederick  V  of  Denmark  he 
was  requested  to  compose  an  elegy  (1766); 
and  the  general  admiration  with  which  it  was 
received  roused  his  ambition  and  he  soon  be- 
came one  of  the  most  eminent  lyric  and  tragic 
poets  of  his  nation.  His  opera  the  '  Death  of 
Balder*  (1774),  the  subject  of  which  is  taken 
from  the  northern  mythology  and  his  'Rolf 
Krage*  (1770),  a  tragedy  taken  from  the  ancient 
history  of  Denmark,  are  works  which,  not- 
withstanding many  defects,  bear  the  impress  of 
true  genius;  but  by  some  his  lvrical  drama 
'The  Fishers'  (1779),  in  which  is  included  the 
Danish  national  hymn,  is  ranked  as  the  finest  of 
all  his  works.  As  a  lyric  poet  he  is  most 
popular  at  the  present  day,  and  several  of  his 
odes  and  elegies  arc  among  the  best  that  modern 
times  have  produced.  Consult  Jorgensen,  'Jo- 
hannes Ewald'  (1888). 

EWART,  fi'art.  David,  Canadian  architect : 
b.  Scotland,  1843.  He  received  his  education  at 
the  Edinburgh  School  of  Arts,  removed  to 
Canada  in  1871  and  became  assistant  engineer 
and  architect  in  the  Department  of  Public  Works 
at  Ottawa,  rising  to  the  post  of  chief  architect  in 
1897.  He  completed  the  central  tower  of  the 
Parliament  buildings  at  Ottawa  and  erected  the 
Canadian  buildings  at  the  Chicago  World's 
Fair  in  1893  and  at  the  Paris  Exposition  of 
1900.  He  is  a  member  of  the  board  of  assessors 
of  the  departmental  buildings  at  Ottawa  since 
1906  and  since  1909  is  councillor  of  the  Royal 
Architectural  Institute  of  Canada. 

EWART,  James  Cossar,  British  zoologist: 
b.  Penicuik,  near  Edinburgh,  26  Nov.  1851.  He 
was  educated  at  Edinburgh  University,  where 
he  graduated  M.D.,  and  was  appointed  demon- 
strator of  anatomy  1874.  In  '875  he  became 
conservator  of  the  museum.  University  College, 
London;  in  1878  professor  of  natural  history, 
Aberdeen  University;  and  in  1882  professor  of 
the  same,  Edinburgh  University,  when  he  was 
also  appointed  member  of  the  Scottish  Fishery 
Board.  In  London  he  made  researches  into  the 
bacillus  of  splenic  fever,  etc.,  and  at  Aberdeen 
founded  the  first  marine  laboratory  in  Britain, 
where,  with  the  late  Dr.  Romanes,  he  made 
researches  into  the  locomotor  system  of  the 
echinoderms,  which  was  the  subject  of  the 
Croonian  lecture  of  the  Royal  Society  1881.  He 
conducts  the  fishery  investigations  into  the  fer- 
tilization and  life  history  of  the  herring,  white- 
bait and  other  food-fishes  and  directs  a  large 
corps  of  assistants  in  the  work  at  various  sta- 
tions. He  established  lectureships  in  his  uni- 
versity in  embryology  and  the  philosophy  of 
natural  history  and  organized,  for  the  students, 
a  union.  At  Penicuik  he  has  conducted  the 
costly  experiments,  with  which  his  name  is 
widely  known,  into  the  development  of  the 
horse,  and  hybridizing  of  equine  species,  in- 
cluding the  quagga,  zebra  and  island  pony,  in 
different  ways;  and  disproved  the  hoary  theory 
as  to  the  influence  of  previous  impregnation 
(telegony).  Among  his  publications  are  'The 
Electric  prgans  of  Skate'  ( 1888-89)  ; 'The 
Cranial  Nerves  and  Lateral  Sense  Organs  of 
Elasmobranchs'  (1889);  'The  Development  of 
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the  Horse '  (1894)  ;  'Telegony  and  Reversion* 
(1887);  «A  Critical  Period  in  the  Development 
of  the  Horse»  (1889);  'Guide  to  Hybrids* 
(1900);  'The  Multiple  Origin  of  Horses  and 
Ponies'  (1904);  'Horse  Skulls  from  the  Ro- 
man Fort,  near  Melrose'  (1906);  'On  a  Prej- 
valsky  Hybrid'  (1907). 

EWART,  John  Starving,  Canadian  law- 
yer: b.  Toronto,  1849.  He  received  his  educa- 
tion at  Upper  Canada  College  and  was  admitted 
to  practice  in  1871.  He  practised  in  Toronto 
until  1882,  when  he  removed  to  Winnipeg.  He 
came  to  Ottawa  in  1904  and  was  now  recog- 
nized as  a  leader  in  his  profession.  During  the 
contest  for  separate  schools  in  Manitoba  he 
represented  the  Catholic  side.  He  became  in- 
terested in  political  questions  after  1900  and 
opposed  the  aims  of  the  imperialists.  At  The 
Hague  court  in  1910  he  was  chief  counsel  for 
Canada.  He  published  reports  of  cases  in  the 
courts  of  Manitoba  from  1883  to  1890  and  also 
'The  Kingdom  of  Canada  and  Other  Essavs' 
(1908)  ;  'Sir  John  Macdonald  and  the  Canadian 
Flag'  (1908);  'Canadian  Independence'  (1911); 
<Thc  Kingdom  Papers'  (1912). 

EWART,  William,  English  physician:  b. 
London,  1848.  He  received  his  education  at 
the  University  of  Cambridge  and  also  at  Paris 
and  Berlin.  He  became  consulting  physician 
to  many  hospitals  and  examiner  and  lecturer  to 
the  Royal  College  of  Physicians.  He  was 
assistant  physician  to  the  Brompton  Hospital  for 
Consumption.  He  became  a  recognized  au- 
thority on  the  diseases  of  the  heart  and  lungs. 
His  works  include  'Pulmonary  Cavities' 
(1882);  'Cardiac  Outlines'  (1892);  'Heart 
Studies,  Chiefly  Clinical'  (1894)  ;  "Bronchitis," 
and  "Bronchiectasis"  (in  Allbutt  and  Rolleston's 
'System  of  Medicine,'  London  1909),  and  a 
portion  of  'Report  on  Climates  and  Baths  of 
Great  Britain'  (issued  by  the  Royal  Medical 
and  Chirurgical  Society,  Vol.  II,  1902). 

EWBANK,  fi'bank,  Thomas,  American  sci- 
entist: b.  England,  11  March  1792;  d.  New  York, 
16  Sept.  1870.  He  came  to  America  about  1819 
and  engaged  in  manufacturing  metallic  tubing 
(1820-36).  He  was  United  States  commis- 
sioner of  patents  1849-52.  His  publications  in- 
clude 'The  VVorld  a  Workshop'  (1855) ;  'Life 
in  Brazil,'  with  an  appendix  on  a  collection  of 
American  antiquities  (1857)  ;  'Reminiscences  in 
the  Patent  Office'  (1859);  'Thoughts,  on  Mat- 
ter and  Force'  (1858)  ;  and  'Inorganic  Forces 
Ordained  to  Supersede  Human  Slavery,'  an 
essay. 

EWE,  a  linguistic  negro  stock,  inhabiting 
the  coasts  of  Dahomey  and  Togoland.  It  is 
probable  that  they  came  from  Borgu  or  Gttrma 
only  a  few  centuries  back.  They  are  agricul- 
turists and  possess  a  highly  developed  juridical 
system.  Thcv  comprise  the  ■  Awuna.  Ataklu, 
Agbosimi,  Afiao,  Geng,  Togo,  Krikor,  Ewcmi, 
Fra,  Dahoman,  Mahi,  Aja,  Affakpami  and 
others.  Consult  Ellis,  'The  Ewe-Sneaking  Peo- 
ples of  the  Slave  Coast  of  West  Africa'  (Lon- 
don 1890)  ;  Stanford  'Africa'  (ib.  1895). 

EWELL,  ii'el.  Arthur  Woolsey,  American 
phvsicist:  b.  Bradford,  Mass.,  1873.  He  was 
educated  at  Yale  where  he  was  graduated  in 
1897,  and  also  studied  at  the  universities  of 
Johns  Hopkins  and  Berlin.  From  1897  to  1910 
he  was  instructor  in  physics  and  assistant  pro- 


fessor at  the  Worcester  Polytechnic  Institute, 
becoming  professor  in  1910.  He  is  a  Fellow  of 
the  American  Academy  of  Arts  and  Sciences 
and  has  published  'A  Textbook  of  Physical 
Chemistry'  (1909);  'Physical  Measurements' 
(1910;  2d  ed.,  1913);  'Artificial  Rotatory  Po- 
larization' (1911). 

EWELL,  Benjamin  Stoddert,  American 
educator:  b.  Washington,  D.  C,  10  June  1810; 
d  James  City,  Va.,  19  June  1894.  He  was  grad- 
uated at  West  Point  1832,  taught  mathematics  . 
there  until  1836,  and  later  served  as  assistant 
engineer  of  the  Baltimore  and  Susquehanna 
Railroad,  becoming  professor  of  mathematics  at 
Hampden-Sidncy  College  1839,  where  he  re- 
mained till  1846.  He  filled  a  similar  chair  at 
Washington  University,  Lexington,  Va.,  1846- 
48,  when  he  went  in  the  same  capacity  to  Wil- 
liam and  Mary  College,  becoming  its  president 
1854,  and  president  emeritus  1888.  He  was  in 
command  of  the  32d  Regiment,  Virginia  Volun- 
teers, from  1861-62  and  adjutant-general  of  the 
Confederate  army  on  the  staff  of  Gen.  Joseph 
E.  Tohnston,  when  he  was  commander  of  the 
departments  of  Tennessee  and  Mississippi  1862- 
64. 

EWELL,  Marshall  Davis,  American  law- 
yer: b.  Oxford,  Mich.,  18  Aug.  1844.  He  was 
graduated  at  the  University  of  Michigan  Law 
School  (1868),  and  was  professor  of  common 
law  in  the  Union  College  of  Law,  Chicago, 
from  1877  until  the  founding  of  the  Kent  Col- 
lege of  Law,  in  which  he  became  professor  of 
common  law,  dean  and  president.  He  is  well 
known  as  a  microscopist  and  handwriting  ex- 
pert, and  was  elected  a  Fellow  of  the  Royal 
Microscopical  Society  of  London  (1886),  and 
president  of  the  American  Microscopical  Soci- 
ety (1893).  He  has  edited  'Blackwell  on  Tax 
Titles'  (1875);  'Illinois  Reports'  (Vols. 
XXXII-XXXVI,  inclusive.  1877);  'Wash- 
burn's Manual  of  Criminal  Law*  (1878)  ; 
'Evans  on  Agency'  (1879)  ;  'Lindlev  on  Part- 
nership' (1881);  and  written  'Leading  Cases 
in  Disabilities'  (1876);  'Treatise  on  the  Law 
of  Fixtures*  (1877);  'Student's  Manual  of 
Medical  Jurisprudence'  (1887;  2d  ed.,  1909); 
'Essentials  of  Law*  (1882;  2d  ed.,  1915). 

EWELL,  Richard  Stoddert,  American  sol- 
dier: b.  Georgetown.  D.  C.  8  Feb.  1817;  d. 
Springfield,  Tenn.,  25  Jan.  1872.  He  was  grad- 
uated at  the  United  States  Military  Academy  in 
1840,  and  served  during  the  Mexican  War  with 
Scott  from  Vera  Cruz  to  the  City  of  Mexico. 
At  the  outbreak  of  the  Civil  War  he  resigned 
his  commission  in  the  National  army;  joined 
the  Confederates;  was  actively  engaged 
throughout  the  war  and  attained  the  rank  of 
lieutenant-general.  He  was  at  the  battles  of 
the  first  and  second  Manassas,  where  he  lost 
a  leg,  Front  Royal,  Cross  Keys,  Port  Repub- 
lic and  Cedar  Mountain;  and  was  later  placed 
in  command  of  the  Second  Corps  of  General 
Lee's  army,  upon  the  death  of  "Stonewall* 
Jackson.  In  this  capacity  he  was  in  personal 
command  and  led  the  charges  of  the  corps  at 
the  capture  of  Winchester,  at  Gettysburg,  the 
Wilderness,  and  Spottsylvania  Court  House, 
but  was  transferred  to  the  Department  of  Rich- 
mond after  these  engagements,  owing  to  his  ina- 
bility, on  account  of  his  wounds,  to  withstand 
the  hardships  of  another  campaign.  He  was 
later  captured  by  Sheridan  at  Sailor's  Creek 
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with  his  forces  (6  April  1865).  After  the  war 
he  retired  to  private  life. 

EWER,     u'er.     Ferdinand  Cartwright, 

American  Episcopal  clergyman :  b.  Nantucket, 
Mass..  22  May  1826;  d.  Montreal,  Canada.  10 
Oct.  1883.  He  was  graduated  at  Harvard  1848. 
After  several  years  devoted  to  journalism  he 
entered  the  Episcopal  ministry  and  became  rec- 
tor of  Grace  Church,  San  Francisco,  1858.  In 
1862  he  was  chosen  rector  of  Christ  Church, 
New  York,  but  his  belief  in  the  doctrine  of  the 
Real  Presence  and  his  introduction  of  ceremo- 
nies and  practices  not  usual  in  Episcopal 
churches  caused  htm  to  be  charged  with  Roman- 
ism and  he  resigned.  The  majority  of  his 
communicants  followed  him  to  the  parish  of 
Saint  Ignatius,  New  York,  which  was  organized 
for  him.  and  of  which  he  continued  rector  till 
his  death.  He  was  an  able  controversialist,  and 
wrote  'Two  Eventful  Nights,  or  the  Fallacies 
of  Spiritualism  Exposed'  (1856) ;  'Sermons  on 
the  Failure  of  Protestantism*  (1869);  'Cath- 
olicity in  its  Relations  to  Protestantism  and 
Romanism*  (1878);  'The  Operation  of  the 
Hoh^  Spirit'  (1880)  ;  'Grammar  of  Theology' 

EWING,  ulng.  Finis,  American  clergyman : 
b.  Bedford  County,  Va.,  1773;  d.  1841.   He  re- 
•  ceived  his  license  to  preach  in  the  Cumberland 

presbytery  in  1802  and  for  many  years  was  a 
successful  revivalist.  In  1810,  with  two  others, 
he  formed  the  presbytery  which  later  became 
the  Cumberland  Presbyterian  Church.  In  1820- 
36  he  held  a  pastorate  at  New  Lebanon,  Mo., 
and  after  1836  at  Lexington,  Mo.  He  published 
'Lectures  on  Important  Subjects  in  Divinity' 
(1824).  Consult  Cossit,  'Life  and  Times  of 
Finis  Ewing'  (Nashville  1853). 

EWING,  Hugh  Boyle,  American  soldier: 
b.  Lancaster,  Ohio,  31  Oct.  1826;  d.  there.  30 
June  1905.  He  was  educated  at  the  United 
States  Military  Academy;  in  1849  went  to  Cali- 
fornia in  charge  of  an  expedition  sent  out  by 
his  father,  then  Secretary  of  the  Interior,  to 
rescue  emigrants  from  the  snow-bound  Sierras, 
whence  he  returned  in  1852;  practised  law  in 
Saint  Louis  1854-56  and  in  Leavenworth,  Kan., 
1856-58.  He  served  through  the  Civil  War 
becoming  a  brevet  major-general ;  was  United 
States  Minister  to  The  Hague  1866-70,  and 
wrote  <A  Castle  in  the  Air'  (1887)  ;  'The  Black 
List'  (1893),  etc. 

EWING,  James.  American  pathologist :  b. 
Pittsburgh,  Pa.,  1866.  In  1888  he  was  grad- 
uated at  Amherst  College  and  three  years  later 
at  the  College  of  Physicians  and  Surgeons  of 
Columbia  University.  He  also  studied  at 
Vienna  and  after  his  return  was  successively 
tutor.  Fellow  and  instructor  at  Columbia  from 
1893  to  18°9.  In  the  latter  year  he  was  ap- 
pointed professor  of  pathology  at  Cornell.  He 
is  an  cx-president  of  the  Association  for  Cancer 
Research  and  of  the  Harvey  Society.  His  pub- 
lications include  'Clinical  Pathology  of  Blood' 
(2d  cd.  1903);  and  articles  in  'Textbook  of 
Legal  Medicine  and  Toxicology'  (1903). 

EWING,  Sir  (James)  Alfred,  Scottish 
physicist  and  engineer:  b.  Dundee,  27  March 
1855.  He  was  educated  at  the  Dundee  high 
school  and  the  University  of  F.dinburgh.  For 
several  years  he  was  engaged  in  engineering 
work  and  was  assistant  to  Lord  Kelvin  and 
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Prof.  Fleeming  Jenlrin.  He  was  professor 
of  mechanical  engineering  at  the  Imperial  Uni- 
versity of  Tokio  1878-83.  While  in  Japan  he 
devoted  himself  assiduously  to  the  study  of 
earthquakes,  devising  seismographs  to  record 
the  earth's  vibrations  during  such  disturbances. 
In  1883  he  became  professor  of  engineering  at 
University  College,  Dundee,  and  from  1890  to 
1903  he  was  professor  of  mechanism  and  ap- 
plied mechanics  in  the  University  of  Cambridge. 
From  1903  to  1906  he  was  a  member  of  the 
Explosives  Commission  and  a  member  of  the 
Ordnance  Research  Board  1906-08.  In  1907  he 
was  made  C.B.,  and  K.C.B.  in  1911.  In  1916 
he  became  principal  of  the  University  of  Edin- 
burgh. He  was  awarded  the  royal  medal  for 
researches  in  magnetism  in  1895.  He  has  pub- 
lished many  papers  on  scientific  subjects,  espe- 
cially on  magnetism  and  the  physics  of  metals, 
in  'Transactions  of  the  Royal  Society'  and 
elsewhere;  also  'Treatise  on  Earthquake  Meas- 
urement' (1883);  'Magnetic  Induction  in  Iron 
and  Other  Metals'  (1891)  ;  'The  Steam  Engine 
and  Other  Heat  Engines'  (1894) ;  'The 
Strength  of  Materials'  (1899);  'The  Mechan- 
ical Production  of  Cold'  (1908). 

EWING,  John,  American  Presbyterian 
minister  and  mathematician :  b.  Nottingham, 
Md.,  22  June  1732;  d.  Philadelphia,  Pa.,  8  Sept. 
1802.  As  a  youth  he  exhibited  marked  ability 
in  mathematics  and  later  took  a  course  of  study 
in  Princeton  College.  Upon  graduating  in  1755 
he  was  appointed  instructor  in  the  college.  He 
then  became  interested  in  theology  and  after 
finishing  his  course  in  divinity  was  licensed  to 
preach  by  the  presbytery  of  Newcastle,  Del.  In 
1758  he  received  his  appointment  as  instructor 
of  the  philosophical  department  in  the  College 
of  Philadelphia  and  in  1759  became  pastor  of 
the  First  Presbyterian  Church  in  that  city,  re- 
maining such  until  1773  when  he  was  sent  to 
England  to  solicit  pecuniary  aid  in  the  estab- 
lishment of  an  academy.  In  1775  he  returned 
to  his  native  land,  and  in  1779,  when  the  Col- 
lege of  Philadelphia  was  changed  to  the  Uni- 
versity of  Pennsylvania,  he  was  placed  in  the 
station  of  provost,  and  officiated  in  that  capacity 
until  his  death.  He  was  also  selected  to  serve 
on  more  than  one  boundary  commission.  His 
'Lectures  on  Natural  Philosophy'  (2  vols., 
1809),  and  a  collection  of  sermons  were  pub- 
lished after  his  death. 

EWING,  Juliana  Horatia  Gatty,  English 
writer  for  young  people:  b.  Ecclesfield,  York- 
shire, 3  Aug.  1841;  d.  Bath,  Somerset,  13  May 
1885.  She  contributed  largely  to  a  magazine 
started  by  her  mother  (Mrs.  Gatty).  On  her 
mother's  death  the  magazine  was  edited  bv  her 
and  her  sister  conjointly,  and  many  of  her  best 
stories  first  appeared  in  it.  Of  her  delightful 
tales  of  child-life  we  mav  mention  'Mrs.  Over- 
the- Way's  Remembrances'  (1869);  'The  Land 
of  Lost  Toys'  (1869)  ;  'The  Brownies'  (1870)  ; 
'A  Flat-iron  for  a  Farthing'  (1873);  <Lob- 
lie-by-the-Fire>  (1874)  ;  'Six  to  Sixteen* ;  "Jan 
of  the  Windmill'  (1876) ;  'A  Great  Emergency' 
(1877);  'We  and  the  World'  (1881);  'Old 
Fashioned  Fairy  Talcs';  'Brothers  of  Pitv' 
(1882)  ;  'The  Doll's  Wash' ;  'Three  Little  Nest 
Birds' ;  <A  Week  Spent  in  a  Glass  House' ;  'A 
Sweet  Little  Dear' ;  and  'Blue  Red'  (1883)  ; 
and  'Jackanapes'  (1884).  A  biography  bv  her 
sister,  Horatia  K.  T.  Gatty,  was  published  in 
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1885  under  the  title  'Juliana  Horatia  Ewing 
and  Her  Books.' 

EWING,  Thomas,  American  statesman: 
b.  near  West  Liberty,  Va„  28  Dec.  1789;  d.  Lan- 
caster, Ohio,  26  Oct.  1871.  He  was  graduated 
at  the  Ohio  University  in  Athens  in  1815;  ad- 
mitted to  the  bar  in  1816;  and  practised  law 
for  15  years.  He  was  a  United  States  senator 
from  Ohio  1831-37  and  1850-51 ;  Secretary  of 
the  Treasury  under  President  Harrison  in  1841 ; 
and  Secretary  of  the  Interior  under  President 
Taylor  in  1849-50.  In  the  United  States  Su- 
preme Court  he  ranked  among  the  foremost 
lawyers  of  the  nation.  During  the  Civil  War 
his  judgment  in  matters  of  state  was  frequently 
sought  by  President  Lincoln.  When  the  cap- 
ture of  Mason  and  Slidcll  brought  England  and 
the  United  States  to  the  very  point  of  hostili- 
ties, Ewing  sent  the  famous  telegram  that  was 
really  decisive  of  the  whole  trouble:  "There  can 
be  no  contraband  of  war  between  neutral  ports" 
—  and  it  was  his  advice  that  finally  prevailed 
over  Everett's  opinion,  and  the  envoys  were  set 
free. 

EX  CATHEDRA  (Lat.  "from  out  the 
chair")  :  a  phrase  originally  applied  to  deci- 
sions given  by  the  Pope  in  the  discharge  of  his 
spiritual  office  as  pastor  and  bishop  of  all 
Christians.  Hence  it  is  applied  to  every  deci- 
sion pronounced  by  any  one  in  the  exercise  of 
his  proper  authority,  as  a  bishop  in  the  spiritual 
sphere,  a  judge  on  the  bench,  etc. 

EX  PARTE,  eks  par'te  (Lat.  «from  a 
part"),  a  law  Latin  term  used  in  reference  to 
an  action  taken  by  cither  party  to  a  suit  or  other 
legal  proceeding,  or  on  behalf  of  such  party, 
without  notice  to  the  other.  Ex  parte  evidence 
or  hearings  arc  frequently  made  use  of  without 
being  regarded  as  an  infringement  of  the  rights 
of  the  opponent.  In  a  derived  sense  the  term 
indicates  a  lack  of  accuracy  or  impartiality  in 
a  statement. 

EX  POST  FACTO  (eks  post  fak  to) 
LAW  (Lat.  "from  what  is  done  afterward"), 
one  made  after  an  offense  and  taking  effect 
retroactively.  The  provision  in  the  Constitu- 
tion of  the  United  States,  Art.  I,  sec.  9,  clause 
3,  that  «no  .  .  .  ex  post  facto  law  shall  be 
passed,"  has  been  interpreted  to  refer  only  to 
crimes,  and  in  that  sense  the  words  are  com- 
monly used.  The  following  have  been  decided 
to  come  within  the  scope  of  the  phrase :  Every 
law  that  makes  an  action  done  before  its  pas- 
sage, and  innocent  when  done,  criminal,  and 
punishes  such  action ;  every  law  that  aggravates 
a  crime,  or  makes  it  greater  than  when  com-* 
mitted;  every  law  that  changes  the  nature  of 
the  punishment,  or  makes  it  greater  than  at  the 
time  the  act  was  committed;  every  law  that 
alters  the  rules  of  evidence  so  as  to  make  it 
easier  to  convict  the  offenders ;  every  law  that, 
while  not  avowedly  relating  to  crimes,  in  effect 
imposes  a  penalty  or  the  deprivation  of  a  right ; 
every  law  that  deprives  persons  accused  of 
crime  of  some  lawful  protection  to  which  they 
have  become  entitled,  as  a  former  acquittal. 
Such  laws  are  therefore  contrary  to  the  Consti- 
tution. Consult  Coolev,  'General  Principles  of 
Constitutional  Law  in  the  United  States'  (3d 
ed„  1900). 

EXACTIONS  (from  Lat.  cxactin,  act  of 
driving  out,  forcing  out,  a  forced  contribution), 


a  legal  term  of  ecclesiastical  jurisprudence, 
used  in  the  Middle  Ages  to  denote  such  duties 
or  contributions,  demanded  by  the  clergy  of 
their  parishioners,  as  were  extraordinary,  either 
because  they  were  new  and  against  custom  or 
because  their  amount  was  unduly  increased. 
They  were  illicit,  and  it  was  found  necessary 
repeatedly  to  denounce  their  unlawfulness.  The 
power  of  the  clergy  over  their  parishioners  or 
of  the  bishops  over  the  subordinate  clergy  was 
so  great  that  it  was  easy  for  them  to  make  the 
most  outrageous  exactions.  They  were  de- 
nounced at  the  third  Council  of  Toledo  (589). 

EXAMINERS,  Medical,  in  some  States, 
as  Massachusetts  and  New  York,  county  officials 
whose  duties  are  practically  those  formerly  dis- 
charged by  coroners,  whom  they  have  super- 
seded.  See  Coroner. 

EXANTHEMATA,  ek-san-the'ma-ta,  a 
name  formerly  widely  employed  to  designate 
the  acute  infectious  diseases  that  were  character- 
ized by  an  eruption  —  the  eruptive  fevers.  The 
most  important  of  these  are  measles,  scarlet 
fever,  chickenpox,  smallpox,  typhoid  fever,  and 
typhus  fever  (qq.v.).  The  term  is  also  used 
in  botany  for  blotches  and  eruptive  excrescences 
on  the  surface  of  leaves. 

EXARCH,  eks'ark  (Gr.  efupXoc.  exarchos, 
leader),  a  title  equivalent  to  governor  (Lat. 
rector),  in  the  terminology  of  civil  government 
after  the  seat  of  empire  was  transferred  to  Con- 
stantinople. But  already  in  the  4th  century  it 
acquired  the  signification  of  archbishop,  metro- 
politan or  patriarch.  In  the  acts  of  the  first 
Council  of  Constantinople  (381)  the  bishops  of 
Alexandria,  Antioch  and  Constantinople  are 
styled  exarchs;  and  the  field  of  jurisdiction  of 
an  exarchos  is  exarchia.  In  the  same  period 
exarchos,  exarchia  were  in  use  as  designations 
of  civil  magistrates  and  their  jurisdictions,  the 
terms  diocese  (<W«/?mr,  dwecesis)  was  also 
used.  In  ecclesiastical  usage  exarch  came  in 
time  to  be  a  title  of  honor  apart  from  jurisdic- 
tion; thus,  by  the  Council  of  Oialcedon  (451) 
the  bishops  of  Ephesus,  Heraclca  and  Cappado- 
cian  Casarea,  though  deprived  of  their  juris- 
diction over  the  metropolitans  previously  suf- 
fragan to  them,  were  permitted  to  be  called  by 
the  title  exarch.. 

EXAUVILLIEZ,  Philippe  Irenee  Boistel 

d,'  fe-lep  c-rc-na  bwas-tfl  deks-o^ve-e-a, 
French  author:  b.  Amiens,  6  Dec.  1786;  d.  Paris, 
30  March  1862.  His  essay,  'The  Saint  Gervais 
Library'  (1831),  gave  the  first  impulse  to  the 
establishment  of  small  libraries  all  over  France. 
He  translated  Walter  Scott's  novels,  from  which 
he  eliminated  every  passage  which  could  be  in- 
terpreted as  telling  against  the  Roman  Catholic 
religion,  and  also  all  love  passages  as  far  as 
possible. 

EXCALIBUR,  the  famous  mystic  sword  of 
King  Arthur  (q.v.)  which,  in  accordance  with 
the  promise  of  Merlin,  was  given  him  by  the 
Lady  of  the  Lake.  At  Arthur's  death  it  was 
hurled  by  Sir  Bcdivcrc  into  the  lake,  where  it 
was  seized  and  conveyed  from  sight  by  a  mys- 
terious hand.  Consult  Tennyson,  'Idylls  of 
the  King.' 

EXCAVATION,  the  removal  of  material 
in  engineering  operations  in  order  to  make 
space  for  some  structural  work.  There  is  a 
wide  variety  of  such  work  and  the  special  proc- 
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esses  are  described  under  Canals,  Dams,  Foun- 
dation Tunnels,  etc. 

EXCAVATOR,  a  machine  for  digging, 
moving  and  transporting  gravel,  soil,  etc.  Ex- 
cavators are  made  of  two  kinds,  each  adapted 
for  different  kinds  of  work.  In  making  a  long 
cutting,  the  first  to  come  into  operation  is 
operated  on  rails,  and  employs  a  large  "scoop* 
or  bucket,  with  a  lever  heavy  enough  to  counter- 
balance the  bucket  when"  filled  with  clay.  The 
scoop  is  lowered  and  driven  into  the  bank  until 
full.  It  is  then  raised  by  the  suspension  chain, 
and  dumped  by  the  chain  on  the  lever.  The 
second  class  of  excavator  is  employed  to 
make  the  cutting  wider.  Its  sides  are  made 
sloping  to  an  angle  of  45  degrees,  and  on  the  top 
of  the  bank  a  temporary  line  of  rails  is  laid  a 
few  feet  from  the  edge.  The  machine  is  placed 
on  the  rails  at  the  end  of  the  cutting;  the  jib  is 
lowered  until  the  row  of  buckets  it  carries  can 
cut  into  the  clay;  these  scrape  up  the  bank, 
reaching  the  top  of  it  full  of  soil ;  they  next 
pass  over  the  machine,  and  are  emptied  into 
the  wagons  beyond  it.  Excavators  were  ex- 
tensively employed  in  the  digging  of  trenches 
and  construction  of  breastworks  on  the  Western 
front  during  the  Great  War.  Consult  Mc Daniel, 
•Excavating  Machinery'  (New  York  1913). 

EXCELLENCY  (from  Lat.  excellentia. 
superiority),  a  title  of  honor  given  to  ambas- 
sadors, ministers  plenipotentiary,  governors  of 
British  colonies  and  their  wives  and  the  gov- 
ernor of  Massachusetts.  The  President  of  the 
United  States  and  the  governors  of  many  of  the 
States  have  the  same  title  by  courtesy.  In 
former  times  it  was  applied  only  to  sovereign 
princes. 

EXCELMANS,  *k-sel-man,  or  EXEL- 
MANS,  R6mi  Joseph  Isidore,  ra-me  zhd'zef 
e-se-dor,  Baron,  French  marshal :  b.  Bar-le-duc, 
13  Nov.  1775;  d.  10  July  1852.  He  entered  the 
army  in  1791,  served  with  distinction  at  Auster- 
litz  in  1805,  and  gained  the  rank  of  general  of 
brigade  for  his  conduct  at  Eylau  in  1807.  In 
the  Russian  campaign  (1812)  he  commanded  a 
division.  He  directed  a  corps  at  the  battle  of 
Waterloo,  after  which  he  passed  four  years  in 
exile ;  was  restored  to  his  title  as  a  peer  in  1831, 
and  became  a  marshal  of  France  in  1851. 

EXCELSIOR  (Lat.  "higher")  (1)  the 
motto  of  New  York  State.  (2)  A  well-known 
poem  by  H.  W.  Longfellow,  published  in  1841, 
of  which  the  opening  words  arc:  The  shades 
of  night  were  falling  fast.*  The  poem  in  its 
musical  setting  became  in  America  a  favorite 
academic  song. 

EXCELSIOR,  the  trade  name  of  a  ma- 
terial invented  in  America  and  widely  used  for 
packing  and  as  stuffing  in  mattresses  and  up- 
holstery. It  is  made  from  logs  of  wood  which 
have  first  been  divided  into  18  inch  Mucks.  The 
fibres  are  separated  from  the  blocks  with  great 
rapidity  bv  knife-points,  and  packed  in  bales 
of  250' pounds  weight.  Not  far  from  140,000 
tons  are  annually  manufactured  in  the  United 
States,  and  of  this  output  large  quantities  are 
exported. 

EXCELSIOR  SPRINGS,  Mo,  city  of 
Clay  County,  25  niib  s  northeast  of  Kansas  City, 
on  the  Chicago.  Milwaukee  and  Saint  Paul,  the 
Wabash  and  other  railroads.  Because  of  its 
mineral  springs  it  is  widely  known  as  a  summer 
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resort ;  it  has  fine  hotels,  a  Carnegie  library,  an 
auditorium,  a  government  building  and  several 
pavilions.  Its  industrial  establishments  are 
limited  to  bottling  works  and  an  ice  factory. 
Pop.  3,900. 

EXCEPTION,  an  objection  taken  to  testi- 
mony or  any  relevant  matter  in  a  legal  proceed- 
ing, also  to  an  adverse  ruling  of  the  court  upon 
a  point  of  law.  In  general,  it  must  be  taken 
within  a  prescribed  period  and  must  be  entered 
on  the  record.  The  term  is  also  given  to  the 
exclusion  of  some  part  of  an  instrument,  or 
statement.  It  may  mean  also  the  part  so  ex- 
cluded.   See  Plea  and  Pleading. 

EXCESS.  In  spherical  and  Riemannian 
non-Euclidean  geometry,  the  excess  of  a  tri- 
angle is  the  amount  by  which  the  sum  of  its 
angles  exceeds  180°.  Thus  the  spherical  excess 
of  a  spherical  triangle  with  angles  of  70°,  60° 
and  65  is  15".  Similarly,  the  excess  of  a  poly- 
gon is  the  amount  by  which  the  sum  of  its 
angles  exceeds  the  sum  of  the  angles  of  a  plane 
Euclidean  polygon  with  the  same  number  of 
sides.  The  spherical  excess  of  a  triangle  or 
polygon,  if  measured  in  radian,  is  equal  to  the 
area  of  the  figure  divided  by  the  square  of  the 
radius  of  the  sphere.  In  Lobachevskian 
geometry  the  defect,  or  the  amount  by  which 
the  sum  of  the  angles  of  a  polygon  falls  short 
of  that  of  a  plane  Euclidean  polygon  with  the 
same  number  of  sides,  plays  a  part  quite  anal- 
ogous to  that  of  spherical  excess.  The  term  ex- 
cess is  also  used  to  indicate  the  remainder  when 
one  number  is  divided  by  another.  See 
Trigonometry. 

EXCHANGE,  the  act  of  exchanging  or 
giving  one  thing  for  another.  The  term  also 
signifies  that  which  is  so  given.  In  commerce 
it  is  applied  to  a  place  where  merchants,  brokers, 
etc.,  meet  to  transact  business;  it  is  generally 
contracted  into  'Change.  The  institution  of  the 
modern  exchange  dates  from  the  16th  century. 
Those  institutions  originated  in  the  important 
trading  cities  of  Italy,  Germany  and  the  Nether- 
lands, from  which  last-named  country  they  were 
introduced  into  England.  The  most  celebrated 
arc  the  Royal  Exchange  of  London,  the  Bourses 
of  Paris  and  Amsterdam,  the  Borse  of  Ham- 
burg and  the  New  York  Stock  Exchange  in 
Wall  street.  In  some  exchanges  only  a  special 
class  of  business  is  transacted.  Thus  there  are 
stock  exchanges,  corn  exchanges,  coal  ex- 
changes, cotton  exchanges,  etc.  For  Bill  of  Ex- 
change, see  Bill. 

Course  of  exchange  is  the  current  price  of 
a  bill  of  exchange  at  any  one  place  as  compared 
with  what  it  is  at  another.  If  for  $500  at  one 
place  exactly  $500  at  the  other  must  be  paid, 
then  the  course  of  exchange  between  the  two 
places  is  at  par;  if  more  must  be  paid  at  the 
second  place,  then  it  is  above  par  at  the  other ; 
if  less,  it  is  below  it.  Arbitration  of  exchange 
signifies  the  operation  of  converting  the  cur- 
rency of  any  country  into  that  of  a  second  one 
by  means  of  other  currencies  intervening  be- 
tween the  two.  Consult  Goschen's  standard 
work.  'The  Theory  of  Foreign  Exchange'; 
and  Withers,  'Money  Changing*  (1913). 

In  arithmetic  exchange  is  a  rule  for  ascer- 
taining how  much  of  the  money  of  one  country' 
is  equivalent  in  value  to  a  given  amount  of  that 
of  another.  In  law,  a  mutual  grant  of  equal 
interests,  in  consideration  the  one  for  the  other, 
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is  termed  exchange.  In  physics  the  theory  of 
exchange  is  a  hypothesis  with  regard  to  radi- 
ant heat,  devised  by  Prevost  of  Geneva,  and 
since  generally  accepted.  All  bodies  radiate 
heat.  If  two  of  different  temperatures  be  placed 
near  each  other,  each  will  radiate  heat  to  the 
other,  but  the  one  higher  in  temperature  will 
receive  less  than  it  emits.  Finally,  both  will  be 
of  the  same  temperature,  each  receiving  from 
the  other  precisely  as  much  heat  as  it  sends  it  in 
return.  This  scale  is  called  the  mobile  equi- 
librium of  temperature. 

EXCHANGES,  Government  Regulation 

of.  This  regulation  in  no  way  differs  from  that 
controlling  other  associations,  corporations  or 
banking  institutions,  exchanges  having  no  dif- 
ferent or  special  relations  with  governments. 
They  may  be  held  liable  for  restraint  of  trade 
if  they  fix  prices;  their  transactions  may  be 
subject  to  special  taxes,  or  they  may  be  con- 
sidered as  gambling  under  some  circumstances. 
See  Stocks  and  Stock  Exchanck. 

EXCHEQUER,  eks-chek'er.  in  Great 
Britain,  the  department  which  deals  with  the 
moneys  received  and  paid  on  behalf  of  the  pub- 
lic services  of  the  country.  The  public  revenues 
are  paid  into  the  Bank  of  England,  or  the  Bank 
of  Ireland,  to  account  of  the  Exchequer,  and 
these  receipts  as  well  as  the  necessary  payments 
for  the  public  service  arc  under  the  supervision 
of  an  important  official  called  the  controller  and 
auditor-general.  The  public  accounts  are  also 
audited  in  his  department. 

EXCHEQUER,  Chancellor  of  the.  See 
Chancellor. 

EXCHEQUER,  Court  of.   See  Court. 

EXCHEQUER  BILLS,  bills  of  credit 
issued  by  authority  of  the  British  Parliament  as 
a  means  of  raising  money  for  temporary  pur- 
poses. They  are  of  various  sums  and  bear 
daily  interest.  Generally  paid  off,  or  renewed 
annually  they  were  much  in  demand  and  usually 
quoted  at  a  premium,  and  were  receivable  in 
payment  of  taxes.  These  bills  pass  from  hand 
to  hand  as  money,  and  form  a  principal  part  of 
the  public  unfunded  debt  of  Great  Britain. 
Exchequer  bonds,  which  have  generally  super- 
seded them  in  recent  years,  arc  similar,  but 
they  run  for  a  definite  number  of  years  at  a 
fixed  rate  of  interest.  Exchequer  bills  some- 
what resemble  the  treasury  notes  which  were 
adopted  as  a  financial  expedient  in  the  United 
States  before  the  Civil  War. 

EXCHEQUER  TALLIES.  seasoned 
wands  of  ash,  hazel  or  willow,  formerly  used 
for  checking  accounts  in  the  English  Exchequer. 
Notches  cut  on  the  tally  indicated  by  their  form 
the  class  to  which  the  account  belonged. 

EXCIPIENT  (from  Lat.  exipere,  take  up, 
undertake),  in  pharmacy,  an  inert  or  slightly 
active  substance  used  to  give  form  and  con- 
sistence to  solid  preparations,  such  as  pills,  or 
to  give  palatability  and  the  necessary  qualities 
for  administration  to  any  medicine.  The  various 
conserves,  also  honey,  treacle,  simple  syrups, 
glycerin,  white  of  egg  and  mucilage  of  acacia 
arc  among  the  most  useful  excipients. 

EXCISE,  an  inland  duty  or  impost  laid  on 
commodities  produced  and  consumed  in  the 
countrv.  The  word  seems  to  be  derived  from 
a  Dutch  term  of  similar  meaning,  which  in  turn 
may  be  of  same  origin  as  assize,  its  present 


form  being  influenced  by  a  supposed  derivation 
from  Latin  excisus.  It  must  be  differentiated 
from  customs  duty,  imposed  on  goods  en- 
tering a  country.  In  England  excise  duties 
were  established  in  1643.  On  one  article,  spirits, 
the  duty  was  at  first  only  a  few  pence  per  proof 
gallon;  in  1915  it  was  14s.  9d.  In  the  United 
States  the  internal  revenue  duties  are  analogous 
to  the  British  excise.  For  a  more  detailed  ex- 
planation of  excise,  see  Customs;  Internal 
Revenue. 

EXCISE  LAWS  IN  THE  UNITED 
STATES.  The  struggle  of  the  English  people 
against  excise  was  not  due  to  any  intrinsic  ini- 
quity in  the  tax,  but  parti)'  to  popular  dislike  of 
all  direct  taxes  (see  Customs;  Tariff);  partly 
to  the  inquisitorial  methods  involved,  partlv  to 
their  use  as  a  means  of  strengthening  the  royal 
power  against  popular  control.  At  any  rate,  the 
colonists  inherited  this  unreasoned  dislike,  even 
under  totally  different  conditions;  though  Con- 
necticut had  laid  an  excise  on  spirits  and  all 
use  of  foreign  articles,  and  Massachusetts  and 
Pennsylvania  on  spirits,  before  the  Revolution. 
But  all  shrank  from  giving  the  national  govern- 
ment such  power,  and  several  States  proposed 
amendments  to  the  Constitution  forbidding  the 
United  States  ever  to  lay  excises.  Hamilton, 
however,  recommended  to  Congress  in  1790  an 
excise  on  spirits,  upon  the  most  advanced  mod- 
ern grounds  —  that  it  would  not  only  produce  a 
revenue  without  burdening  any  worthy  indus- 
try or  person,  but  would  chcdc  the  consumption, 
to  the  great  advantage  of  the  community.  With 
great  opposition  the  law  was  passed,  imposing 
a  duty  of  9  to  25  cents  a  gallon  (according  to 
strength)  on  all  native  spirits,  and  a  higher  one 
on  imported.  In  1792  the  tax  was  lowered  some- 
what. Later,  under  Hamilton's  advisement,  the 
scope  was  extended  to  other  articles  of  luxury, 
auction  sales,  stamp  duties  on  instruments  of 
exchange,  etc.  But  it  was  nullified  in  some 
sections  by  passive  resistance;  at  last  in  1794  a 
furious  open  defiance  began  in  Pennsylvania 
(see  Whisky  Insurrection),  which  had  to  be 
quelled  by  the  regular  army.  There  was  no 
further  resistance,  but  no  cessation  of  the  dis- 
like, which  was  naturally  a  Democratic  tenet, 
from  the  power  it  gave  the  general  govern- 
ment; and  when  Jefferson  became  President,  on 
his  recommendation  Congress  abolished  the  en- 
tire system,  which  was  possible  from  the  large 
increase  in  customs  receipts.  The  War  of  1812, 
however,  necessitated  a  fresh  resort  to  it ;  and 
duties  were  laid  on  spirits  (license  tax),  and 
the  same  articles  Hamilton  had  chosen  —  sugar, 
carriages,  auctions  and  exchanges  —  with  salt 
added.  They  were  repealed  in  December  1817, 
and  no  further  excises  were  levied  till  the  sys- 
tem of  internal  revenue  taxes  (qv.)  was 
adopted  in  1862. 

EXCITANT.  Sec  Stimulant. 

EXCITO-MOTOR  ACTION,  the  action 
of  nerves  distributed  to  muscular  organs  the 
stimulation  of  which  leads  to  movement.  Thus, 
irritation  of  a  nerve  supplying  a  muscle  will 
lead  to  contraction  of  the  muscle  by  excito- 
motor  action,  and  irritation  of  certain  nerves 
distributed  to  blood  vessels  will  lead  to  con- 
traction of  the  vessel  by  acting  on  its  muscular 
coat.    See  Nervous  System. 

EXCLUSION,  Bill  of.  a  bill  introduced 
into  the  British  Parliament  (1679)  during  the 
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reign  of  Charles  II  for  the  purpose  of  exclud- 
ing the  Duke  of  York,  he  being  a  Roman 
Catholic,  from  the  throne.  See  Charles  II; 
James  II. 

EXCOMMUNICATION,  an  act  of  eccle- 
siastical jurisdiction  whereby  a  Christian  is 
separated  from  the  communion  of  the  Church. 
It  is  not,  however,  peculiar  to  biblical  religion,  a 
discipline  somewhat  analogous  being  exercised  by 
the  ancient  Romans.  The  clearest  analogy  to 
the  Christian  discipline  is  that  furnished  by  the 
rabbinical  code,  whereby  offenders  were  ex- 
cluded from  civil  and  religious  fellowship. 
Under  the  Christian  dispensation  this  power 
was  exercised  by  the  Apostle  Paul  when  in 
his  first  letter  to  the  Corinthians,  ch.  v,  he 
writes  concerning  a  man  guilty  of  incest  that 
he  "delivers  such  a  one  to  Satan.*  Authority 
for  excommunication  is  found  in  the  words  of 
Christ  reported  in  Matt,  xviii.  "If  he  will  not 
hear  the  church  let  him  be  to  thee  as  the  gentile 
and  the  publican"  In  the  Roman  Catholic 
Church  there  are  two  degrees  of  excommunica- 
tion—  major  and  minor.  By  the  minor  an 
offender  is  deprived  of  the  use  of  the  sacra- 
ments ;  by  the  major  one  he  is  deprived  of  all 
manner  of  communion  or  communication  with 
the  faithful.  In  the  times  when  the  laws  of  the 
Church  were  enforced  in  their  primitive  rigor 
the  excommunicated  were  denied  communication 
with  the  faithful  not  only  in  sacred  things  but 
in  the  common  life;  and  if  a  monarch,  his 
subjects  were  absolved  from  all  allegiance.  This 
is  greatly  modified  now,  and  persons  who  have 
incurred  the  uttermost  ecclesiastical  censures 
suffer  only  the  spiritual  penalties  attached  to 
their  offenses.  But  though  the  Church's  ex- 
communication has  in  the  present  time  lost  all 
its  civil  effects,  a  brief  notice  of  these  effects  is 
necessary  for  an  appreciation  of  the  condition 
of  an  excomnmnicatus  rilandus,  that  is,  of  a 
person  under  the  major  excommunication,  who 
must  l>c  avoided  by  the  faithful,  under  penalty 
of  themselves  incurring  the  minor  excommuni- 
cation. 

A  person  who  is  under  the  major  excom- 
munication is  disqualified  for  acting  as  judge 
or  juror,  notary,  witness  in  courts  of  law,  advo- 
cate, attorney ;  but  he  is  competent  to  plead 
his  own  cause  and  to  sue  others  on  his  own 
behalf.  He  cannot  be  a  guardian  of  a  minor, 
nor  curator,  nor  executor  of  a  last  will,  nor  can 
he  make  contracts.  He  cannot  act  as  a  legis- 
lator. After  death  his  bodv  is  deprived  of 
Christian  burial:  and  if  it  docs  get  burial  in 
consecrated  ground  in  whatever  way,  it  is  to  be 
dug  up  and  cast  out.  The  excommunicate 
under  major  excommunication  must  be  shunned 
by  all  the  faithful:  they  must  not,  under  pain 
of  excommunication  (minor),  communicate 
with  him  either  by  word  of  mouth  or  by  writ- 
ing must  not  greet  him,  nor  have  exchange  of 
gifts  with  him.  If  an  excommunicatus  vitandus 
happens  to  enter  a  church  while  the  Mass  is 
proceeding,  he  must  forthwith  be  put  out ;  if  that 
cannot  be,  then  the  service  must  be  suspended. 
Such  is  the  letter  of  the  laws;  but  long  before 
these  stern  prescriptions  went  into  desuetude 
there  were  notable  assuagements  of  their  rigor 
through  the  interpretations  of  moralists.  To 
illustrate  this  by  one  example  only:  The  serfs 
and  servants  and  the  children,  grandchildren 
and  other  relatives  (even  by  affinity  only)  were 
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permitted  to  continue  their  relations  of  obedi- 
ence and  respect  to  their  head  even  after  he 
was  excommunicated.  See  Bell,  Book  and 
Candle. 

The  Reformers  claimed  and  exercised  the 
same  rights  in  regard  to  excommunication  as 
did  the  Roman  Church.  In  England  the  ex- 
communicated person  was  subjected  to  various 
disabilities;  he  could  not  hold  a  benefice,  or 
practise  as  a  barrister  or  attorney  in  the  courts ; 
and  could  not  be  admitted  as  a  witness.  These 
were  removed  by  Act  of  Parliament  in  England 
in  1813,  and  in  Ireland  in  the  following  year. 
In  the  Presbyterian  churches  of  Scotland  the 
lesser  excommunication  involved  deprivation  of 
•scaling  ordinances" ;  the  greater  excommunica- 
tion is  now  unheard  of,  and  since  the  Revolu- 
tion of  1688  has  carried  no  civil  consequences 
with  iL 

EXCRETION.  See  F.*ces  ;  Sweat  ;  Urine. 

EXCRETORY  SYSTEM,  Comparative 
Anatomy  of  the.  Sec  Anatomy. 

EXCURSION,  The.  'The  Excursion* 
(1814),  Wordsworth's  longest  poem,  was  orig- 
inally designed  as  the  second  part  of  a  still 
vaster  work,  'The  Recluse, 1  in  which  the  poet 
intended  to  embody  in  monumental  fashion  his 
ripest  reflections  on  man  and  nature.  Of  this 
enterprise  'The  Prelude,'  which  was  to  have 
constituted  an  introduction,  'The  Excursion,' 
in  nine  books,  and  one  other  fragment  were 
completed.  Less  interesting,  on  the  whole,  than 
'The  Prelude*  and  the  best  of  the  shorter 
poems,  'The  Excursion'  is  yet  a  rich  and  noble 
work  of  genius,  not  to  be  neglected  by  those 
who  would  master  Wordsworth's  philosophy  or 
appreciate  the  full  compass  of  his  powers.  The 
poem  consists  of  a  series  of  dialogues,  of  which 
the  protagonist  is  The  Wanderer,  a  venerable 
friend  of  the  poet's,  who  from  long  and  loving 
contact  with  nature  and  a  deeply  sympathetic 
knowledge  of  human  life,  has  reached  the 
heights  of  optimism  and  philosophic  calm. 
Meeting  the  poet  at  a  ruined  hut  on  a  common 
he  tells  in  the  first  book  the  pathetic  story  of 
Margaret,  its  last  inhabitant.  They  then  pass 
to  the  secluded  abode  of  The  Solitary,  a  per- 
son in  whom  Wordsworth  has  embodied  the 
disillusionment  and  despondency  characteristic 
of  the  age,  a  reflection  of  what  Wordsworth 
himself  might  have  become  after  the  French 
Revolution  had  not  the  malady  been  checked  by 
a  timely  return  to  the  tranquillizing  influences 
of  his  early  years.  (See  Prelude,  The).  The 
conversation  of  The  Wanderer  and  the  sub- 
sequent discourses  of  a  good  Pastor,  visited  by 
the  party  in  his  parish,  arc  directed  toward  a 
correction  of  The  Solitary's  despondency. 
Standing  amid  the  graves  of  a  country  church- 
yard. The  Pastor  tells  the  simple  but  affecting 
stories  of  the  lives  of  those  who  lie  buried 
there.  In  Books  VIII  and  IX  The  Wanderer  dis- 
courses of  society  and  government,  deploring 
the  industrial  exploitation  of  the  poor,  advocat- 
ing a  system  of  universal  education  and  ex- 
alting morality  as  the  true  basis  of  national 
greatness  and  the  highest  fruit  of  freedom. 
Despite  some  tediousness  inseparable  from  the 
didactic  character  of  the  theme,  the  poem  is  a 
moving  record  of  a  mature  and  sobered  ideal- 
ism, firmlv  held  in  the  fa  ce  of  all  the  influences 
which  work  against  it  —  an  impressive  memorial 
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of  the  strength  and  comfort 
found 

In  the  primal  sympathy 

Which  having  been  must  ever  be; 

In  the  toothing  thoughts  which  spring 

Out  of  human  suffering; 

In  «he  faith  that  looks  through  death, 

In  years  that  bring  the  philosophic  mind. 

For  reference,  see  article  on  'The  Prelude.' 

James  H.  Hanforti. 

EXE,  a  river  of  England,  rising  in  Somer- 
setshire and  flowing  southeast  to  the  Devon- 
shire border,  thence  south  through  Devon  and 
debouching  into  the  Channel  at  Exmouth.  Its 
length  is  about  54  miles.  Tiverton  and  Exeter 
arc  situated  on  the  banks  of  the  Exc. 

EXECUTION,  in  law,  the  carrying  into 
effect  of  the  final  judgment,  decree  or  order  of 
the  court.  Execution  is  effected  by  a  writ  or 
order  directed  to  the  proper  officer  and  com- 
manding him  to  do  a  certain  thing.  In  civil 
law  it  is  the  means  of  obtaining  that  which  the 
court  ordered  to  be  done  by  one  of  the  parties. 
Execution  may  be  had  for  either  plaintiff  or 
defendant.  When  taken  out  by  the  plaintiff 
it  depends  on  the  cause  of  action  as  to  what  is 
to  be  recovered  under  the  writ;  generally  it  is 
for  the  debt  and  costs  or  for  the  goods,  dam- 
ages and  costs.  When  taken  out  by  the  defend- 
ant it  may  be  for  goods,  damages  and  costs, 
and  in  some  cases  it  may  be  only  for  costs. 

As  soon  as  final  judgment  has  been  entered, 
the  party  entitled  to  it  may  take  out  his  writ 
of  execution,  and  he  is  entitled  to  this  writ 
until  the  other  party  has  taken  some  step  which 
is  a  supersedeas,  such  as  an  appeal  or  writ  of 
error.  The  writ  issues  from  the  court  which 
last  passed  on  the  judgment  on  which  the  writ 
of  execution  is  taken  out.  Execution  may  be 
against  personal  property,  taking  and  selling  it, 
or  it  may  be  against  real  estate,  either  holding  it 
until  the  judgment  is  paid  or  selling  it,  or  in 
some  cases  by  the  seizure  of  the  person  of  the 
defendant  and  holding  him  until  the  judgment 
is  satisfied  or  until  he  is  declared  insolvent.  If 
the  property  is  sold  the  fund  derived  from  the 
sale  is  applied  to  paying  the  judgment  and 
costs,  and  the  surplus,  if  any,  is  returned  to  the 
former  owner  of  the  goods.  At  common  law, 
however,  real  property  was  not  subject  to  ex- 
ecution except  for  a  debt  due  the  State  or  the 
king.  By  statute  of  5  George  II.  c.  5,  real 
estate  in  the  colonies  became  subject  to  sale 
under  execution  the  same  as  personal  property. 
A  writ  of  execution,  although  issued  at  the 
instance  of  the  party  in  whose  favor  the  judg- 
ment is,  must  be  directed  to  the  sheriff,  who 
must  carry  out  the  direction  of  the  writ.  If 
he  fails  to  do  so  he  must  answer  in  damages 
to  the  injured  party. 

Originally,  at  common  law,  when  the  execu- 
tion was  against  personal  property,  such  as  goods 
and  chattels,  the  writ  of  fieri  facias  was  used, 
but  to-day  this  writ  may  be  used  against  land 
also.  When  the  personal  property  consisted  of 
choses  in  action  it  was  reached  by  a  writ  of 
attachment.  If  the  execution  was  against  real 
estate  a  writ  of  scire  facias  was  used  (now 
usually  elegit  or  fieri  facias),  and  it  was  sold 
under  a  writ  of  venditioni  exponas.  In  some 
cases,  when  the  judgment  was  confined  to  a 
particular  piece  of  real  estate,  the  writ  of 
levari  facias  was  issued  first  and  it  was  sold 
under  a  writ  of  venditioni  exponas.   In  modern 


usage,  if  the  execution  is  against  the  person  of 
the  defendant  a  writ  of  capias  ad  satisfaci- 
endum may  be  issued  in  some  jurisdictions, 
under  which  the  defendant  is  arrested  and  his 
person  held  until  the  judgment  is  satisfied  or 
until  the  defendant  is  declared  insolvent. 
Sometimes  the  defendant  is  released  if  security 
is  given  that  the  defendant  will  abide  by  the 
order  of  the  court.  Nearly  all  these  writs  and 
other  old  forms  arc  obsolete  or  modified  in 
use  except  fieri  facias  and,  to  a  less  extent, 
elegit  and  capias  ad  satisfaciendum.  Sec  At- 
tachment; Fieri  Facias;  Scire  Facias. 

A  general  judgment  binds  all  property  owned 
by  the  person  against  whom  the  judgment  is 
recovered  at  the  time  the  judgment  is  entered, 
and  it  also  attaches  to  all  property  he  acquires 
up  to  the  time  the  judgment  is  satisfied,  and  if 
the  debtor  sells  any  real  estate  before  the  judg- 
ment is  satisfied,  the  property  is  not  released 
from  the  lien  of  the  judgment.  When  property 
is  sold  under  an  execution  the  purchaser  buys 
only  the  title  of  the  debtor,  and  all  equities 
under  which  he  held  it  still  attach  to  the 
property. 

In  criminal  law  execution  is  the  carrying 
into  effect  of  the  judgment  of  the  court  in  rela- 
tion to  the  person  convicted.  It  consists  in 
putting  the  convict  to  death  according  to  his 
sentence.   See  Capital  Punishment. 

EXECUTION,  Military,  in  drill  regula- 
tions, the  command  following  the  preparatory 
command  and  causing  the  execution  of  the  lat- 
ter. Legally,  a  military  execution  is  the  putting 
in  effect  the  sentence  of  a  military  court.  See 
Military  Law. 

EXECUTIONER,  the  official  who  carries 
into  effect  a  sentence  of  death  or  inflicts  capital 
punishment  in  pursuance  of  a  legal  warrant. 
In  England  it  is  the  province  of  the  sheriff  to 
execute  the  extreme  sentence  of  the  law,  but 
in  practi«c  the  disagreeable  duty  is  performed 
in  his  presence  by  an  officer  retained  for  this 
purpose.  In  Scotland  the  duty  devolves  upon 
the  civic  magistracy,  but  the  strict  letter  of 
the  law  is  avoided  as  in  England  by  the  attend- 
ance of  a  magistrate  to  witness  the  proceedings. 
Several  executioners  have  become  famous  from 
their  names  being  dragged  into  literature  ;  such 
as  Richard  Btandon,  the  supposed  headsman 
of  Charles  I ;  Jack  Ketch,  commemorated  by 
Dryden  (Epilogue  to  the  Duke  of  Guise), 
whose  name  was  long  vulgarly  given  to  all  who 
succeeded  him  (in  London)  in  this  odious  office. 
In  America,  the  title  and  duties  of  the  public 
executioner  differ  in  the  various  States.  In 
some  States  the  sheriff  of  the  county  becomes 
the  executioner,  but  in  New  York  State  the 
warden  of  the  penitentiary  is  technically  the 
executioner.  The  duties  are  usually  performed 
by  one  of  his  subordinates.  In  the  army  the 
provost-marshal  is  the  military  executioner. 
See  Capital  Punishment;  Electrocution; 
Guillotine;  Hanging. 

EXECUTIVE,  in  the  United  States  prop- 
erly, though  in  the  narrow  and  restricted  sense, 
the  entire  official  body  charged  with  the  ex- 
ecution of  the  laws,  but  popularly  the  chief 
officer,  as  President  (of  the  United  States), 
governor  (of  a  State),  mayor  (of  a  city),  etc. 

Executive  Power. — The  executive  functions 
in  the  modern  state  arc  much  more  diversified 
and  important  than  the  usual  definition  of  the 


word  "executive*  would  indicate,  since,  besides 
enforcing  the  laws  enacted  by  the  legislative 
department  of  government,  the  executive,  in  the 
larger  sense,  must  formulate  and  carry  out 
constructive  policies,  direct  the  public  life  of 
the  state,  act  as  its  representative  in  its  rela- 
tions with  foreign  states,  render  many  highly- 
important  decisions  and  exercise  wide  discretion 
and  judgment.  Hence  the  executive  power 
covers  a  range  of  official  activities  wider  and 
more  significant  than  the  mere  fulfilment  of 
the  commands  of  the  legislature.  The  organiza- 
tion of  the  legislative  and  executive  branches 
of  government  necessarily  must  differ  because 
the  former  is  the  body  which  deliberates  upon 
the  needs  of  the  state  and  enacts  the  legisla- 
tion required  to  meet  such  demands,  while  the 
latter's  primary,  though  not  its  sole,  function 
is  to  execute  with  the  utmost  promptness, 
energy  and  efficiency  the  will  of  the  state  as 
formulated  by  the  legislative  body.  To  attain 
such  results  a  single  executive  is  most  desir- 
able, since  the  division  of  executive  power 
between  several  co-equal  authorities  would 
create  confusion  in  times  of  stress,  would  en- 
able the  responsibility  for  action  easily  to 
be  shifted  from  one  shoulder  to  another,  and 
would  result  in  a  lack  of  unity  and  efficiency 
in  government  so  essential  to  its  success.  In 
ancent  Athens  executive  power  was  divided 
between  generals  and  archons ;  in  Rome  be- 
tween two  consuls,  and  in  Sparta  for  many 
years  between  two  kings,  while  in  France  be- 
tween 1795  and  1800  a  directory  (q.v.)  of  five 
persons  was  in  office  and  later  three  consuls 
held  the  executive  power.  The  general  execu- 
tive of  the  American  colonies  was  the  king; 
their  individual  executives,  the  governors,  ap- 
po.ntcd  by  the  Crown  or  (in  Rhode  Island  and 
Connecticut,  and  for  a  few  years  in  Massa- 
chusetts) chosen  by  the  people.  These  were 
succeeded  de  facto  by  the  committees  or  coun- 
cils of  safety;  then  by  officials  usually  called 
governor,  sometimes  president,  and  sometimes 
not  by  single  persons,  but  by  executive  coun- 
cils, as  in  Switzerland.  (See  also  Colonial 
Governments,  Proprietary).  The  general  gov- 
ernment had  no  executive  till  the  adoption  of 
the  Constitution  (q.v.).  The  Continental  Con- 
gress (q  v.)  had  only  such  functions  as  the 
State  legislatures  allowed  it,  which  were  to 
debate  and  ask  for  supplies  and  make  recom- 
mendations; and  the  Articles  of  Confederation 
provided  for  no  executive.  (Sec  United  States 
—  The  Asticles  or  Confederation).  At  the 
present  time  executive  power  is  organized  on 
the  single  person  plan  in  all  countries  save 
Switzerland  which  has  an  executive  council  of 
seven  members. 

In  general  executive  power  may  be  said  to 
include  the  execution  of  the  laws  and  treaties; 
the  conduct  of  foreign  relations  either  with  or 
without  the  aid  or  consent  of  the  legislature 
or  one  of  its  branches;  the  command  and  dis- 
position of  the  military  and  naval  forces;  the 
power  to  approve  or  disapprove  acts  of  the 
legislature,  to  recommend  subjects  and  meas- 
ures for  its  consideration,  and  in  some  coun- 
tries to  summon,  open  and  prorogue  its  ses- 
sions; the  power  of  appointing  and  dismissing 
the  more  important  administrative  officials; 
and  the  right  to  pardon  those  who  have  of- 
fended against  the  laws,  save  in  impeachment 
cases.  The  executive  branch  of  the  government 


in  nearly  all  states,  in  a  greater  or  lesser  de- 
gree, is  empowered  to  issue  ordinances,  regula- 
tions or  decrees  establishing  rules  for  the  con- 
duct of  governmental  officials  and  affairs,  to 
interpret  statutes  for  the  guidance  of  officials 
and  to  supplement  laws  respecting  numerous 
matters  that  have  been  left  to  the  discretion  of 
the  executive.  In  England  such  executive 
legislation  is  accomplished  by  the  "statutory 
rules  and  orders*  issued  by  the  departments  of 
state,  especially  the  home  office  and  the  local 
government  board.  In  France  the  legislature 
enacts  laws  on  broad,  general  principles  and 
allows  the  executive  to  insert  the  details  by 
means  of  ordinances.  The  undefined  and  now 
greatly  restricted  "royal  prerogative"  of  the 
executive  in  monarchical  states  has  no  statutory 
authority  and  may  be  considered  the  remnant 
of  the  king's  common-law  powers.  See  the 
articles  or  paragraphs  on  "Government*  under 
the  titles  of  the  various  nations. 

relations  of  the  national  executive  and 
congress. 

Separation  of  Powers.— When  the  Con- 
stitution was  framed  the  belief  prevailed  that 
the  executive,  legislative  and  executive  depart- 
ments of  government  should  be  separate  and  in- 
dependent, but  nevertheless  this  separation  was 
subject  to  some  modifications  in  the  Constitu- 
tion as  adopted  and  has  been  considerably 
changed  by  the  practices  which  have  developed 
since.  The  Senate  was  allowed  to  wield  a  cer- 
tain amount  of  executive  power  in  that  it  was 
entrusted  with  the  confirming  of  appointments ; 
Congress  was  given  a  considerable  degree  of 
control  over  the  administration  through  its 
right  to  establish,  regulate  and  maintain  the 
various  departments ;  and  the  President  could 
participate  in  legislation  through  his  right  to 
address  or  send  messages  to  Congress  and 
through  his  power  of  veto.  In  recent  years  the 
contest  for  domination  between  the  executive 
and  legislative  branches  has  resulted  in  a  strug- 
gle in  which  each  has  endeavored  to  strengthen 
its  own  position  at  the  other's  expense. 

Patronage.—  Under  Article  II,  §  II.  If  2  of 
the  Constitution  the  President  has  power,  "by 
and  with  the  advice  and  consent  of  the  Senate, 
to  make  treaties,  provided  two-thirds  of  the 
Senators  present  concur ;  and  he  shall  nominate, 
and  by  and  with  the  advice  and  consent  of  the 
Senate,  shall  appoint  ambassadors,  other  pub- 
lic ministers  and  consuls,  judges  of  the  Su- 
preme Court,  and  all  other  officers  of  the  United 
States,  whose  appointments  are  not  herein 
otherwise  provided  for  and  which  shall  be 
established  by  law;  but  the  Congress  may  by 
law  vest  the  appointment  of  such  inferior  offi- 
cers, as  they  think  proper,  in  the  President 
alone,  in  the  courts  of  law,  or  in  the  heads  of 
departments.*  Though  the  fathers  of  the  Con- 
stitution probably  intended  that  the  Senate 
should  refuse  to  confirm  Presidential  nomina- 
tions because  of  unfitness  only,  the  Senate  has 
not  hesitated  to  use  its  power  in  this  respect 
for  partisan  purposes,  chiefly  to  coerce  the 
President.  Under  this  senatorial  power  has 
arisen  the  practice  known  as  "Senatorial 
courtesy*  (q.v.),  the  extent  and  importance  to 
which  this  practice  may  attain  depending 
largely  on  the  President's  character  and  force- 
fulness.  The  Constitution  makes  no  provision 
respecting  removals  from  office,  but  in  1867,  at 
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the  time  of  the  dispute  between  President 
Johnson  and  Secretary  Stanton,  Congress 
passed  the  Tenure-of-Ofhce  Act  (q.v.),  provid- 
ing that  persons  appointed  with  the  consent  of 
the  Senate  should  hold  office  until  their  suc- 
cessors were  appointed  in  like  manner ;  in  other 
words,  the  incumbent  could  be  removed  only 
with  the  consent  of  the  Senate.  The  doubtful 
legality  of  the  act  caused  material  alterations 
in  18W  and  its  final  repeal  in  1887.  (See  also  De 
Facto  Government).  Impeachments  are  rarely 
used,  though  all  branches  of  the  government 
have  had  occasion  to  employ  this  cumbersome 
procedure  (President  Johnson,  Judges  Pickering, 
Chase,  Humphreys,  Peck,  Swayne  and  Archi- 
bald; Senator  Blount;  Secretary  Belknap)  and 
in  the  nine  cases  only  three  convictions  have 
resulted  (Pickering,  Humphreys  and  Archi- 
bald), while  Blount  and  Belknap  were  out  of 
office  when  their  cases  came  up  for  considera- 
tion. Save  by  the  method  of  impeachment 
Congress  cannot  remove  objectionable  officials, 
though  it  may  investigate  and  discredit  them 
and  thus  compel  their  resignation  or  dismissal. 
See  Appointments;  United  States — The  New 
Democracy  and  the  Spoils  System;  United 
States  —  Impeachments. 

Treaty-Making.— The  legislature  is  seldom 
allowed  to  participate  in  the  negotiations  of 
treaties,  but  to  exclude  errors  and  to  prevent 
the  possibility  of  abuse  by  an  unwise,  ambitious 
or  unscrupulous  executive,  the  legislature,  or 
one  branch  thereof,  usually  possesses  power  of 
ratification  before  treaties  negotiated  by  the 
executive  may  become  the  law  of  the  land ; 
hence  the  treaty-making  power  is  neither  purely 
executive  nor  legislative  m  character.  The  Sen- 
ate practically  controls  the  power  of  making 
treaties  through  the  constitutional  provision,  as 
previously  stated,  that  two-thirds  of  the  Sena- 
tors must  approve  the  treaty;  as  a  result  of  the 
encroachment  of  the  legislature  on  the  executive 
the  Senate  now  to  a  certain  degree  participates 
in  the  negotiations  through  its  committee  on 
foreign  relations.  The  House  has  often  en- 
deavored to  exert  some  influence  over  the 
course  of  negotiations  but  the  President  is  not 
obliged  to  heed  the  advice  of  the  House,  its 
concurrence  being  necessary  only  when  legisla- 
tion is  required  to  render  treaties  effective. 
Sometimes,  to  circumvent  the  certain  defeat  of 
a  treaty  in  the  Senate,  the  President  has  entered 
into  an  "executive  agreement*  with  the  country 
involved,  under  which,  by  independent  action, 
the  chief  provisions  of  the  proposed  treaty 
were  carried  out.   See  Treaties. 

Departmental  Affairs. —  The  President's 
power  and  influence  over  the  executive  depart- 
ments vary  and  in  many  respects  are  subject  to 
Congressional  limitation.  He  is  the  head  of 
the  National  administration,  is  obliged  to  en- 
force the  faithful  execution  of  all  laws,  and 
under  Article  II,  §  II,  fl  1  of  the  Constitution 
"may  require  the  opinion,  in  writing,  of  the 
principal  officer  in  each  of  the  executive  depart- 
ments, upon  any  subject  relating  to  the  duties 
of  their  respective  offices1* ;  yet  the  departments, 
being  organized  by  Congress,  are  subject  to  the 
will  of  Congress  under  statutory  regulation, 
which  situation  somewhat  curbs  Presidential 
power  over  departmental  heads  and  their  sub- 
ordinates. From  a  strictly  legal  standpoint,  the 
President  docs  not  possess  full  authority  in  re- 
spect to  the  control  and  direction  of  adminis- 


trative affairs  but  he  can  establish  himself  as 
the  chief  executive  and  administrative  officer 
of  the  government  and  can  make  his  will  ef- 
fective by  removing  an  officer  who  refuses  to 
comply  with  his  wishes  and  appoint  one  who 
will  do  so  —  as  was  the  case  when  President 
Jackson  compelled  the  removal  of  government 
funds  from  the  United  States  Bank.  However 
potent  this  power  may  be,  it  could  not  be  said 
to  constitute  the  President's  chief  means  of 
control  over  administrative  affairs  since  his 
authority  has  been  strengthened  constantly  by 
an  ever-broadening  construction  of  the  consti- 
tutional provisions  requiring  him  to  execute  the 
laws.  His  power  to  issue  and  enforce  executive 
orders  pertaining  to  administrative  affairs  has 
been  sustained  by  numerous  opinions  and  the 
courts  seldom  interfere  to  upset  firmly  estab- 
lished precedents.  When  clothing  the  Presi- 
dent with  executive  power  the  framers  of  the 
Constitution  primarily  intended  that,  besides  en- 
forcing the  laws,  he  should  perform  acts  of  a 
political  nature,  such  as  conducting  foreign  af- 
fairs, which  are  not  subject  to  judicial  review. 
Hence  Congress  seldom  hampers  the  President 
in  his  conduct  of  foreign  affairs  through  the 
State  Department,  and  the  extent  of  his  per- 
sonal supervision  of  such  affairs  depends 
largely  upon  the  personality  (and  of  course  the 
capabilities)  of  the  Secretary  of  State.  But  in 
respect  to  vesting  authority  for  the  administra- 
tion of  affairs  (other  than  political),  the  intent 
of  the  framers  was  not  clearly  indicated  in  the 
Constitution,  since  one  or  more  of  the  secreta- 
ries is  required  to  report  annually  direct  to  Con- 
gress instead  of  to  the  President;  furthermore, 
when  it  deems  necessary  or  wise,  Congress  may 
provide  for  the  management  of  certain  services 
by  joint  committees  of  the  two  Houses,  and 
may  authorize  subordinate  officials  to  perform 
certain  acts  without  the  consent,  approval  or 
intervention  of  their  superiors  or  the  President. 
(Among  the  administrative  services  outside  the 
jurisdiction  of  the  executive  departments  are 
the  Interstate  Commerce  Commission,  the  Civil 
Service  Commission,  the  Government  Printing 
Office,  the  Commission  of  Fine  Arts,  the  Smith- 
sonian Institution,  etc.).  Congress  maintains  a 
close  control  and  regulation  over  the  Treasury 
Department  and  the  administration  of  the  finan- 
cial needs  of  all  departments.  Although  each 
secretary  annually  submits  an  estimate  of  his 
department's  needs,  Congress  not  only  disre- 
gards the  secretary's  recommendations  but,  if 
in  the  mood,  appropriates  vast  sums  which  are 
not  only  not  requested,  but  which  are  deemed 
by  the  secretaries  and  the  President  to  be  un- 
necessary and  wasteful.  Such  oftentimes  are 
appropriations  for  rivers  and  harbors  and  pub- 
lic buildings,  popularly  known  as  the  *pork 
barrel.1   See  Budget  System,  American. 

The  executive  endeavors  to  cultivate  har- 
monious relations  with  Congress  by  complying 
with  requests  for  opinions  and  advice  informa- 
tion, documents,  etc.,  partly  because  the  success 
of  the  administration's  legislative  program  de- 
pends upon  such  harmony  and  partly  because 
Congress  controls  the  purse  of  the  nation. 
This  has  resulted  in  bringing  the  executive  and 
legislature  together  by  devious  and  extra-legal 
methods,  but  m  one  instance  an  opposite  devel- 
opment has  occurred.  In  our  early  history 
Cabinet  members  sometimes  appeared  in  per- 
son before  Congress  to  give  information  or  to 
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outline  and  advocate  or  oppose  policies  and  this 
was  not  unconstitutional.  Department  heads 
cannot  be  members  of  either  House  though  they 
arc  not  excluded  from  the  sessions,  but  the 
early  practice  was  discontinued  and  seems  un  - 
likely  to  be  revived,  though  this  course  was  ad- 
vocated by  a  Senate  committee  in  1881  and  by 
President  Taft  in  a  message  19  Dec.  1912 
See  United  States  —  The  President's  Office; 
United  States  —  The  Cabinet  of  the;  United 
States —  Beginnings  ,of  Executive  Depart- 
ments op  the;  Cabinet  and  Cabinet  Gov- 
ernment; Congress;  Federal  Government; 
Constitutional  Government;  and  the  various 
departments  by  name. 

Presidential  Influence  over  Legislation.— 
Under  Article  I,  §  VII,  f  2  of  the  Constitution 
the  President  may  veto  an  act  of  Congress  and 
such  act  cannot  become  law  unless  repassed 
bv  a  two-thirds  vote  of  both  Houses.  (See 
Veto;  Acts  of  Congress;  Bills,  Course  ok). 
This  fact  is  important  not  because  of  the  fre- 
quency of  Presidential  vetoes,  but  because  it 
enables  the  President  to  dominate  Congress  in 
a  large  measure;  by  a  threat  to  wield  this 
weapon  he  may  prevent  the  passage  of  bad  laws 
and  compel  the  elimination  of  objectionable 
features  from  otherwise  good  ones.  Article  II, 
§  III  provides  that  the  President  "shall  from 
time  to  time  give  to  the  Congress  information 
of  the  state  of  the  Union,  and  recommend  to 
their  consideration  such  measures  as  he  shall 
judge  necessary  and  expedient.*  No  method  of 
communicating  with  Congress  is  suggested  or 
prescribed  and  both  the  written  message  and 
the  speech  in  person  have  been  employed.  Con- 
gress is  not  compelled  to  act  upon  the  Presi- 
dent's recommendations  and  seldom  does  com- 
plete the  suggested  legislative  program,  but  as 
the  legislation  advocated  by  the  President  pre- 
sumably coincides  with  the  policy  of  the  party 
by  which  he  has  been  elected,  as  the  majority 
of  the  members  of  Congress  usually  have  the 
same  political  affiliations,  and  as  the  outcome  of 
future  elections  is  much  influenced  by  the  char- 
acter of  the  legislation  and  the  manner  of  its 
execution,  the  President's  recommendations 
rarely  arc  refused  serious  consideration  and 
generally  are  enacted  into  law.  Moreover  Con- 
gress can  ill  afford  to  ignore  public  opinion  and 
if  the  President  be  a  capable  party  leader  and 
can  arouse  public  interest  sufficiently  to  consti- 
tute a  public  demand  he  is  quite  sure  to  obtain 
the  desired  results.  In  recent  years  the  Presi- 
dent's influence  has  depended  largely  upon  his 
ability  to  control  his  party  whether  through 
force  or  persuasion. 

relations  of  the  national  executive  and  the 
judiciary. 

Conflicts  often  arise  in  the  relations  of  the 
executive  and  judiciary,  due  chiefly  to  the  adop- 
tion of  the  doctrine  of  separation  of  powers 
and  the  fact  that  unconstitutional  actions  and 
laws  are  referred  to  the  courts  for  dctermina- 
tion.  This  conflict  of  relations  is  most  noted 
as  regards  the  State  executives  and  the  Fed- 
eral courts.  Amendment  XI  of  the  Constitu- 
tion provides  that  "the  judicial  power  of  the 
United  States  shall  not  be  construed  to  extend 
to  any  suit  in  law  or  equity,  commenced  or 
prosecuted  against  one  of  the  United  States  by 
citizens  of  another  State,  or  by  citizens  or  sub- 
jects of  any  foreign  State."    Nevertheless  the 


courts  have  decided  that  this  amendment  does 
not  apply  to  an  injunction  or  mandamus  suit 
brought  against  a  State  •fficcr  under  a  Federal 
statute  or  constitutional  -provision  (Ex  parte 
Young,  209  U.  S.  123).  On  the  other  hand 
suits  against  Federal  officers  in  the  State  courts 
have  been  rare  and  never  successful  (see,  for 
instance,  Ablcman  vs.  Booth,  21  Howard  506; 
Tarble's  Case,  13  Wallace  397).  Conversely, 
in  1793  Congress  passed  an  act  prohibiting 
Federal  courts  to  issue  writs  of  injunction  in 
order  to  stay  proceedings  in  State  courts,  save 
in  matters  of  bankruptcy  ('Rev.  Stat.'  720). 
Broadly  speaking,  the  executive  is  not  subject 
to  judicial  control  in  cases  of  discretion  nor 
in  any  political  matter,  save  that  any  executive 
order  which  is  unconstitutional  is  null  and  void, 
even  though  it  be  issued  bv  the  President  him- 
self;  and  any  officer  or  other  person  executing 
such  unconstitutional  order  is  liable  in  dam- 
ages (Little  vs.  Barreme,  2  Cranch  170).  In 
the  case  of  Marbury  vs.  Madison  (consult  also 
Cranch  137)  Chief  Justice  Marshall  enunciated 
the  doctrine  that  although  the  court  could  not 
interfere  with  the  prerogatives  of  the  execu- 
tive it  could  and  would  command  a  head  of  a 
department  to  perform  a  duty  not  dependent 
on  executive  discretion ;  but  the  question  of 
such  executive  coercion  has  not  been  extended 
to  the  President  Furthermore,  so  far  as  the 
President  and  Secretary  of  War  are  concerned, 
the  court  has  decided  that  purely  political  ac- 
tions by  an  executive  are  not  subject  to  judicial 
review  or  injunction  (4  Wall.  475  ;  6  Wall.  50). 
But  while  unauthorized  and  unconstitutional 
executive  orders  are  null  and  void  and  private 
parties  have  the  right  to  sue  for  damages  those 
executing  such  orders,  the  mere  allegation  of 
unconstitutionality  is  not  sufficient  ground  for 
the  courts  to  enjoin  the  enforcement  of  a  stat- 
ute by  the  executive.  In  Wilson  vs.  Shaw  (204 
U.  S.  24)  Justice  Brewer  expressed  the  opinion, 
since  Congress  had  ratified  the  executive  action, 
that  the  courts  "have  no  supervising  control 
over  the  political  branch  of  the  government  in 
its  action  within  the  limits  of  the  Constitution.* 
Indirectly  through  the  appointing  power  the  ex- 
ecutive has  considerable  influence  over  the  judi- 
ciary. See  United  States  —  Judiciary  of  the; 
Supreme  Court;  Court. 

powers  and  influences  of  the  state 
executive. 

Organization  of  the  State  Executive. — 

Unlike  the  National  Government,  where  the 
chief  responsibility  is  concentrated  in  the  hands 
of  a  single  individual,  the  executive  power  and 
responsibility  in  the  States  arc  divided  between 
the  chief  executive  and  a  number  of  other  State 
officers,  virtually  his  colleagues,  over  whom  he 
has  little  or  no  control,  ana  who,  save  in 
rare  instances,  are  elected  by  the  people,  to 
whom  alone  they  are  responsible.  Sometimes 
the  chief  executive  may  belong  to  one  political 
party  and  his  subordinates  or  part  of  them 
to  another,  which  renders  difficult  any  co- 
operation among  departments  or  between  de- 
partments and  the  chief  executive.  Under 
early  State  constitutional  provisions  these 
State  officers  were  either  appointed  by  the 
governor  or  chosen  by  the  legislature  and 
thus  the  governor  had  a  certain  measure  of 
control  over  the  conduct  of  State  business;  but 
in  late  years  these  officers  have  been  elected  by 
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the  people,  as  a  result  of  which  the  governor 
no  longer  can  be  compared  with  the  President 
as  the  head  of  the  administration  which  has 
been  placed  in  power,  having  no  general  au- 
thority to  direct,  remove  or  discipline  such 
elective  officers ;  his  only  power  of  supervision 
is  the  right  to  examine  the  administration  of 
the  respective  offices  and  in  some  cases  to  re- 
move the  incumbents  if  found  guilty  of  mal- 
feasance, corruption  or  gross  negligence.  In  a 
few  States  (New  York  for  instance)  the  treas- 
urer, if  found  to  have  violated  his  duty,  may  be 
suspended  from  office  but  not  removed  by  the 
governor.  As  a  rule  the  governor  may  remove 
his  own  appointees  for  good  cause,  but  the  per- 
son removed  must  be  informed  of  the  reasons 
and  be  afforded  ample  opportunity  to  refute 
the  charges.  In  Massachusetts  and  a  few  other 
States  the  governor  at  first  appointed  all  judges, 
sheriffs,  court  clerks,  registers  of  probate  and 
the  attorney-general,  but  in  most  States  all 
these  officials  (and  in  Massachusetts  all  save  the 
judges)  are  elected  by  the  people.  In  Maine  a 
few  of  the  department  heads  are  appointed  by 
the  legislature,  and  in  New  Hampshire  a  few 
are  elected  on  joint  ballot  of  the  general  court. 
In  Delaware  and  Texas  the  secretary  of  state 
is  appointed  by  the  governor,  while  in  Maryland 
the  secretary  of  state,  state  librarian  and  com- 
mission of  law  office,  in  New  Jersey  the  secre- 
tary of  state  and  the  attorney-general,  and  in 
Pennsylvania  the  secretary  of  state,  the  attor- 
ney-general and  the  superintendent  of  public 
instruction  are  appointed  by  the  respective 
governors  with  the  advice  and  consent  of  the 
senate.  In  New  Jersey  the  treasurer  and  in 
Tennessee  the  secretary  of  state  are  appointed 
by  the  general  assemblies,  but  in  the  latter  State 
the  attorney-general  is  appointed  by  the  judges. 
Governors  still  possess  the  pardoning  power  (in 
most  States  without  restriction),  but  in  a  few 
New  England  States  the  pardon  is  incomplete 
without  the  concurrence  of  the  executive  coun- 
cil. The  governor  is  commander-in-chief  of  the 
State  military  forces  and  may  appoint  his 
military  staff,  but  as  a  rule  the  other  militia  offi- 
cers are  elected  by  the  votes  of  the  military 
organizations. 

Relation  to  Legislation. —  Like  the  Presi- 
dent, the  governor  is  authorized  to  convene  the 
legislature  in  other  than  its  regular  sessions, 
and  again  like  the  President  he  presents  for  the 
consideration  of  that  body  his  views  respecting 
matters  of  public  policy  and  importance  and  his 
recommendations  of  legislation  to  be  enacted 
for  the  good  of  the  State.  As  is  the  case  with 
Congress  the  legislature  is  not  obliged  to  heed 
his  advice  and  often  does  not,  but  in  many  cases 
governors  have  made  direct  and  effective  ap- 
peals to  the  people  to  arouse  public  sentiment 
in  favor  of  their  plans.  All  the  States  save 
North  Carolina  empower  their  governors  to 
veto  legislative  enactments  with  the  excep- 
tion of  constitutional  amendments,  but  when 
returning  such  rejected  measures  they  must 
state  their  reasons  for  objection.  Unless  over- 
ruled by  a  two-thirds  vote  of  both  branches  of 
the  legislature  the  veto  is  absolute,  hut  if  re- 
passed by  the  necessary  vote  the  enactment 
becomes  law  without  the  governor's  signature; 
all  other  acts  approved  by  him  bear  his 
signature. 

Administrative  Powers.— From  the  fore- 
going the  governor's  powers  may  be  surmised  as 
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lying  not  so  much  in  his  constitutional  rights 
or  privileges  as  in  the  moral  atmosphere  and 
prestige  of  his  office,  since  he  represents  the 
highest  dignity  of  the  State.  On  all  public  oc- 
casions he  is  the  first  citizen  of  the  State,  the 
representative  of  its  political,  civil  and  military 
authority.  As  the  official  head  of  the  State  he 
sends  and  receives  communications  in  its  name ; 
issues  proclamations  to  its  people ;  and  owing  to 
a  variety  of  powers,  including  the  bestowal  of 
considerable  patronage,  his  prominence  in  the 
public  eye  and  his  relation  to  the  legislature,  he 
has  an  influence  in  shaping  legislation  far  ex- 
ceeding a  strict  interpretation  of  his  constitu- 
tional prerogatives.  He  is  the  official  and  nat- 
ural exponent  of  the  State  in  National  affairs 
and  in  its  relations  to  the  Federal  Government, 
for  which  reason  he  issues  writs  for'the  holding 
of  elections  to  fill  vacancies  in  Congress  and 
even  under  Amendment  XVII  to  the  National 
Constitution  may  make  temporary  appointments 
of  senators  in  case  of  vacancies  until  the  peo- 
ple fill  such  vacancies  by  elections;  he  trans- 
mits ratifications  of  constitutional  amendments 
and  other  acts  of  the  State  legislature  which 
relate  to  National  matters. 

Tendencies  and  Proposed  Reforms.— The 
evils  of  the  subdivision  of  executive  power  have 
not  only  been  recognized  but  in  many  States  the 
tendency  is  to  remedy  such  defects  by  strength- 
ening the  governor's  control  over  the  adminis- 
tration through  a  wider  appointing  power;  by 
reducing  the  number  of  co-ordinate  elective 
officials ;  by  relieving  him  of  the  confirmation  of 
his  appointment,  by  the  State  senate;  by  recog- 
nizing his  unrestricted  removal  power;  by  au- 
thorizing him  to  make  special  inquiries  into  the 
several  executive  departments  and  during  the 
legislative  recess  to  suspend  officers  who  have 
violated  the  law;  by  empowering  htm  to  require 
from  department  heads  written  statements  per- 
taining to  anything  connected  with  their  re- 
spective duties ;  in  some  cases  by  allowing  him, 
at  stated  intervals,  to  examine  the  accounts  of 
officials  such  as  the  treasurer  and  auditor;  and 
in  some  States  by  requiring  the  principal  State 
officers  to  render  to  the  governor  periodic  re- 
ports covering  the  activities  of  their  depart- 
ments, although  such  reports,  even  if  convincing 
as  to  the  official's  incompetency,  neglect  of  duty 
or  violation  of  the  law,  in  no  way  augment  the 
governor's  power  of  supervision  over  the  ad- 
ministration because  of  his  greatly  restricted 
power  of  removal.  Although  responsible  for 
the  faithful  execution  of  the  laws,  the  governor 
is  often  powerless,  without  the  co-operation  of 
the  department  heads,  to  carry  out  the  constitu- 
tional injunction  owing  to  the  manner  in  which 
the  executive  power  is  divided ;  as  an  example, 
he  cannot  compel  the  attorney-general  unwill- 
ingly to  start  a  suit  against  an  individual  or  a 
corporation  chiefly  because  he  has  neither  the 
power  of  direction  or  removal,  and  this  same 
weakness  characterizes  his  relations  with  other 
State  officers.  The  enforcement  of  responsi- 
bility is  impossible  owing  to  the  multiplication 
of  departments  exercising  administrative 
rs,  and  this  is  particularly  noticeable  in 
s  which  have  boards  and  commissions  the 
members  of  which  are  often  elected  by  the 
people,  though  even  if  they  arc  appointed  by  the 
governor  he  has  little  power  of  control  or 
supervision  over  the  administration  of  affairs 
entrusted  to  them.    New  York,  Pennsylvania 
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and  Massachusetts  each  have  nearly  100  such 
boards  and  commissions,  but  a  movement  is 
going  forward  to  consolidate  most  of  these 
boards  into  one  board  of  control  or  board  of 
affairs.  The  creation  of  the  office  of  "state 
business  manager,"  to  organize  and  manage 
State  business  affairs  under  the  governor's  di- 
rection, has  also  been  proposed.  One  governor 
has  even  recommended  a  system  of  State  rule 
by  commission,  similar  to  the  commission  sys- 
tem of  city  government  (q.v.).  Another  pro- 
posal is  to  authorize  the  governor  to  appoint 
the  principal  State  officers,  who,  collectively, 
shall  constitute  a  cabinet  or  council,  and  to  give 
the  governor  a  large  power  of  initiating  legisla- 
tion. In  this  way  the  State  executive  would 
resemble  the  President  and  his  Cabinet ;  thus 
the  power  ahd  responsibility  would  be  central- 
ized, and  unitv,  co-ordination  and  efficiency 
could  be  introduced  into  the  administration  of 
State  affairs. 

POWERS  AND  INFLUENCE  OF  THE  MUNICIPAL 

EXECUTIVE. 

Growth  of  the  Mayor's  Powers. —  In  the 

government  of  the  borough  during  colonial 
times  the  executive  and  legislative  functions 
were  not  separate.  The  council  was  the  sole 
governing  body  and  the  presiding  officer  was 
called  mayor.  He  was  merely  a  member  of 
the  council,  possessed  no  powers  other  than 
those  of  a  presiding  officer  could  not  veto  en- 
actments of  the  council  and  could  make  no  ap- 
pointments to  office,  though  in  a  few  boroughs 
he  did  have  some  minor  responsibilities,  such  as 
regulating  taverns,  supervising  markets,  holding 
coroners'  inquests  and  hearing  petty  contesta- 
tions at  law.  After  the  Revolution  and  with 
the  advent  of  the  Federal  Government,  the 
mayor's  powers  were  increased  gradually  but 
materially,  owing  to  the  influence  of  the  separa- 
tion of  powers  which  was  put  in  vogue  in  the 
National  and  State  governments.  For  the  first 
time  in  the  history  of  American  cities,  Balti- 
more in  17%  empowered  the  mayor  to  veto 
resolutions  of  the  city  council,  though  vetoed 
measures  might  be  repassed  by  a  three-fourths 
vote ;  the  mayor's  powers  of  appointment  to 
city  offices  were  also  much  enlarged.  In  1822 
Boston  authorized  the  mayor  to  appoint  whom 
he  chose,  subject  to  aldermanic  approbation. 
But  not  until  the  middle  of  the  19th  century  did 
the  municipal  executive  make  much  headway.' 
The  government  of  cities  by  council  had  de- 
veloped inefficiency,  waste,  extravagance  and 
considerable  corruption,  whereupon  the  State 
governments  intervened,  transferring  various 
functions  from  the  councils  to  State-appointed 
and  controlled  boards,  as,  for  example,  in  1860 
the  Baltimore  police  department  was  placed 
under  the  control  of  a  State  board;  in  1866 
the  Chicago  police  suffered  the  same  interven- 
tion: and  in  1865  the  New  York  legislature 
assumed  control  of  police,  fire  protection,  pub- 
lic health  and  licensing  in  New  York  city. 
Subsequently  the  legislatures  restored  a  large 
measure  of  local  control,  but  instead  of  rein- 
stating the  city  council  in  power,  they  placed 
control  in  separate  executive  boards,  the  mem- 
bers of  which  were  appointed  by  the  mayor  or 
elected  by  the  people.  Hence  the  power  of 
appointment  substantially  increased  the  powers 
of  the  mayor's  office  and  in  time  even  the  con- 
firmation of  the  mayor's  appointees  by  the  al- 


dermen was  eliminated  from  city  charters,  as 
was  the  case  in  Brooklyn  in  1882.  Many  other 
cities  followed  Brooklyn's  lead  and  though  a 
large  numlnrr  still  retain  the  practice,  it  is 
gradually  being  abandoned.  It  should  be  re- 
membered, however,  that  in  no  two  cities  of 
the  United  States  arc  the  mayor's  powers  alike, 
and  in  describing  the  position  and  powers  of 
the  American  mayor  even  the  most  important 
statements  must  be  made  with  large  reserva- 
tions; in  New  York  and  Boston  the  authority 
of  the  municipal  councils  is  insignificant  when 
compared  with  the  powers  of  the  mayors, 
whereas  in  Philadelphia  and  Chicago  the  reverse 
is  true,  the  councils  still  maintaining  a  strong 
grip  on  local  governmental  affiairs. 

The  Mayor's  Influence  upon  Legislation. 
—  Theoretically  the  mayor's  office  is  adminis- 
trative and  has  no  legislative  power  but  often 
the  mayor  exerts  a  strong  influence  upon  local 
legislation.  In  some  cities,  like  Chicago,  he 
presides  over  the  sessions  of  the  city  council 
but  in  most  cities  he  not  only  is  deprived  of 
this  privilege  but  may  communicate  with  that 
body  only  through  a  written  message.  Like  the 
President  and  the  State  governor,  the  mayor 
may  and  often  does  suggest  new  legislation  for 
the  consideration  of  the  council  and  to  a  cer- 
tain degree  the  deference  shown  to  his  sugges- 
tions depends  upon  his  personal  character  and 
political  influence.  Like  the  President,  how- 
ever, the  mayor  has  an  effective  weapon  in  the 
veto  power  (but  not  the  privilege  of  the  "pock- 
et veto8),  since  under  most  city  charters  he 
must  pass  upon  every  ordinance  or  resolution 
of  the  council,  and  in  many  cases  mayors  have 
used  this  privilege  without  scruple  to  enforce 
aldermanic  submission.  A  prescribed  majority 
must  be  obtained  to  override  the  mayor's  veto 
whether  the  council  consists  of  one  or  of  two 
chambers,  but  though  the  usual  practice  is  a 
two-thirds  vote,  the  requirement  is  more  rigid 
in  some  cities,  being  three-fifths  in  Philadelphia, 
three-fourths  in  Baltimore  and  seven-ninths  in 
San  Francisco. 

The  Mayor's  Appointing  Power.—  In  most 
cities  the  people  elect  a  few  heads  of  the  city 
departments;  in  other  cities  some  officers  are 
appointed  by  the  council ;  and  in  isolated  cases 
important  city  officials  may  be  appointed  by  the 
State  executive  or  by  the  higher  State  courts. 
But  in  the  majority  of  cities  the  mayor  appoints 
the  departmental  heads,  subject  to  the  approval 
of  the  council  or  board  of  aldermen;  sometimes, 
as  in  New  York  city,  Denver  and  San  Fran- 
cisco, these  appointments  need  not  be  confirmed 
by  any  municipal  or  State  authority,  but  in  a 
few  cases,  as  in  Boston,  such  appointments,  to 
be  effective,  must  be  approved  by  a  State  civil 
service  commission.  Recently  the  system  of 
council  confirmation  has  l«*cn  viewed  with  dis- 
favor and  the  latest  city  charters  omit  the  con- 
firmation feature.  See  Appointments,  Federal, 
State  and  Local. 

Miscellaneous  Functions.— As  reprds  mu- 
nicipal finance,  the  mayor's  powers  have  been 
largely  increased;  the  preparation  of  the  city 
budget,  which  formerly  was  under  the  super- 
vision of  the  council,  has  been  transferrer!  to 
the  city  executive  owing,  in  a  large  measure,  to 
the  inordinate  amount  of  logrolling  in  which 
the  councilmcn  indulge.  In  some  cities.  like 
New  York,  the  preparation  of  the  budget  and 
the  determining  of  the  tax  rate  are  supervised 
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by  the  board  of  csti.natc  and  apportionment  and 
in  other  cities,  like  Boston,  the  mayor  has  direct 
charge  of  the  work,  but  in  all  rases  the  city 
executive  is  deprived  of  the  power  of  making 
appropriations,  this  being  vested  in  the  council, 
which,  under  certain  restrictions,  may  also  in- 
crease or  reduce  the  various  items.  (See  Bud- 
get System,  American).  Some  charters  cm- 
power  the  mayor  to  obtain  reports  from  city 
officials  at  stated  intervals,  to  inspect  accounts 
and  to  conduct  investigations;  and  some  re- 
quire the  mayor's  approval  to  validate  contracts. 
In  a  few  cities,  when  necessary,  the  militia  may 
be  called  out  by  the  mayor  and  in  some  cities 
persons  convicted  and  fined  in  municipal  courts 
may  be  pardoned  by  the  mayor  and  he  may  also 
remit  their  fines.  See  Cities.  American,  Gov- 
ernment of;  Municipal  Government;  Cabi- 
net and  Cabinet  Government;  Commission 
Form  of  Government;  City  Manager  Plan  of 
Government. 
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Irving  E.  Rines. 

EXECUTIVE  AND  JUDICIARY,  those 
branches  of  government  which,  respectively,  are 
entrusted  with  the  execution  of  the  laws,  and 
that  judge  or  determine  the  application  of  the 
laws  to  particular  cases,  their  constitutionality, 
etc.    See  Court;  Executive;  State. 

EXECUTIVE  OFFICER,  in  the  navy  of 
the  United  States  the  officer  of  the  line  next  in 
rank  to  the  captain.  His  appointment  is 
usually  direct  from  the  Navy  Department,  but 
in  some  cases  a  senior  officer  is  detailed  as 
executive  officer  by  the  captain.  On  the  larger 
vessels  this  officer  is  generally  of  the  rank  of 
commander,  but  in  the  smaller  vessels  is  of 
lower  rank.  He  is  the  aide  and  executive  of 
the  captain  in  all  matters  and  is  responsible 
for  all  drills  and  routine  work.  He  has  charge 
oi  the  enlisted  force  and  keeps  their  records. 
In  battle  the  executive  officer  has  general  su- 
pervision of  the  battery  and  of  everything  in 
regard  to  the  safety  of  the  ship  except  naviga- 
tion. While  on  board  he  has  general  supervision 
of  the  organization,  discipline,  exercise,  etc,  of 
the  crew. 

EXECUTIVE  POWER,  narrowly  defined, 
is  that  power  which  enforces  law.  In  its  larger 
aspect  it  involves  the  exercise  of  wide  dis- 
cretion and  judgment,  the  rendering  of  import- 
ant decisions,  and  the  formulation  and  carrying 
out  of  constructive  policies.  The  executive 
directs  the  public  life  of  the  state,  and  in  all 
relations  with  foreign  states  is  its  representative. 
The  principal  function  of  the  executive  is  to 
administer  and  enforce  the  will  of  the  state 
as  formulated  by  the  legislature.  The  execu- 
tive should  be  characterized  by  prompt  de- 
cision, singleness  of  purpose  and  energetic 
action,  objects  which  are  only  obtained  by 
vesting  the  executive  power  in  the  hands  of  a 
single  person.  See  Executive;  Government; 
Governor;  State;  President. 

EXECUTIVE  REFORM.  See  Execu- 
tive; State. 

EXECUTOR  (Lat.  «pcrformer»).  An 
executor  is  one  to  whom  another  man  commits 
his  last  will  and  testament  for  execution  of 
that  last  will  and  testament  (2  Black.  Comm. 
503).  A  person  to  whom  a  testator  by  his  will 
commits  the  execution  or  putting  in  force  of 
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that  instrument  and  its  codicils.  The  following 
is  a  brief  summary  of  an  executor's  duties: 

(1)  He  must  bury  the  deceased  in  a  man- 
ner suitable  to  the  estate  left  behind.  But  no 
unreasonable  expenses  will  be  allowed,  nor  any 
unnecessary  expenses  if  there  is  risk  of  the 
estate's  proving  insolvent.  (2)  Within  a 
convenient  time  after  the  testator's  death,  he 
should  collect  the  goods  of  the  deceased,  if 
he  can  do  so  peaceably;  if  resisted  lie  must 
apply  to  the  courts  for  relief.  (3)  He  must 
prove  the  will,  and  take  out  administration 
papers.  (4)  Ordinarily,  he  must  make  an  in- 
ventory of  personal  property,  and  in  some  States 
of  real  estate  also.  (5)  He  must  next  collect 
the  goods  and  chattels,  and  have  the  claims  in- 
ventoried, with  reasonable  diligence.  And  he 
is  liable  for  a  loss  by  the  insolvency  of  a  debtor, 
if  it  results  from  his  gross  delay.  (6)  He 
must  give  notice  of  his  appointment  in  the 
statutory  form  and  should  advertise  for  debts 
and  credits.  (7)  The  personal  effects  he  must 
deal  with  as  the  will  directs,  and  the  surplus 
must  be  turned  into  money  and  divided  as  if 
there  was  no  will.  An  administrator  must  at 
once  collect,  appraise  and  sell  the  whole.  The 
safest  method  of  sale  is  a  public  auction.  (8) 
He  must  keep  the  money  of  the  estate  safely, 
but  not  mixed  with  his  own,  or  he  may  be 
charged  interest  on  it.  (9)  He  must  be  at 
all  times  ready  to  actually  tile  an  account  within 
the  year  generally  prescribed  by  statute.  (10) 
He  must  pay  the  debts  and  legacies  in  the 
order  required  by  law.  Funeral  expenses  are 
preferred  debts.   Sec  Estate. 

EXECUTORY  DEVISE,  a  bequest  by 
testament  of  a  future  interest  of  real  or  per- 
sonal property,  which  is  such  that  it  may  not 
be  described  as  a  residuary  estate.  It  must 
take  effect  within  a  life  or  lives  in  being  and 
21  years  after.   See  Devise;  Future  Estate. 

EXEDRA,  a  seat  built  out  from  a  portico 
in  Greek  and  Roman  buildings.  Such  seats 
were  usually  simi-circular  in  form  and  some- 
times were  provided  with  a  roof.  Famous  ex- 
amples of  exedras  built  out  of  doors  were  those 
in  the  Street  of  Tombs,  Pompeii.  The  Sieges- 
Allec,  Berlin,  contains  modern  examples  of  this 
kind. 

EXEGESIS,  Biblical.  The  word  «cxegc- 
sis*  is  from  the  Greek  'fW'ir,  primarily  a 
leading  out,  and  coming  to  mean,  an  interpreta- 
tion, an  explanation,  a  making  clear.  The  verb 
'i^tfyf«nm  occurs  six  times  in  the  New  Testa- 
ment, always  in  the  sense  of  revealing  a  fact 
or  of  making  clear  a  truth,  Luke  xxiv,  35; 
John  i,  18;  Acts  x,  8;  Acts  xv,  12,  14;  Acts  xxi, 
1°.  In  John  i,  18,  we  read,  "No  man  hath  seen 
God  at  any  time;  the  only-begotten  Son,  who 
is  in  the  bosom  of  the  Father,  that  one  became 
his  cxegete"  < inrioaro) .   That  is  to 

say,  Jesus  revealed  the  inmost  character  of 
God.  He  made  manifest  what  otherwise  would 
have  remained  hidden.  He  interpreted  God's 
being.  He  made  clear  the  Divine  providence 
and  plan.  His  person  and  his  whole  teaching 
and  life  were  an  exegesis  of  the  invisible  and 
previously  incomprehensible  Godhead.  What 
Jesus  did  for  God's  being  and  providence,  the 
excRete  endeavors  to  do  for  the  Bible.  He 
searches  for  its  inmost  meaning,  explains  what 
is  obscure,  leads  out  to  the  light  what  is  less 
manifest,  makes  clear  all  its  implications  and 


sets  its  complete  import  before  the  mind's  eye. 
The  task  of  Biblical  exegesis,  therefore,  is  to 
clear  up  all  difficulties  and  to  make  plain  the 
meaning  of  the  Bible  text.  It  might  seem  a 
comparatively  easy  thing  to  do  this;  but  cen- 
turies of  endeavor  have  shown  that  while  all 
the  essentials  of  the  revelation  in  the  Bible 
are  reasonably  clear  there  are  problems  con- 
nected with  all  of  the  Bible  books  which  tax  the 
utmost  powers  of  the  greatest  minds  to  master 
them.  Then  at  least  four  temptations  beset  the 
interpreters  of  Bible  truth.  One  of  these  is 
apparent  in  those  exegetes  who 

"  Each  dark  passage  shun 

And  hold  their  farthing  candle  to  the  sun." 

What  is  clear  in  itself  needs  no  further  ex- 
planation. The  office  of  the  exegete  becomes 
a  necessity  only  when  the  meaning  seems  ob- 
scure. Another  danger  in  exegesis  is  that  of 
bringing  a  meaning  to  the  text  instead  of  draw- 
ing the  meaning  from  it.  The  text  is  forced 
into  agreement  with  previous  prejudice  or  opin- 
ion. This  is  nearly  always  fatal  to  the  truth. 
As  an  old  monk  said,  "Whosoever  seeketh  an 
interpretation  in  this  book  shall  get  an  answer 
from  God;  whosoever  bringeth  an  interpreta- 
tion to  this  book  shall  get  an  answer  from  the 
devil.1*  Jerome  put  the  same  truth  more  mildly 
when  he  said,  «He  is  the  best  teacher  who  does 
not  bring  his  doctrine  into  the  Scripture  but 
out  of  the  Scripture."  Sometimes  the  obvious 
meaning  of  the  text  is  unpalatable  to  the  exe- 
gete, for  doctrinal  or  other  reasons,  and  then 
he  is  tempted  to  explain  the  meaning  away. 
This  is  rankest  treason  to  his  calling.  He  is 
expected  to  be  loyal  to  the  truth  and  nothing 
but  the  truth.  If  he  betray  the  truth  in  behalf 
of  a  political  party  or  a  church  organization  or 
a  doctrinal  system  he  is  no  longer  worthy  of  his 
office  or  name.  A  fourth  temptation  is  that  of 
adding  to  that  which  is  written,  improving 
upon  the  text  by  the  addition  of  unwarrantable 
inferences  and  subjective  fancies  and  unjustifi- 
able subtleties  of  every  sort.  It  represents  the 
presumption  of  the  apostle  Peter  at  Caesar  ?a 
Philippi,  who  thought  he  knew  better  than  his 
Lord  what  ought  to  be  said  and  done.  These 
are  four  fundamental  faults  of  all  exegesis;  a 
failure  to  explain  the  meaning  that  is  obscure, 
a  distorting  of  the  meaning  that  seems  obvious, 
an  utter  perversion  of  the  plain  truth,  and  a 
supplanting  of  the  truth  with  merely  human  ver- 
biage or  wisdom.  Wilful  miscarriage,  maiming, 
murder  and  the  substitution  of  a  changeling  for 
the  true  child  are  crimes  in  the  realm  of  inter- 
pretation, as  well  as  under  the  civil  law.  The 
science  of  exegesis  has  sought  from  the  first  to 
free  itself  from  these  faults.  If  it  has  not  wholly 
succeeded  as  yet,  that  is  simply  to  acknowl- 
edge that  like  all  other  science  its  development 
has  been  entrusted  to  fallible  men.  We  may 
trace  various  schools  of  exegesis  through  the 
history  of  the  Church,  and  in  all  of  them  some 
one  or  other  of  these  fundamental  faults  is 
likely  to  be  manifest. 

The  first  important  school  of  exegesis  was 
founded  at  Alexandria,  and  it  flourished  from 
150  to  400  a.d.  Its  most  distinguished  repre- 
sentatives were  Clement,  Origen,  Athanasius, 
Basil  and  the  two  Gregories.  Of  these  the 
peerless  prince  was  Origen.  the  greatest  scholar 
and  saint  the  Christian  Church  has  produced 
since  apostolic  times.  A  great  injustice  has 
been  done  both  him  and  the  Alexandrian  school 
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by  associating  their  names  almost  exclusively 
with  the  allegorical  interpretation  of  the  Scrip- 
tures, in  which  they  sometimes  indulged,  as 
though  this  method  were  their  only  method  or 
were  peculiar  to  them  alone.  Neither  of  these 
things  were  true.  The  allegorical  interpretation 
was  much  older  than  the  Alexandrian  school 
and  has  persisted  in  dragging  out  its  pernicious 
existence  to  this  day.  It  was  prevalent  and 
predominant  in  the  Rabbinical  schools  of  exe- 
gesis before  the  Christian  era  began.  The  Tal- 
mudists  finally  found  a  watch-word  for  their 
mystical  exegesis  in  Pardes,  or  Paradise.  The 
four  letters  of  this  word  in  the  Hebrew,  P  R  D 
S,  were  made  to  indicate  the  four  words,  Peshat 
or  explanation,  Remes  or  hint,  Danish  or 
homily,  and  Sod  or  mystery;  and  these  in  turn 
represented  the  fourfola  interpretation  of 
which  every  passage  in  Scripture  was  capable. 
Rabbi  Ishmacl  declared  that  by  means  of  these 
any  Scripture  could  be  expounded  in  49 
ways  and  the  expositor  could  break  every  text 
into  fragments  even  as  a  rock  is  broken  by  a 
hammer  (Sanhedrin,  34).  The  apostle  Paul 
carried  at  least  one  example  of  allegorical  treat-, 
ment  into  our  New  Testament,  probably  sug- 
gested by  his  Jewish  training  in  the  school  of 
Gamaliel,  Gal.  iv,  22-31.  This  method  was 
introduced  into  Alexandria  by  Aristobulus  and 
pscudo-Aristeas,  and  it  became  authoritative  as 
a  method  of  exegesis  under  Philo,  the  fore- 
most writer  among  the  Alexandrian  Jews  con- 
.  temporary  with  the  Christ.  Philo  found  the 
method  ready  made  to  his  hand,  not  only  by 
the  Jewish  rabbis,  but  also  by  the  Greek  philoso- 
phers who  had  allegorized  Homer  and  Hesiod 
and  the  ancient  Greek  myths  into  conformity 
with  their  more  advanced  ethics  and  faith.  The 
Alexandrian  Church  fathers  thus  found  the  al- 
legorical interpretation  in  vogue  among  their 
heathen  and  Jewish  neighbors  and  forbears. 
They  believed  it  had  a  Scriptural  sanction.  They 
accepted  it  without  question.  Their  genius  and 
wide  influence  gave  it  a  standing  in  the  Chris- 
tian Church  for  centuries;  but  the  Alexandrian 
school  never  had  a  monopoly  of  its  use.  It  is 
unfair,  therefore,  to  hold  them  responsible, 
either  for  the  origination  or  for  the  promulga- 
tion of  this  method  of  Scriptural  interpretation. 
Origen  did  teach  that  there  was  a  threefold 
sense  in  Scripture,  corresponding  to  the  body, 
soul  and  spirit  in  man  —  a  literal  and  a  moral 
and  a  mystical  sense.  But  Jerome  also  made  it 
a-  rule  that  the  Scripture  should  be  interpreted 
in  three  ways,  historically,  tropologically  and 
spiritually;  and  he  related  this  threefold  divi- 
sion to  the  doctrine  of  the  Trinity.  And  Au- 
gustine formulated  one  principle  of  his  exegesis 
in  these  words,  "Whatever  there  is  in  the  word 
of  God  that  cannot,  when  taken  literally,  be 
referred  either  to  purity  of  life  or  soundness 
of  doctrine,  vou  mav  set  down  as  figurative* 
(<De  Doctr.  Christ.  Ill,  ch.  10  sect.  14).  He 
wrote  to  Honoratus,  "All  that  Scripture,  there- 
fore, which  is  called  the  Old  Testament,  is 
handed  down  fourfold  to  them  who  desire  to 
know  it,  according  to  history,  according  to 
aetiology,  according  to  analogy,  according  to 
allegory"  (*De  util.  credendi,'  5).  This  four- 
fold division  was  adopted  by  many  of  the  church 
fathers  and  found  it*  final  formulation  in  the 
famous  couplet  of  Nicholas  of  Lyra. 
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A  good  example  of  this  fourfold  sense  was 
the  Scriptural  use  of  the  word,  Jerusalem.  Lit- 
erally it  was  a  city-  allegorically,  the  church; 
morally,  the  individual  believer;  anagogically, 
the  heavenly  state. 

This  much  may  be  said  for  the  Alexandrian 
school  in  connection  with  the  allegorical  inter- 
pretation of  the  Scripture.  (1)  It  did  not 
originate  this  method.  (2)  It  never  exercised 
any  monopoly  in  its  use.  (3)  It  found  what 
seemed  to  be  a  sufficient  sanction  in  the  typology 
and  allegory  of  the  Apocalypse,  the  Pauline 
epistles,  and  the  epistle  to  the  Hebrews.  (4) 
No  other  method  of  interpretation  would  have 
availed  them,  in  their  stage  of  Biblical  knowl- 
edge and  in  their  environment,  for  the  defense 
of  many  portions  of  the  Old  Testament  Their 
adequate  apology  for  yielding  to  the  fourth 
temptation  mentioned  above  is  to  be  found  in 
the  necessities  of  their  case.  (5)  Their  use  of 
this  method  grew  out  of  their  very  piety  and 
spirituality.  These  simply  joined  forces  with 
their  poetical  imagination  and  philosophical  in- 
sight in  the  endeavor  to  save  the  Scripture  from 
contemporary  disrepute.  (6)  They  never  used 
the  allegorical  method  dogmatically  and  they 
avoided  most  of  the  excesses  of  the  later  day. 
■They  are  always  intelligent  and  reasonable. 
They  evaporated  the  letter ;  they  did  not  stereo- 
type the  spirit*  (Bigg,  'Christian  Platonists  of 
Alexandria,'  pp.  149-150).  Making  all  allow- 
ance for  fault  at  this  point,  the  fact  remains 
that  "Origen  was  the  greatest  Biblical  critic  and 
exegete  of  the  ancient  church*  (Terry,  'Biblical 
Hcrmencutics,)  p.  639).  His  one  object  was  to 
find  and  set  forth  the  edifying  truth  in  the 
Scripture  He  said,  "The  passages  that  are 
true  in  their  historical  meaning  are  much  more 
numerous  than  those  which  arc  interspersed 
with  a  purely  spiritual  signification."  Having 
adduced  many  passages  in  which  a  literal  mean- 
ing seems  impossible,  he  concludes,  "Therefore 
the  exact  reader  must,  in  obedience  to  the 
Savior's  injunction  to  search  the  Scriptures, 
carefully  ascertain  in  how  far  the  literal  mean- 
ing is  true,  and  in  how  far  impossible;  and  so 
far  as  he  can,  trace  out,  by  means  of  similar 
statements,  the  meaning  everywhere  scattered 
through  Scripture  of  that  which  cannot  be  un- 
derstood in  a  literal  signification*  ('De  Prin- 
cipiis,*  IV,  1;  19).  This  is  seen  at  once  to  be, 
as  Davidson  said,  "not  so  absurd  or  injurious 
as  many  represent*  ('Sacred  Hcrmcneutics, '  p. 
68).  Bishop  Lightfoot  is  fully  justified  in  say- 
ing of  Origen,  "A  very-  considerable  part  of 
what  is  valuable  in  subsequent  commentaries, 
whether  ancient  or  modern,  is  due  to  him.  A 
deep  thinker,  an  accurate  grammarian,  a  most 
laborious  worker,  and  a  most  earnest  Christian, 
he  not  only  laid  the  foundation,  but  to  a  very 
great  extent  built  up  the  fabric  of  Biblical  inter- 
pretation" ('Commentary  on  Galdtians,*  p. 
227).  Farrar  declares,  "His  knowledge  of  the 
Bible  and  his  contributions  to  its  interpretation 
were  absolutely  unrivaled*  ( 'History  of  Inter- 
pretation,' p.  188).  Fairwcathcr  adds,  "Properly 
speaking,  Origen  was  the  first  exegete.  Every- 
thing done  in  this  direction  previously  had  been 
merely  preparatory  to  a  scientific  interpretation 
of  Scripture.  .  .  .  One  of  the  great  merits 
of  Origen  is  that  he  never  shirks  a  difficulty. 
.  .  .  Nothing  could  exceed  his  passion  for 
verbal  and  grammatical  accuracy,  or  his  linguis- 
tic and  critical  insight,  while  his  knowledge  of 
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the  ancient  theology  is  unique*  ('Origcn,'  p. 
120).  Harnack  calls  Origcn  "the  father  of  ec- 
clesiastical science  in  the  widest  sense  of  the 
word,"  and  says  that  he  "was  an  exegetc  who 
believed  in  the  Holy  Scriptures  and  indeed,  at 
bottom,  he  viewed  all  theology  as  a  methodical 
exegesis  of  Holy  Writ"  ('History  of  Dogma,' 
II,  pp.  332,  335)"  In  Origcn,  therefore,  we  find 
the  founder  of  scientific  exegesis  and  the  great 
master  in  this  field.  His  faults  were  those  of 
his  age;  his  excellences  have  been  an  abiding 
blessing  to  the  Church.  Our  age  is  coming  to 
agree  with  Gregory  Thaumaturgus  in  his  Pan- 
egyric, when  he  says  of  Origcn  as  an  cxegete, 
"That  greatest  gift  that  man  has  received  from 
God,  and  that  noblest  of  all  endowments,  he  has 
had  bestowed  upon  him  from  heaven,  that  he 
should  be  an  interpreter  of  the  oracles  of  God 
to  men,  and  that  he  might  understand  the  words 
of  God,  even  as  if  God  spake  them  to  him,  and 
that  he  might  recount  them  to  men  in  such 
wise  as  that  they  may  hear  them  with  intelli- 
gence. ...  He  explained  whatsoever  was 
dark  and  enigmatical.  .  .  .  and  set  it  in  the 
light,  as  being  himself  a  skilled  and  most  dis- 
cerning hearer  of  God.  .  .  .  He  alone  of 
all  men  with  whom  I  have  myself  been  ac- 
quainted, or  of  whom  I  have  heard  by  the  re- 
port of  others,  has  so  deeply  studied  the  oracles 
of  God,  as  to  be  able  at  once  to  receive  their 
meaning  into  his  own  mind,  and  to  convey  it 
to  others.  For  that  leader  of  all  men,  who  in- 
spires God's  dear  prophets,  and  suggests  all 
their  prophecies  and  their  mystic  and  heavenly 
words,  has  honored  this  man  as  He  would  a 
friend,  and  has  constituted  him  an  expositor  of 
these  same  oracles ;  the  things  of  which  He  onlv 
gave  a  hint  by  others  He  made  matters  of  full 
instruction  by  this  man's  instrumentality;  and 
in  things  which  He,  who  is  worthy  of  all  trust, 
either  enjoined  in  regal  fashion,  or  simply 
enunciated,  He  imparted  to  this  man  the  gift 
of  investigating  and  unfolding  and  explaining 
them;  so  that,  if  there  chanced  to  be  anyone 
of  obtuse  and  incredulous  mind,  or  one  again 
thirsting  for  instruction,  he  might  learn  from 
this  man,  and  in  some  manner  be  constrained  to 
understand"  (Argument,  XV).  It  is  the  pic- 
ture of  the  perfect  pattern  of  the  union  of  scien- 
tific investigation  and  spiritual  insight  which 
makes  the  model  exegete.  The  transcendent 
genius  of  Origcn  lifted  him  above  his  age  at 
many  points,  and  the  20th  century  is  be- 
ginning to  sec  that  his  conception  of  revealed 
truth  is  far  superior  to  that  of  most  of  his  suc- 
cessors in  the  history  of  the  Church. 

It  has  been  customarv  to  denounce  Origcn 
and  the  Alexandrian  school  for  their  indul- 
gence in  allegory  and  to  contrast  with  them 
most  favorably  the  next  great  school  of  exe- 
getes  at  Antioch.  The  most  distinguished  names 
here  were  those  of  Lucian,  Diodorus,  Theo- 
dore. Theodorct,  and  Chrysostom.  Wc  are  told 
that  these  men  were  literalists  lather  than  alle- 
gorists.  They  held  rigidly  to  the  historical  and 
grammatical  sense  and  it  is  but  natural  that  the 
historical  and  grammatical  critics  of  the  19th 
century  should  applaud  their  opposition  to 
the  allegorical  flights  of  ihc  Alexandrians. 
However,  it  is  well  for  us  to  remember  that 
this  school  has  its  dangers  and  faults  as  well 
as  the  Alexandrian.  Its  literalism  resulted  in  a 
rationalism  which  was  like  a  dry  rot  in  the 
Church.  Historically,  it  led  directly  to  Arianism, 


which  threatened  to  cut  the  tap-root  of  the 
Christian  faith;  and  against  this  the  orthodox 
exegesis  of  Athanasius  the  Alexandrian,  proved 
to  be  the  only  safeguard  of  the  Church  at  the 
last.  Its  tendency  was  to  narrowness,  rather 
than  to  richness.  What  it  gained  in  straitness, 
it  lost  in  breadth.  However,  among  all  the 
Greek  fathers,  Chrysostom  will  rank  next  to 
Origen  in  uniting  the  best  characteristics  of 
both  schools.    "Through  a  rich  inward  ex- 

Srience  he  lived  into  an  understanding  of  the 
oly  Scriptures;  and  a  prudent  method  of 
interpretation,  on  logical  and  grammatical  prin- 
ciples, kept  him  in  the  right  track  in  deriving 
the  spirit  from  the  letter  of  the  sacred  volume* 
(Neander,  "History  of  the  Christian  Religion 
and  Church,*  II,  p.  G93).  Origen  and  Chrys- 
ostom had  no  worthy  successors  in  the  next 
millennium  of  church  history.  Jerome  has  been 
called  the  Origen  of  the  Western  Church  but 
he  was  too  hasty  in  composition,  too  much  in- 
fluenced by  his  personal  prejudice,  and  too 
vacillating  and  uncertain  in  his  own  opinions 
to  deserve  this  name  as  an  exegete.  His  serv- 
ices in  other  directions  were  invaluable.  He 
was  the  greatest  scholar  in  the  West  as  Origen 
had  been  the  greatest  scholar  in  the  East;  but 
he  lacked  the  depth  of  character,  the  consistency* 
of  principle,  and  the  consequent  spiritual  intui- 
tion of  that  greatest  master  in  the  early  Church. 

Augustine  has  exerted  a  wider  influence  upon 
the  Christian  Church  than  any  other  of  the 
church  fathers.  He  was  the  chief  authority  . 
through  the  whole  of  the  mcdurval  age.  Mar- 
tin Luther  was  an  Augustinian  monk  at  the 
time  of  his  conversion ;  and  he  and  Melanchthon 
and  Calvin  and  Bucer  all  built  upon  the  foun- 
dations which  Augustine  had  laid  down.  The 
works  of  the  great  Latin  father  have  been  read 
and  reverenced  by  Protestant  and  Roman  Catho- 
lic alike,  and  it  is  only  in  our  day  that  serious 
question  has  arisen  as  to  his  right  to  continued 
supremacy.  In  the  present  reaction  from  the 
theology  of  the  Latin  fathers  to  the  older  and 
purer  theology  of  the  Greek  fathers,  it  is  in 
the  field  of  scholarly  exegesis  that  the  inferior- 
ity of  Augustine  becomes  most  apparent.  He 
was  not  even  equal  to  Jerome  in  scholarship. 
He  knew  no  Hebrew.  He  was  very  deficient 
in  his  knowledge  of  the  Greek.  He  preferred  a 
translation  to  the  original  text.  He  was  con- 
tinually making  mistakes  as  to  the  meaning  of 
words.  He  had  all  the  defects  of  his  predeces- 
sors, without  their  excuse  for  them.  The 
Alexandrians  had  been  driven  into  the  use  of 
allegory  to  harmonize  the  Gospel  teaching  with 
the  truth  of  Greek  philosophy  and  to  command 
the  hearing  and  respect  of  their  Jewish  con- 
temporaries. But  Augustine  was  an  allcgorist 
of  the  allegorists  when  no  necessity  was  laid 
upon  him  and  when  allegory  had  degenerated 
into  mere  imaginative  ingenuities.  Augustine 
had  genius  and  a  genuine  Christian  experience 
and  consequently  flashes  of  illuminative  inter- 
pretation arc  found  in  his  books,  but  these  can- 
not compensate  for  the  lack  of  the  critical 
faculty  and  a  sound  basis  of  linguistic  scholar- 
ship in  exegesis.  "Spiritual  insight  though  a 
far  diviner  gift  than  the  critical  faculty,  will 
not  supply  its  place.  In  this  faculty  Augustine 
was  wanting,  and  owing  to  this  defect,  as  a  con- 
tinuous expositor  he  is  disappointing*  (Light- 
foot,  'Commentary  on  Galatians,'  p.  233).  His 
total  influence  has  been  an  immeasurable  bane 
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to  Christendom.  He  was  chiefly  responsible  for 
subordinating  exegesis  to  ecclesiastical  authority. 
He  said,  "For  my  part,  I  should  not  believe 
the  gospel  except  as  moved  by  the  authority  of 
the  Catholic  Church*  ('Ep.  c.  Manich.,'  ch.  5. 
sect.  6).  He  declared.  "Now  Scripture  asserts 
nothing  but  the  Catholic  faith"  (<De  Doctr. 
Christ*  III,  ch.  10,  sect.  15).  and  he  bent  his 
exegesis  to  make  good  that  declaration.  He 
fastened  upon  the  Christian  Church  the  dogmas 
which  have  been  the  chief  hindrances  to  its 
progress  for  1,400  years;  "the  exaggerated  doc- 
trine of  total  human  depravity,"  the  guilt  of 
innocent  infancy,  arbitrary  election  involving  a 
practical  denial  of  the  freedom  of  the  human 
will,  atonement  by  quantitative  equivalence  in 
suffering,  the  subtle  systematization  of  divine 
counsels  and  schemes,  the  imperious  necessity  of 
sacerdotalism  and  sacramentarianism,  intoler- 
ance of  opinion  contrary  to  churchly  authority, 
even  when  based  upon  an  earnest  and  intelli- 
gent study  of  the  revealed  Word.  Following 
his  lead  the  Church  has  floundered  for  centuries 
through  sloughs  of  despond  and  has  almost  for- 
gotten the  broader  horizon  and  the  fresher  air 
of  the  high  table-lands  of  the  earlier  theology. 
Among  the  Greek  fathers  no  one  of  these  ques- 
tions which  have  afflicted  our  Latinized  Chris- 
tianity found  an  atmosphere  congenial  enough 
in  which  to  thrive.  We  owe  much  to  Augus- 
tine but  it  is  hard  for  us  to  believe  that  his 
good  influence  can  begin  to  equal  his  evil  influ- 
ence upon  the  Christian  Church.  His  is  the 
last  great  name  among  the  church  fathers.  For 
a  thousand  years  little  or  no  progress  was  made 
in  the  interpretation  of  the  Scriptures. 

The  Schoolmen  contented  themselves  for  the 
most  part  with  copying  and  compiling  the  work 
of  their  predecessors  in  this  field.  It  became  a 
proverb  among  them,  Si  Augustinus  adest  suf- 
ficit  ipse  tibe.  One  of  them  stated  plainly  that 
no  interpretation  of  Scripture  must  be  accepted 
which  ran  counter  to  the  authority  of  the 
Church,  "however  much  such  a  sense  may  be 
in  conformity  with  the  literal  meaning.  Indeed 
that  ought  not  to  be  called  the  literal-  sense 
which  is  repugnant  to  ecclesiastical  authority* 
(Paulus  of  Burgos,  'Prol.  in  Additiones'). 
Even  Gerson  declares,  "The  literal  sense  must 
be  judged  according  as  the  Church  has  deter- 
mined* (Propp.  de  sens.,  lit.  3).  With  no  inde- 
pendence of  thought  and  with  no  fresh  scholar- 
ship the  schoolmen  added  no  new  principle  of 
exegesis  in  a  thousand  years  of  commentary 
writing.  They  were  expending  their  energies 
upon  subtle  and  futile  speculations.  They  com- 
posed great  folios  which  aimed  at  nothing  orig- 
inal and  arrived  nowhere  in  particular.  They 
labored  hard  in  a  treadmill.  They  were  weakest 
in  exegesis.  Only  two  or  three  of  them  knew 
any  Hebrew,  and  most  of  them  knew  very 
little  if  any  Greek.  They  were  unoriginal,  un- 
courageous,  uncertain,  uninformed.  They  had 
a  wrong  notion  of  the  Church  and  a  wrong 
conception  of  inspiration,  and  it  naturally  fol- 
lowed that  they  had  a  wrong  method  of  exe- 
gesis. They  had  their  merits  too,  but  not  as 
cxegetes. 

With  the  Protestant  Reformation  we  come 
to  a  new  era  in  Scriptural  exegesis.  Coleridge 
said  of  the  Reformers.  "The  least  of  them  was 
not  inferior  to  Augustine  and  worth  a  brigade 
of  Cyprians.  Firmilians.  and  the  like"  ('Re- 
mains,' III.  p.  276).  Calvin  sweepingly  asserts, 


"Modesty  will  not  allow  me  to  speak  of  our- 
selves as  fact  would  justify;  and  yet  I  will 
most  truly  declare  that  we  nave  thrown  more 
light  upon  the  Scriptures  than  all  the  doctors 
who  have  appeared  under  the  Papacy  since  its 
commencement.  This  praise  even  they  them- 
selves dare  not  deny  us*  ('Antid.  in  Cone. 
Trid.,'  Sess.  IV).  The  Bible  seemed  like  a 
fresh  discovery  to  the  Church  of  that  day.  For 
the  first  time  it  became  the  property  of  the 
common  people;  and  the  printing  press  made 
it  possible  for  it  to  become  a  common  pos- 
session. It  had  been  locked  up  in  the  Latin 
tongue  and  was  supposed  to  be  the  peculiar 
property  of  the  priests.  Translations  now  made 
it  accessible  to  all  and  the  Protestant  preachers 
constantly  appealed  to  its  authority  in  their 
opposition  to  the  usurpations  and  the  abuses  of 
the  hierarchy.  That  necessitated  a  renewed 
study  of  the  sacred  text  on  both  sides.  It  soon 
became  impossible  for  a  man  to  be  a  doctor 
qf  divinity  for  eight  years,  as  Carolstadt  con- 
fessed that  he  haa  been,  before  be  had  read  his 
New  Testament.  The  Protestants  delighted  to 
circulate  such  stories  as  that  of  Sixtus  of 
Amana  concerning  Albert,  archbishop  of  May- 
ence,  who  read  a  few  pages  in  the  New  Testa- 
ment and  then  put  it  down,  saying,  "I  know 
not  what  book  this  is,  I  only  see  that  all  things 
contained  in  it  are  hostile  to  us"  ('Antibarb. 
Bibl.'  II,  7).  The  churchmen  and  schoolmen 
had  always  based  their  doctrinal  systems  upon 
the  Bible,  but  the  stereotyped  interpretation  of 
the  Scriptures  had  come  to  claim  the  authority 
of  the  Scriptures  themselves.  John  Nathin 
said  to  Martin  Luther  in  the  convent  at  Erfurt, 
"Brother  Martin,  let  the  Bible  alone;  read  the 
old  teachers ;  they  give  you  the  whole  marrow 
of  the  Bible;  reading  the  Bible  simply  breeds 
unrest*  (Lindsay,  'History  of  the  Reformation 
in  Germany.'  p.  200).  Heresbach  the  friend  of 
Erasmus,  heard  it  said  that  the  study  of  the 
original  Greek  was  the  prolific  source  of  all 
heresies,  while  the  study  of  Hebrew  turned  men 
into  Jews  at  once  (D'Aubign*.  I,  ch.  3).  It 
was  deemed  dangerous  for  the  layman  to  at- 
tempt to  understand  the  Scripture  for  himself: 
it  was  his  duty  to  accept  the  interpretation  of 
the  book  by  the  Church.  It  was  at  this  point 
that  the  protest  was  made;  and  all  the  Reform- 
ers insisted  that  the  Bible  ought  to  be  open  to 
every  man  and  that  the  Spirit  of  God  would 
help  every  man  to  a  safe  and  sufficient  under- 
standing of  its  contents.  Luther  came  to  take 
the  position  that  no  external  authority  could 
decide  what  was  Scripture  or  what  was  the 
meaning  of  Scripture  He  said,  "How  can  we 
know  what  is  God's  Word  and  what  is  true  or 
false?  .  .  Who  decides  me  there?  No 
man,  but  only  the  truth  which  is  so  perfectly 
certain  that  nobody  can  deny  if  (Dods,  'The 
Bible,  Its  Origin  and  Nature.'  pp.  3&-40).  Cal- 
vin said,  "Scripture  is  self-authenticated,  carry- 
ing with  it  its  own  evidence.  .  .  .  It  obtains 
the  credit  which  it  deserves  with  us  by  the  testi- 
mony of  the  Spirit*  ('Institution  I,  7;  5). 
Over  against  this  position  may  be  put  the  words 
of  Lacordaire,  "What  kind  of  a  religion  is  that 
which  saves  men  by  aid  of  a  book?  God  has 
given  the  book,  but  He  has  not  guaranteed 
your  private  interpretation  of  it.  .  .  If  there 
be  a  true  religion  on  earth,  it  must  be  of  the 
most  serene  and  unmistakable  authority*  (cf. 
Lindsay  op.  cit,  p.  457).    That  authority  is  not, 
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according  to  Lacordaire,  found  in  private  judg- 
ment but  in  the  infallible  decree  of  Pope  or 
Councils.  Such  was  the  issue  drawn  by  the 
Reformation,  both  parties  claiming  tht  authority 
of  the  Scriptures,  the  one  as  interpreted  by  the 
Church  for  all,  and  the  other  as  interpreted 
by  the  Spirit  to  each  man.  It  was  equally  in- 
cumbent upon  all  concerned  to  show  that  their 
interpretation  was  a  true  one.  This  battle 
over  the  Book  led  to  such  searching  of  the 
Scriptures  as  had  not  been  seen  in  the  Church 
in  any  period  of  its  history. 

The  way  was  opened  for  an  intelligent  dis- 
cussion of  the  Scripture  text  largely  by  the 
labors  of  Erasmus  of  Rotterdam.  His  edition 
of  the  Greek  Testament  became  the  standard 
text  among  the  reformers.  His  translations, 
annotations  and  paraphrases  entitle  him  to  high 
rank  as  an  exegcte.  He  was  independent  in 
judgment,  characterized  by  good  sense,  and  a 
philologist  without  a  peer.  His  aim  was  to 
make  the  meaning  of  the  Word  perfectly  clear 
to  all.  He  said,  "I  do  not  see  why  the  unlearned 
are  to  be  kept  away,  especially  from  the  evan- 
gelical writings,  which  were  proclaimed  alike  to 
learned  and  unlearned,  equally  to  Greeks  and 
Scythians,  as  much  for  slaves  as  for  the  free, 
at  the  same  time  to  men  and  to  women,  not  less 
to  peasants  than  to  kings™  ('Pracf.  in  Paraph, 
in  Matt.').  Erasmus  still  clung  to  the  mystical 
or  allegorical  interpretation  of  certain  Scrip- 
tures and  thought  that  the  Holy  Spirit  had  in- 
tended that  some  words  should  carry  multiple 
meanings.  It  was  Martin  Luther  who  broke 
finally  and  conclusively  with  this  ancient  error. 
He  deserves  highest  honor  as  an  exegcte  as 
well  as  a  reformer  by  the  enunciation  of  this 
principle,  "Each  passage  has  one  clear,  definite 
and  true  sense  of  its  own.  All  others  are  but 
doubtful  and  uncertain  opinions.®  He  added, 
"The  literal  sense  of  Scripture  alone  is  the 
whole  essence  of  faith  and  of  Christian  the- 
ology. .  .  .  Allegories  are  empty  specula- 
tions. .  .  .  An  interpreter  must  as  much  as 
possible  avoid  allegory  that  he  may  not  wander 
into  idle  dreams.  ...  To  allegorize  is  to 
juggle  with  Scripture.  ...  If  we  wish  to 
handle  Scripture  aright,  our  one  effort  will  be 
to  attain  ununt,  simplicrm,  germamim,  et  cerium 
sensum  literalem*  ('Commentary  on  Genesis'). 
Unlike  Jerome  and  so  many  others  who  had 
recognized  these  truths  before  him,  he  is  true 
to  these  principles  in  his  own  exegesis.  He 
published  'Notes'  on  many  portions  of  the 
Scripture,  and  a  complete  'Commentary  on  Gala- 
tiatis.'  His  exegetical  works  were  published  in 
a  score  or  more  volumes  in  both  Latin  and 
German,  and  were  of  paramount  influence  in 
introducing  better  methods  of  exegesis  in  the 
Reformed  Churches.  Metanchthon,  Bucer. 
Zwingli,  Beza  and  many  others  did  notable 
work  in  exegeses  in  the' Reformation  period: 
but  their  books  are  for  the  most  part  unread 
to-dav.  The  greatest  exegete  among  the  re- 
formers was  John  Calvin.  He  wrote  complete 
commentaries  on  nearly  the  whole  of  the  Bible. 
The  single  exception  in  the  New  Testament 
was  the  book  of  the  Apocalypse;  and  Judges, 
Ruth,  Kinps,  Esther,  Ezra,  Nehcmiah,  Proverbs, 
Ecclcsiastes,  and  Song  of  Solomon  were  the 
only  books  left  untouched  in  the  Old  Testa- 
ment. His  commentary  on  the  Psalms  \<-as 
justly  celebrated  for  its  religious  insight ;  and  in 
the  Pauline  epistles  and  the  took  of  Acts  he  Ls 


at  his  best  in  the  New  Testament.  He  wrote 
to  his  friend  Grynaeus  in  1539,  *We  were  both 
of  this  mind,  that  the  principal  point  of  an  in- 
terpreter  did   consist   in   a   plain  briefness. 

.  .  We  wished  that  there  might  be  some 
one  who  gave  his  diligence  not  to  trouble  those 
who  are  desirous  of  learning  with  long  com- 
mentaries* ('Praef.  in  Rom.').  This  suggests 
one  chief  excellence  of  Calvin's  exegetical  work. 
It  is  clear  and  concise  and  not  loaded  down  with 
references  to  a  host  of  other  authorities.  Cal- 
vin has  the  learning  necessary  for  his  task,  but 
he  makes  no  needless  display  of  it.  He  uses  it 
simply  to  present  plainly  the  meaning  of  the 
text.  He  was  honest  and  independent  in  his 
comment,  intelligent  in  his  method  and  com- 
paratively free  from  the  worst  faults  of  all  his 
predecessors  in  this  line.  He  never  agreed  with 
Luther  as  to  the  adequacy  of  the  private  judg- 
ment; and  yet  he  was  a  persecutor  of  those 
who  did  not  agree  with  his  own.  views.  The 
prejudices  of  his  peculiar  theology  appear 
throughout  his  commentaries,  and  the  repudia- 
tion of  his  conception  of  the  decree  as  the 
central  idea  of  Christianity  has  gone  far  to 
detract  from  his  use  and  usefulness  in  the 
America  of  the  20th  century.  However  he  is 
still  worth  consulting  for  his  good  sense  in 
most  things  and  his  good  style  in  all. 

It  seemed  a  necessity  of  the  age  that  all 
Christians  should  be  dogmatists,  and  Protestant 
dogmatism  soon  became  as  deadly  an  influence 
in  the  field  of  exegesis  as  Roman  Catholic  tra- 
dition had  ever  been.  The  successors  of  the 
great  Reformers  were  like  the  schoolmen  who 
succeeded  the  great  Fathers  of  the  earlv  Church. 
They  were  subservient  to  authority  and  fettered 
by  dogma;  and  in  the  17th  and  18th  centuries 
very  few  exegetes  appeared  whose  works  are 
read  to-day.  The  scholarship  of  the  elder  Light- 
foot  is  valued.  The  practical  comments  of  Rob- 
ert Leighton  on  First  Peter  arc  still  enjoyed. 
John  Owen's  Excrcitations  on  the  Epistle  to 
the  Hebrews  is  a  monument  of  erudition  and 
pious  reflection ;  but,  like  Caryl  cn  Job,  it  is  too 
voluminous  to  hold  attention  in  this  modern 
age.  Robert  Hall  said  of  Owen,  aHe  always 
takes  for  granted  what  he  ought  to  prove,  while 
he  is  always  proving  what  he  ought  to  take  for 
granted;  and  after  a  long  digression,  he  con- 
cludes very  properly  with.  This  is  not  our  con- 
cernment ;  and  returns  to  enter  upon  something 
still  farther  from  the  point.*  Adam  Clarke 
added,  "To  me  he  is  one  of  the  most  unsatis- 
factory of  writers.  His  sense  and  meaning:  he 
drowns  in  a  world  of  words.  He  cannot  con- 
dense his  meaning,  and  never  comes  to  the 
point,  but  by  the  most  intolerable  circumlocu- 
tion* (Etheridge,  'Life  of  Adam  Clarke,'  pp. 
317-318).  He  may  stand  as  probably  the  last  ex- 
ample the  world  will  ever  sec  of  such  intoler- 
able prolixity.  Arminius  and  Grotius  intro- 
duced the  reaction  from  Calvinistic  and 
Lutheran  and  Augustinian  exegesis,  which  has 
been  gathering  force  ever  since  and  which  has 
about  come  to  its  triumph  in  America.  Coc- 
ceius  and  Vitringa  in  their  opposition  to 
scholasticism  and  dogmatical  bias  furnished  a 
series  of  commentaries  with  many  excellent 
qualities,  but  reverting  too  far  in  the  direction 
of  the  mystical  or  allegorical  interpretation. 
Beneel's  Gnomon  is  a  model  of  brevitv  and 
learning  in  exegesis.  Philip  Schaff  calls  it 
"a  marvel  of  multum  in  parvo*    Henry,  Scott 
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and  Adam  Clarke  wrote  devotional  commen- 
taries which  are  still  in  use.  Ernesti  has  been 
regarded  as  the  founder  of  a  new  exegetical 
school,  attempting  to  hold  the  via  media  be- 
tween the  allegonsts  and  the  dogmatists.  His 
exegesis  was  predominantly  grammatical.  Sem- 
ler,  pietist  and  rationalist,  introduced  the  his- 
toric method  of  exegesis,  and  prepared  the 
way  for  the  unparalleled  exegctical  activity  of 
the  19th  century.  The  most  dominant  influence 
in  the  19th  century  in  the  whole  field  of  theol- 
ogy was  that  of  Schleiermacher.  He  was  the 
founder  of  what  has  been  called  the  psycho- 
logical school  of  exegesis.  He  was  both  ration- 
alistic and  supernaturalistic  in  his  interpretation 
of  the  Scriptures.  He  appealed  to  opposing 
classes  and  did  much  to  bring  all  Germany  back 
to  a  central  emphasis  upon  the  person  and  teach- 
ing and  influence  of  Christ.  In  Germany  and, 
through  Coleridge  and  Maurice,  in  England  and 
America  his  spirit  and  methods  have  been  fruit- 
ful of  much  good  in  Biblical  study.  "Church 
history  offers  no  parallel  to  him  since  the  days 
of  Origen*  (tarrar,  'History  of  Free 
Thought,*  p.  244).  He  was  the  "Plato  and 
Origen  of  Germany  in  the  19th  Century"  (Philip 
Schaff).  He  based  his  religion  upon  faith  and 
feeling,  and  he  made  the  Christian  conscious- 
ness and  personal  experience  the  guiding  lights 
of  his  Scriptural  interpretation.  He  claimed  a 
Divine  compulsion  in  his  teaching  and  spoke 
and  wrote  with  prophetic  fervor  and  authority. 
He  said,  "Divinely  swayed  by  an  irresistible 
necessity  within  me,  I  feel  myself  compelled  to 
speak.  .  .  .  Nor  is  it  done  from  any  caprice 
or  accident.  Rather.  .  .  it  is  a  divine  call" 
('Redcn  tiber  die  Religion,*  I).  His  personal 
magnetism  and  pronounced  genius,  his  eloquence 
and  earnestness,  the  genuineness  of  his  Christian 
experience,  the  remarkable  breadth  of  his  vision 
and  thought,  and  the  intensity  of  his  spiritual 
zeal  gave  him  a  most  extraordinary  influence 
upon  his  own  and  succeeding  generations.  He 
vindicated  the  right  of  Christian  experience  to 
an  equal  hearing  with  the  results  of  any  purely 
scientific  research.  His  spirit  pervades  the 
Christian  world  to-day  and  will  maintain  its 
permanent  place  in  Christian  thought.  De 
Wette  was  the  greatest  exegete  among  the  dis- 
ciples of  Schleiermacher.  His  work  represents 
prodigious  learning  and  "perfect  loyalty  in  the 
search  for  truth"  (Godet).  He  expresses  him- 
self clearly,  but  does  not  always  come  to  a  de- 
sirably definite  conclusion.  Credner  occupied 
practically  the  same  standpoint. 

The  year  1835  marked  a  new  era  in  all 
scientific  Bible  study  (Pfleiderer,  'Development 
of  Theology,*  p.  209).  In  that  year  Strauss 
published  his  'Life  of  Jesus,*  Baur.  his  work  on 
the  'Pastoral  Epistles, >  and  Vatke,  his  'History 
of  the  Religion  of  the  Old  Testament.*  Each 
of  these  books  may  be  regarded  as  epoch- 
making. 

Eichhorn  has  reduced  the  rationalistic  treat- 
ment of  the  Scriptures  to  a  scientific  system. 
Strauss  was  the  first  to  put  this  rationalism  into 
concrete  and  popular  form.  Baur  was  the 
founder  of  the  Tubingen  or  Tendency  school, 
which  probably  represented  in  Germany  the 
greatest  theological  movement  of  the  century. 
Baur  endeavored  to  bring  all  his  exegesis  to 
the  bar  of  historical  investigation.  He  examined 
all  traditional  exegesis  critically  and  subjected 
the  New  Testament  books  to  a  more  thorough- 


going analysis  than  they  had  ever  known.  He 
emphasized  the  theological  standpoint  of  each 
writer,  and  he  thought  he  detected  an  irrecon- 
cilable antagonism  between  the  Pauline  and  the 
Petrine  wings  of  the  Christian  Church.  He 
stimulated  Bible  study  to  an  astonishing  degree. 
His  personal  power  was  manifest  in  the  re- 
markable group  of  disciples  he  gathered  about 
him.  Among  these  we  may  mention  Zelter, 
Schwegler,  Hilgenfeld,  Holsten,  Pfleiderer  and 
Volkmar.  The  entire  movement  inaugurated  by 
Baur  has  been  characterized  by  comprehensive 
and  accurate  scholarship,  the  value  of  which  has 
been  somewhat  impaired  by  the  critical  presup- 
positions upon  which  it  was  based.  Strauss 
came  over  into  this  school  in  the  second  edi- 
tion of  his  'Life  of  Jesus.*  Ritschl  began  his 
career  in  it,  but  later  swung  clear  of  it  and 
became  the  founder  of  a  distinct  school  of 
thought,  to  which  Harnack.  Jtilicher,  Kaftan, 
Hermann  and  Von  Soden  adhere. 

Ritschl  claimed  to  repudiate  all  metaphysical 
presuppositions  and  to  found  his  system  on  the 
religious  consciousness  alone.  He  believed  that 
the  primitive  faith  sprang  from  the  person  and 
word  of  Jesus,  with  no  philosophical  alloy  in 
the  beginning.  He  held  that  experience  limits 
the  domain  of  knowledge.  The  Scriptures  are 
sufficient  in  themselves  to  reveal  the  spiritual 
and  moral  worth  of  the  kingdom  of  God 
whose  end  is  realized  in  love.  Dogmatics  and 
ethics  unite  in  the  higher  synthesis  of  the 
revelation  of  the  New  Testament.  Frank  was 
the  most  determined  opponent  of  Ritschliantsm 
in  Germany.  He  pointed  out  the  lack  of  a  true 
and  deep  conception  of  sin  in  this  system  of 
thought,  and  its  consequently  inadequate  notion 
of  atonement  and  conversion;  and  he  claimed 
that,  instead  of  rejecting  metaphysics,  the  whole 
system  was  based  on  a  'highly  developed  but 
false  and  contradictory  metaphysics  of  its  own. 

Vatke  in  1835  outlined  the  revolution  which 
has  since  taken  place  in  the  conception  of  Old 
Testament  history.  His  book,  however,  was 
overloaded  with  philosophical  terminology  and 
met  with  no  general  appreciation  and  soon 
seemed  to  be  forgotten.  Keuss  lectured  along 
the  same  lines  at  Stra&sburg,  and  two  of  his 
pupils,  Graf  and  Wcllhauscn,  published  the  new 
hypothesis  of  the  development  of  Old  Testa- 
ment ritual  and  literature.  It  was  Vatke's 
theory  brought  to  life  again,  and  it  has  exer- 
cised increasing  influence  upon  the  exegesis  of 
all  the  Old  Testament  books  for  the  last  half 
century.  The  prophets  have  come  into  new 
prominence  as  a  result  of  this  study.  They 
are  recognized  as  the  founders  of  the  Hebrew 
religion.  The  Law  in  its  present  form  was  of 
later  growth  in  the  Jewish  Church.  The  Penta- 
teuch has  been  resolved  into  a  number  of  docu- 
ments. Deuteronomy  is  believed  to  belong  to 
the  times  of  Josiah.  Isaiah  and  other  prophetic 
books  are  shown  to  be  of  multiple  authorship. 
The  Psalms  come  last  in  the  Hebrew  sacred 
literature.  Stade,  Budde,  Smend,  Schultz  and 
others  have  represented  this  school  of  thought. 

Germany  has  been  the  great  battle-ground 
of  the  Higher  Criticism  through  the  last  cen- 
tury; and  the  exegetes  have  enrolled  themselves 
among  the  critical  and  the  traditional,  the  more 
radical  and  the  more  conservative  camps.  Ne- 
andcr  the  champion  of  spirituality.  Hcngsten- 
berg  the  bulwark  of  orthodoxy,  Delitzsch  the 
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pre-eminent  scholar,  did  valiant  service  for  what 
they  deemed  the  traditional  truth.  Just  before 
his  death  Delitzsch  seemed  disposed  to  go  over 
into  the  critical  ranks.  Dillmann  and  Gunkel 
have  adopted  the  newer  views.  The  indispen- 
sable commentary  in  the  New  Testament  field 
has  been  that  of  H.  A.  W.  Meyer.  Characterized 
by  grammatical  rigor  and  literary  freedom,  and 
brought  up  to  date  by  frequent  revisions,  it  has 
maintained  itself  as  a  standard  authority  for 
two  generations.  The  principal  contributor  to 
the  later  editions  has  been  Bernard  Weiss,  the 
present  prince  of  all  laborers  in  the  cxegetical 
field.  Having  completed  more  than  50  years  of 
University  service  he  stands  to-day  without  a 
peer  in  his  record  of  worthy  achievement  as  a 
textual  critic  and  commentator.  He  is  incom- 
parable for  minute  and  searching  investigation, 
exactness  and  solidity  of  scholarship.  His  as- 
sociates in  the  Meyer  Commentary  series  have 
been  Wcndt,  Heinrici.  Sieffcrt,  Schmidt,  Diistcr- 
dieck  and  Bcyschlag.  Lipsius,  Wcizsackcr, 
Schmiedcl  and  Holtzmann  have  represented  the 
more  advanced  school  of  commentators.  Bleek 
did  most  admirable  work  in  the  earlier  part  of 
the  century  and  Luthardt  and  Hofmann  have 
been  conservative  leaders  in  the  latter  days. 

Among  the  Dutch  theologians  the  dominant 
tendency  in  the  last  century  has  been  toward 
extreme  radicalism.  Scholten  and  Kuenen  have 
represented  advance  thought  in  the  Old  Testa- 
ment field,  while  Loman,  Picrson,  Naber,  Volter 
and  Van  Manen  have  been  generally  considered 
hypercritical  in  the  discussion  of  New  Testa- 
ment questions.  Steck  has  represented  the  latter 
school  in  Switzerland;  while  Godct  has  nobly 
upheld  the  traditions  of  orthodoxy  in  this  land. 
Godet  combines  a  French  felicity  of  style  with 
a  German  thoroughness  of  scholarship  and  adds 
to  these  a  genuine  spiritual  fervor  which  makes 
his  commentaries  on  Luke,  John  and  Romans 
veritable  masterpiece*  of  exegesis.  It  may  well 
be  doubted  if  the  century  has  produced  more 
luminous  and  interesting  contributions  to  this 
field. 

France  has  furnished  the  brilliant  and  ver- 
satile and  radical  Renan,  and  the  more  profound 
and  philosophical  Dc  Presscnse ;  and  it  is  mak- 
ing its  influence  felt  to-day  through  the  writ- 
ings of  the  new  Symbolo-Fideistic  school,  Stap- 
fer,  Sabatier  and  Menegoz  being  the  chief 
theological  representatives.  This  school  em- 
phatically repudiates  the  infallibility  of  Pope  or 
Church  and  just  as  emphatically  renounces  the 
infallibility  of  Scripture  or  the  Christ  recorded 
in  Scripture.  It  believes  that  philosophy  can 
never  deduce  any  religious  truth  from  its  prem- 
ises, and  so  repudiates  rationalism  as  a  founda- 
tion for  faith.  It  believes  in  a  Divine  revelation 
through  the  immanent  Spirit  of  God.  It  identi- 
fies prayer  and  religion.  All  expression  of  re- 
ligious impression  must  be  through  images  or 
symbols.  "All  religious  formulas  arc  symbolic 
formulas;  and  Dogmatic  itself  is  a  great  system 
of  symbols"  (Menegoz).  The  essence  of  the 
gospel  is  to  be  distinguished  from  what  is 
merely  contingent.  Jesus  is  the  perfect  mani- 
festation of  God  in  man.  Salvation  is  by  faith 
and  faith  consists  in  repentance  and  heart-sur- 
render to  God.  The  advocates  of  this  school 
confidently  claim  that  the  future  belongs  to 
them. 

In  Great  Britain  the  century  has  furnished 


some  masterly  cxegetical  work.  Cambridge 
University  has  easily  taken  the  honors  in  this 
field.  Dean  Alford  in  his  'Commentary  on  the 
Greek  Testament*  introduced  the  best  results 
of  German  exegesis  to  English  readers.  Bishop 
Ellicott  gave  splendid  examples  of  painstaking 
investigation  of  the  Scriptural  text.  The  great 
trio  of  later  Cambridge  scholars.  Light  foot, 
Wcstcott  and  Hort,  have  reached  the  high- 
water  mark  of  English  scholarship  in  their 
field.  Bishop  Lighlfoot's  commentaries  upon 
the  Pauline  Epistles  have  been  standard  au- 
thorities ever  since  their  publication.  Wcstcott 
did  equally  fine  work  upon  the  writings  of  John 
and  the  Epistle  to  the  Hebrews.  Hort  was  gen- 
erally reputed  to  be  the  greatest  scholar  of  the 
three,  but  his  extreme  modesty  and  his  realiz- 
ing sense  of  the  yet  unattained  perfection  pos- 
sible in  his  work  kept  him  from  the  publica- 
tion of  any  but  fragmentary  treatises.  His  in- 
fluence lives  among  his  students  and  associates. 
Mayor  on  James  and  Second  Peter  and  Judc,  and 
Swetc  on  Mark  and  the  Apocalypse  arc  worthy 
companions  of  the  other  Cambridge  University 
commentaries.  Professor  Davidson  of  Edin- 
burgh was  the  leading  Hebrew  scholar  of  Great 
Britain  in  the  century,  and  his  pupils.  W.  Rob- 
ertson Smith  and  George  Adam  Smith  and 
others,  have  done  yeoman  service  in  revolution- 
izing and  revitalizing  the  exegesis  of  the  Old 
Testament.  Sanday,  Driver,  Plummer,  Beet, 
Findlay,  Bruce  and  Dods  have  done  excellent 
interpretative  work.  The  'International  Critical 
Commentary'  and  the  'Expositor's  Greek  Tes- 
tament,'  bid  fair  to  continue  the  best  traditions 
in  English  exegesis. 

America  has  had  a  share  in  the  cxegetical 
labor  of  the  century.  Moses  Stuart,  J.  A.  Alex- 
ander, Hackctt,  Hodge,  Shcdd.  Harper,  Mitch- 
ell, Moore,  Toy,  Vincent  and  others  have  pro- 
duced cxegetical  studies  of  acknowledged  merit. 
Albert  Barnes,  Henry  Cowlcs,  J.  A.  Broadus 
and  D.  D.  Whedon  have  published  series  of 
helpful  and  devotional  commentaries.  Ezra 
Abbott,  Edward  Robinson,  McGiffert,  Mathews, 
Burton,  Briggs,  Bacon,  Gilbert,  Stevens,  Allen 
and  Smyth  have  done  first-class  service  in 
special  fields. 

The  Roman  Catholic  Church  began  the  cen- 
tury with  two  most  worthy  representatives  of 
Biblical  learning.  Hug  ably  combated  the 
rationalistic  tendencies  of  his  day  and  defended 
the  traditional  views  of  the  origin  of  the  New- 
Testament  writings.  Herbst  performed  the 
same  service  for  the  Old  Testament.  During  the 
greater  part  of  the  century,  however,  free  in- 
quiry has  been  more  or  less  stifled  by  the  au- 
thority of  "the  usual  exegesis  of  Scripture.* 
Scientific  research  has  been  systematically  dis- 
couraged and  any  tendency  toward  a  new  or 
modified  interpretation  of  the  Scriptural  text 
and  any  originality  of  conclusions,  such  as  may 
not  be  guaranteed  by  the  authority  of  the 
Fathers  and  the  Councils  of  the  Church,  have 
been  frowned  upon  by  those  in  the  places  of 
power.  A  better  condition  of  affairs  seems  to 
be  on  the  point  of  realization  now.  A  growing 
body  of  students  within  the  pale  of  the  Church 
have  felt  the  influence  of  the  great  onward 
movements  in  the  Protestant  world  and  arc 
beginning  to  demand  the  privilege  of  free  in- 
quiry and  the  use  of  modern  methods  in 
exegesis.   They  point  to  the  critical  work  in 
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the  writings  of  Origen  and  Jerome  and  Euse- 
bius  and  other  Christian  scholars  and  saints  as 
proof  that  scientific  research  is  no  novelty  in 
the  Catholic  Church,  and  they  claim  the  right 
to  follow  in  the  footsteps  of  these  illustrious 
critics  of  antiquity.  A  measure  of  freedom 
would  seem  to  be  already  granted  them  since 
Pope  Pius  X  wrote  to  Bishop  Lc  Camus, 
*Wc  should  not  approve  the  attitude  of  those 
who  in  no  way  dare  to  depart  from  the  usual 
exegesis  of  Scripture,  even  when,  faith  not 
being  at  stake,  the  real  advancement  of  learn- 
ing requires  such  departure.  You  follow  a  wise 
middle  course,  and  by  your  example  show  that 
there  is  nothing  to  be  feared  for  the  sacred 
books  from  the  true  progress  of  the  art  of 
criticism,  nay  that  a  beneficial  light  may  be 
derived  from  it,  provided  its  use  be  coupled 
with  a  wise  and  prudent  discernment*  (Dated 
11  Jan.  1906).  What  this  "wise  and  prudent 
discernment*  may  be  is  probably  best  illustrated 
in  the  decisions  of  the  Biblical  Commission  ap- 
pointed by  Leo  XIII,  in  its  report  upon  the 
Pentateuch,  published  in  the  Revue  Biblique  and 
dated  27  June  1906.  The  report  is  presented 
in  the  form  of  questions  and  answers  in  cate- 
chism style.  They  may  be  summarized  as  fol- 
lows :  May  one  assert  that  Moses  was  not  the 
author  of  the  Pentateuch,  but  that  it  was  made 
up  largely  of  later  elements?  No.  Must  Moses 
then  have  written  the  whole  of  the  Pentateuch 
with  his  own  hand,  or  dictated  it  to  secretaries? 
No.  May  Moses  have  committed  the  editing  of 
it  in  whole  or  in  part  to  secretaries  and  have 
permitted  the  publication  of  it  under  his  name? 
Yes.  May  he  have  used  sources,  documents  or 
oral  traditions,  borrowing  sometimes  the  words, 
sometimes  the  sense?  Yes.  May  the  Pentateuch 
have  undergone  modifications,  "additions  made 
after  Moses'  death  by  an  inspired  author. , 
glosses  and  parenthetical  explanations,  ancient 
words  and  phrases  turned  into  more  modern 
language,  false  readings  to  be  attributed  to 
errors  of  copyists,  which  criticism  may  examine 
and  weigh  according  to  its  principles?  Yes,  the 
Church  reserving  judgment."  The  rights  of 
the  newer  criticism  to  a  hearing  and  standing 
in  the  Church  are  clearly  allowed  in  this  report, 
while  the  Church  reserves  the  right  to  judge 
to  what  extent  the  findings  of  the  critics  may  be 
compatible  with  its  authority  and  peace. 

Historical  criticism  has  now  come  to  the 
fore.  The  allegorical  interpretation  is  discred- 
ited, it  is  to  bp  hoped,  finally  and  permanently. 
A  vaster  knowledge  is  at  the  service  of  the 
exegete  than  has  been  possible  in  any  preceding 
age.  The  battles  of  the  giants  would  seem  to 
have  ended  for  the  time  at  least,  and  much 
of  the  smoke  of  conflict  has  cleared  away. 
What  ought  the  2()th  century  exegesis  to 
be?  It  ought  to  be  capable  of  the  production 
of  both  popular  and  critical  work.  It  ought  to 
meet  the  demand  for  edification  on  the  part  of 
the  most  humble  and  unlearned ;  and  at  the 
same  time  it  ought  to  be  proficient  in  the  most 
exhaustive  scholarship.  It  has  at  its  disposal 
the  accumulated  wealth  of  material  collected 
in  the  preceding  centuries;  and  it  may  profit 
by  the  defects  as  well  as  the  excellences  of  the 
masters  who  have  gone  before.  Biblical  knowl- 
edge was  never  more  profound  or  more  preva- 
lent than  now.  The  original  text  has  been 
determined  within  approximate  accuracy.  The 


Bible  has  been  freed  from  multiplied  errors  of 
manuscript  transcription  and  restored  to  some- 
thing like  its  original  form  and  revelation. 
The  original  languages  are  better  understood. 
The  study  of  ancient  inscriptions  and  frag- 
ments of  newly  discovered  papyri  have  thrown 
a  flood  of  light  upon  many  new  points.  Modern 
travel  and  exploration  and  excavation  in  the 
Orient  have  taught  us  many  things  concerning 
the  manners  and  customs  of  the  ancient  times. 
The  marvelous  advance  made  in  the  last  cen- 
tury along  the  lines  of  scientific  investigation 
and  metaphysical  research  and  literary  criticism 
has  had  its  beneficial  influence  upon  the  inter- 
pretation of  the  Bible.  The  exegete  of  to-day 
has  an  unprecedented  equipment,  and  his  task 
is  comparatively  clear.  To-day,  "the  great  body 
of  evangelical  expositors  are  united  on  the 
fundamental  principles  of  interpretation.  They 
agree  that  a  proper  commentary  on  the  Bible 
or  on  any  part  of  it  should  clearly  set  forth 
the  true  meaning  of  the  words  and  the  train  of 
thought  intended  by  the  sacred  writer;  and  it 
should  point  out  the  grammatico-historical 
sense  of  every  passage,  giving  careful  atten- 
tion to  the  context,  scope,  and  plan*  (Terry, 
< Biblical  Hermeneutics,'  p.  738).  The  great 
exegctical  works  of  the  present  are  character- 
ized by  directness,  accuracy,  learning,  independ- 
ence of  research,  a  careful  consideration  of  the 
context  and  all  the  light  that  historical  and  lit- 
eracy criticism  can  throw  upon  the  theme. 
There  is  a  better  conception  of  the  nature  of 
inspiration  and  more  freedom  in  the  exercise 
of  the  critical  faculties  of  the  commentator. 
Rationalism  has  come  to  its  rights,  together 
with  a  recognition  of  the  due  restraint  laid 
upon  the  student  of  a  divine  revelation.  Having 
escaped  from  the  tradition  of  an  absolutely 
incrrant  text  and  a  form  of  revelation  infalli- 
bly fixed  for  all  time,  the  exegete  of  to-day  is 
freer  to  turn  from  the  letter  that  lrilleth  to  the 
spirit  that  maketh  alive.  The  tendency  of  the 
times  seems  to  be  away  from  the  dominance  of 
the  Latin  and  the  Reformation  theology  to  the 
purer  exegesis  of  the  primitive  faith.  With 
the  broader  spirit  of  the  Greek  fathers  and 
the  better  critical  apparatus  of  the  present  day 
the  promise  of  work  in  this  field  was  never 
brighter  than  now. 
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Hcrmcntutics'  (3d  ed.,  1890),  probably  the  best 
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EXELMANS,  eks-cl-mong,  Remy  Joseph 
Isidore,  Comte,  French  soldier.  Marshal  of 
France :  b.  Bar-le-duc,  13  Nov.  1775 ;  d.  22  July 
1852.  He  entered  the  army  in  1791,  when  only 
16  years  of  age,  and  by  1799  had  reached  the 
rank  of  captain.  He  subsequently  served  with 
great  distinction  under  Macdonald  and  Cham- 
pionnct  in  the  campaign  of  Naples,  and  in  1801 
was  appointed  to  the  staff  of  Murat  as  aide-de- 
camp. He  was  arrested  in  1808  while  serving 
with  Murat  in  Spain,  and  sent  to  England,  but 
after  three  years  of  confinement  there  effected 
his  escape  and  in  1812  joined  Napoleon  in  his 
Russian  campaign.  For  brilliant  conduct  dur- 
ing this  campaign  he  was  appointed  general  of 
division  by  Napoleon  but  upon  the  emperor's 
fall  was  banished  from  France  owing  to  his 
Napoleonic  inclinations.  He  was,  however, 
permitted  to  return  in  1819  and  seems  to  have 
been  highly  esteemed  under  every  successive 
government.  He  was  restored  to  the  Chamber 
of  Peers  in  1831  by  Louis  Philippe  and  Louis 
Napoleon  appointed  him  grand  chancellor  of 
the  Legion  of  Honor,  and  on  11  March  1851 
created  him  Marechal  de  France.  He  was  sub- 
sequently thrown  from  his  horse  which  resulted 
in  his  death. 

EXEMPLARY  NOVELS.  Second  only 
in  importance  to  'Don  Quixot*'  among  the 
fictions  of  Cervantes  are  his  tales,  published  in 
1613  as  'Novclas  Exemplares,'  or  "Exemplary 
Novels.'  Although  the  preface  spoke  of  13 
stories,  but  12  were  first  included,  the  13th 
having  evidently  been  withdrawn  at  the  last 
moment.  This  was  not  printed  until  1814,  when 
Agustin  Garcia  Arrieta  found  it  in  manu- 
script among  other  matters  of  entertainment 
prepared  from  1606  to  1610  for  the  delectation 
of  an  archbishop  of  Seville.  Published  at  first 
in  expurgated  form,  'La  Tia  fingida,'  or  'The 
Pretended  Aunt,'  it  was  soon  presented  in  full, 
and  now  forms  part  of  all  modern  editions  of 
the  'Novclas  Exemplares.' 

The  13  stories  were  written  at  various  times, 
one  as  early  as  1605,  since  it  is  referred  to  in 
the  first  part  of  'Don  Quixote.'  Cervantes, 
who  had  spent  six  years  in  Italy,  sought  to  com- 
pete with  Boccaccio  in  tale-telling,  although  ex- 
pressly distinguishing  his  productions  from  the 
novclle  of  the  'Decameron'  as  being  moral  and 
instructive.  Unlike  his  contemporaries,  Cer- 
vantes drew  less  upon  Italian  sources  than  upon 
his  own  invention.  ITc  endeavored  to  reflect 
life  as  he  had  seen  it  and  to  avoid  the  sensa- 
tionalism of  Bandello  and  Cinthio.  Such  sen- 
sationalism appears  only  in  'La  Fuerza  de  la 
sangre,'  where,  however,  he  carefully  reconciles 
the  ravished  heroine  to  her  lover.  The  exotic 
adventures  so  common  in  early  fiction  are  re- 
duced in  this  collection.  Although  an  unreal 
London  is  shown  in  'La  Espanola  Inglesa.'  the 
heroine  is  a  Spanish  girl  carried  off  bv  the 
English  in  their  sark  of  Cadiz;  and.  al'hough 
the  island  of  Cyprus  is  the  scene  in  'El  Amante 
liberal.*  the  story  contains  recollections  of  Cer- 
vantes' own  experience  among  the  Moham- 
medans of  Algiers.    If  the  setting  of  'La 
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Scfiora  Cornelia »  is  Italian,  that  of  most  of  the 
tales  is  native,  and  in  the  best  it  is  strongly 
localized.  This  is  the  case,  above  all,  with 
'Rinconctc  y  Cortadillo,'  a  humorous  picture 
of  roguery  among  the  professional  thieves  ot 
Seville,  organized  in  a  band  astutely  governed 
Inn  life  is  smartly  shown  in  'La  ilustre 
Fregona,'  and  life  among  the  gullible  students 
of  Salamanca  in  'La  Tia  fingida.'  Humor  and 
satire  unite  in  'El  Casamiento  engatioso, '  with 
its  account  of  the  marriage  of  two  knaves,  each 
thinking  to  deceive  the  other,  and,  more  ad- 
mirably still,  in  'El  Coloquio  de  los  perroi,1 
with  its  dialogue  between  two  dogs  of  Valla- 
dolid,  one  of  them  a  canine  Sancho  Panza,  who 
describes  to  the  other  his  griefs  in  the  service 
of  various  masters.  Cervantes'  imagination 
finds  freest  play  in  'EI  Licenciado  Vidriera.' 
whose  hero  suffers  from  the  delusion  that  he  is 
made  of  glass,  and  in  'La  Gitanilla, '  with  its 
gypsy  heroine  who  proves  to  be  well  born,  after 
a  noble  youth  for  love  of  her  has  turned  Bo- 
hemian. This  story  in  particular  has  c*xerted 
wide  influence,  Preciosa's  adventures  being 
copied  by  Hugo  in  France  and  Longfellow  in 
America,  and  dramatized  by  Montalvan  and 
Antonio  de  Soils  in  Spain,  by  Moeller  and 
Wolff  in  Germany,  and  by  Middleton  and  Row- 
ley in  England.  Middleton,  also,  drew  upon 
'La  Fuerza  de  la  sangre,'  as  did  Florian  in  his 
'Leocadic,'  and  Fletcher  in  four  plays  borrowed 
from  four  talcs  of  Cervantes  — in  'Love's  Pil- 
grimage' from  'Las  dos  doncellas'  (used  also 
by  Rotrou),  in  'The  Fair  Maid  of  the  Inn' 
from  'La  ilustre  Fregona,'  in  'The  Chances1 
from  'La  Sefiora  Cornelia,'  and  in  'Rule  a 
Wife  and  Have  a  Wife'  from  'El  Casamiento 
enganoso.'  The  last-named  tale  was  drama- 
tized, also,  in  England  by  Tobin;  in  Germany 
,  bv  Schroder;  and  in  Denmark  by  Holberg.  The 
'Novelas  Exemplares'  were  early  translated 
into  French,  Italian.  English  and  German.  They 
are  most  fully  discussed  in  the  Spanish  volume 
of  Luis  Orellana  y  Rinc6n,  entitled  'Ensayo 
Critico  sobre  las  Novelas  Exemplares'  (1890). 

Frank  W.  Chandler. 

EXEMPTION,  the  right  to  be  excused 
from  rendering  certain  services,  or  retain  prop- 
erty free  from  claims  or  taxation.  Exemptions 
are  established  by  positive  law.  For  example, 
the  laws  designating  certain  classes  of  persons 
not  liable  to  military  service  nor  to  iury  duty. 
Such  also  are  the  laws  exempting  church  and 
school  properties  from  taxation.  Exemption 
from  debt  claims  is  also  granted  in  many  cases; 
in  distress  for  rent  cases,  the  necessary  house- 
hold furniture,  the  tools  of  a  workman,  do- 
mestic animals  and  a  limited  supply  of  food  are 
exempted  from  seizure  under  execution.  For  the 
various  State  exemptions  it  is  necessary  to  con- 
sult the  codes  of  the  State  in  question.  Con- 
sult Hubbell,  'Legal  Directory  for  Lawyers  and 
Business  Men'  (New  York,  annually). 

EXEQUATUR,  the  document  issued  by 
the  executive  department  of  a  government  re- 
garding ihe  consul  of  another  state  after  it  has 
been  formally  notified  of  his  appointment  bv 
the  latter.  The  effect  of  the  exequatur  h  to 
grant  all  the  privileges,  immunities  and  ad- 
vantages to  a  consular  officer  in  the  country  to 
which  he  has  been  appointed,  WMth  authority  to 
discharge  all  the  functions  of  his  office  and  to 
constitute  him  the  legitimate  representative  of 
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his  state  in  the  locality  mentioned  in  the  docu- 
ment. The  following  is  the  form  of  exequatur 
issued  to  principal  consular  otliccrs  of  foreign 
countries  by  the  government  of  the  United 
States : 

President  of  the  United  State,  of  America 

To  all  whom  it  may  concern' 

Satisfactory  evidence  having  been  exhibited  to  mc  that 

 has  been  appointed  

of   at    ,1  do  hereby  recognite  him 

as  such,  and  declare  him  free  to  exercise  and  enjoy  rach 

function*,  powers,  and  privilege*  a*  are  allowed  to  

by  the  Law  of  Nations  for  "  the  of  the  most  favored 

Nations  in  the  Lnited  State*  "). 

In  testimony  whereof,  I  have  caused  then  letters  to  be 
made  Patient,  and  the  Seal  of  the  United  State*  to  be  here- 
unto athxed. 

Given  under  my  hand,  at  the  City  of  Washington,  the 
 day  of  ,  a.d.  19   and  of  the  inde- 
pendence of  the  United  State*  of  America  the  

President's  signature. 

Seal 
By  the  President 

Secretary  of  State. 

To  subordinate  consular  officers  an  almost 
identical  form  is  issued  by  the  Secretary  of 
State.  When  a  state  of  war  supervenes  or  even 
when  diplomatic  relations  arc  broken  between 
two  states  it  is  usual  to  cancel  all  exequaturs  of 
consular  officers  of  the  country  with  which  war 
has  been  declared  or  diplomatic  relations 
broken.  Consult  Moore,  John  Basset,  'Digest 
of  International  Law*  (1906);  Stowell,  E.  G, 
'Consular  Cases  and  Opinions*  (1909). 

EXERCISE,  Physical.  The  upbuilding  of 
the  muscular  system  of  the  body  is  of  prime 
importance  in  preserving  the  health  or  the 
curing  of  disease,  and  whether  by  passive  mo- 
tion or  volitional  activity  is  now  recognized  as 
necessary  to  keep  the  various  functions  of  the 
body  in  normal  condition.  Artificially  devised 
methods  have  been  brought  into  use.  but  regular 
daily  out-of-doors  exercise  is  preferable.  In- 
struction in  gymnastics  is  now  given  in  many 
educational  institutions  and  public  schools,  well- 
appointed  gymnasiums  being  maintained  for 
that  purpose.  In  these  gymnasiums  outdoor 
sports  are  often  practised,  but  the.chief  courses 
of  exercise  consist  of  a  systematic  use  of 
dumb-bells,  wands,  Indian  clubs,  horizontal  and 
parallel  bars,  chest-weights,  swinging  rings  and 
other  specialties.  In  many  gymnasiums  there 
are  running  tracks,  baseball  cages,  swimming 
tanks,  bowling  alleys,  etc.  The  chief  outside 
sports  are  tennis,  golfing,  bicycling,  baseball, 
football,  rowing,  walking,  running,  skating, 
swimming  and  the  various  forms  of  track  ath- 
letics. See  Gymnasium;  Hygtene;  Physical 
Training;  Educational  Athletics,  etc. 

EXERCISES,  Spiritual.  Sec  Spiritual 
Exercises. 

EXETER,   or   Exon,   Domesday.  See 

Doomsday  Book. 

EXETER,  England,  city,  seaport  and 
county,  parliamentary  and  municipal  borough, 
in  the  county  of  Devon  on  the  left  bank  of  the 
Exc,  10  miles  northwest  from  its  outlet  in  the 
English  Channel,  on  the  Great  Western  and 
London  and  Southwestern  railways  and  171 
miles  by  rail  southwest  of  London.  Though 
still  presenting  many  indications  of  antiquity, 
the  city  can  now  boast  of  as  handsome  squares, 
terraces,  streets  and  houses,  all  of  modern  erec- 
tion, as  any  other  in  the  kingdom.  The  princi- 
pal object  of  interest  is  the  cathedral,  a  noble 


edifice  founded  in  1112.  It  is  cruciform,  408 
feet  in  length,  and  consists  of  a  nave,  with  two 
side  aisles,  two  short  transepts  formed  out  of 
two  heavy  Norman  towers,  each  130  feet  in 
height;  a  choir  of  the  same  width  as  the  nave 
and  128  feet  in  length;  10  chapels  or  oratories 
and  a  chapter-house.  The  west  front,  erected  in 
the  14th  century,  is  richly  decorated,  presenting 
one  of  the  most  picturesque  facades  of  any 
building  in  Europe.  The  interior,  restored  by 
Sir  Gilbert  Scott  in  1877,  is  magnificent.  Its 
perfect  symmetry  and  the  grand  unbroken  line 
of  vaulting  arc  remarkable  features.  The  epis- 
copal throne  dates  from  1320.  The  Great  Peter 
Bell  weighs  12,500  pounds.  The  chapter-house 
contains  a  valuable  library  of  manuscripts  and 
early  books.  Other  architectural  antiquities  arc 
the  remains  of  the  castle  of  Rougemont,  por- 
tions of  the  ancient  city  walls  of  Alhelstan, 
Norman  work  in  some  of  the  churches  and  the 
noble  guild-hall,  tastefully  restored.  Among 
several  fine  modern  churches  Saint  Michael's 
may  be  mentioned.  Among  the  numerous  edu- 
cational establishments  is  the  Exeter  School, 
founded  by  the  citizens  in  the  time  of  Charles 
I,  to  which  there  are  a  number  of  free  scholar- 
ships. It  has  16  exhibitions  to  either  of  the 
universities  of  Oxford  or  Cambridge.  The 
Exeter  Diocesan  Training  College  is  also  situ- 
ated in  the  city.  The  charitable  institutions  of 
various  kinds  are  numerous.  The  principal 
scientific  and  literary  institutions  are  the  Devon 
and  Exeter  Institution  for  the  Promotion  of 
Science,  Literature  and  Arts,  established  in 
1817,  and  possessing  a  valuable  library;  the 
Exeter  Literary  Society,  established  in  1835; 
and  the  Royal  Albert  Memorial  College,  Mu- 
seum and  Free  Library.  The  college  has  over 
1,000  students.  Exeter  is  not  an  industrial 
town,  its  woolen  manufacture,  once  one  of  the 
largest  in  England,  being  extinct;  but  it  has 
iron  foundries,  manufactories  of  agricultural 
implements,  paper  mills,  corn  mills,  tanneries, 
etc.  Glove-making  and  lace-making  arc  also 
carried  on.  By  means  of  a  canal,  5  miles  in 
length  and  15  feet  in  depth,  vessels  of  400  tons 
can  reach  the  city,  and  there  is  a  large  floating 
basin.  The  Exe  itself  is  not  navigable  to  the 
city.  Exeter  is  a  place  of  remote  antiquity, 
having  been  a  British  settlement  long  prior  to 
the  invasion  of  the  Romans,  by  whom  it  was 
called  Isca  Damnoniorum.  The  city  returns  one 
member  to  Parliament.    Pop.  48,664. 

EXETER,  N.  H.,  town,  one  of  the  county- 
seats  of  Rockingham  County,  on  the  Squam- 
scott  River,  the  Boston  and  Maine  Railroad.  26 
miles  east  of  Manchester  and  about  13  miles 
southwest  of  Portsmouth.  Exeter  was  founded 
in  1638  by  John  Wheelwright,  a  Congregational- 
ist  clergyman,  who  was  banished  from  Massa- 
chusetts. Massachusetts  claimed  control  over 
the  place  until  1680.  It  was  the  capital  of  New 
Hampshire  and  the  centre  of  military  move- 
ments of  the  colony  during  the  Revolution.  The 
town  is  well  known  as  the  seat  of  the  Phillips 
Exeter  Academy  (q.v.).  established  in  1781. 
The  Robinson  Female  Academy  is  located  in 
Exeter.  The  town  contains  a  large  public  li- 
brary and  a  number  of  manufacturing  establish- 
ments, cotton  mills,  iron,  brass  and  machinery 
factories ;  also  manufactories  of  boxes,  um- 
brellas, automobile  tubes,  asbestos  and  rubber 
novelties,   casings   and   shoes.     Pop.  4,897. 
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Consult  Fassett,  'Colonial  Life  in  New  Hamp- 
shire' ;  Bell,  'History  of  the  Town  of  Exeter' 
(Exeter  1888). 

EXETER,  Pa.,  borough  of  Luzerne  County, 
10  miles  west  of  Scranton,  on  the  Lehigh  Valley 
Railroad.  It  has  extensive  agricultural,  coal 
and  lumber  interests.  Fort  Wintermooth 
nearby  is  the  principal  object  of  interest.  Pop. 
3,537. 

EXETER  BOOK,  or  CODEX  EXONI- 
ENSIS,  a  manuscript  anthology  of  Anglo-Saxon 
poetry  in  the  library  of  Exeter  Cathedral.  It 
was  presented  to  the  chapter  by  Leofric.  first 
bishop  of  Exeter  (1050-72),  contains  246  pages 
of  vellum,  and  is  the  extant  original  copy  of 
some  valuable  remains  of  Anglo-Saxon  litera- 
ture. The  text  with  a  translation  is  to  be  found 
in  Gollancz,  'The  Exeter  Book'  (1895).  Con- 
sult Tupper  (ed~),  'Riddles  of  the  Exeter 
Book'  (1910). 

EXETER  COLLEGE,  Oxford.  This  col- 
lege, originally  called  Stapledon  Hall,  was 
founded  in  1314  by  Walter  de  Stapledon,  bishop 
of  Exeter,  sometime  Lord  High  Treasurer  of 
England,  who  removed  to  this  place  his  scholars 
from  Hart  Hall  and  made  a  foundation  for  a 
rector  and  12  fellows.  In  1404  Edmund  Staf- 
ford, bishop  of  Exeter,  added  two  fellowships 
and  obtained  leave  to  give  the  college  its  pres- 
ent name.  In  1565  Sir  William  Pctre,  Secretary 
of  State,  added  eight ;  in  1636  Charles  I  annexed 
one  for  the  Channel  Islands,  and,  lastly.  Mrs. 
Shicrs  left  certain  rents  in  1770,  out  of  which 
two  fellowships  were  founded.  Under  the  au- 
thority of  17  and  18  Vict.,  cap.  lxxxi,  the  fel- 
lowships (a  number  of  which  were  appropriated 
to  various  archdeaconries  or  counties)  were 
reduced  from  25  to  15,  and  were  thrown  open; 
the)'  are  now  12  in  number,  three  of  them  in 
suspense.  From  the  revenues  of  suppressed  fel- 
lowships over  20  scholarships  were  founded, 
eight  of  which  (called  Stapledon  scholarships) 
are  limited  to  persons  born  or  educated  in  the 
diocese  of  Exeter,  and  one  or  more  to  persons 
born  in  any  of  the  Channel  Islands,  or  educated 
at  Victoria  College,  Jersey,  or  Elizabeth  Col- 
lege, Guernsey.  In  1915-16  there  were  32 
scholarships  and  181  undergraduates. 

EXETER  HALL,  a  large  building  for- 
merly on  the  north  side  of  the  Strand,  London, 
opened  in  1831.  It  is  capable  of  containing  over 
5.000  persons.  In  it  the  "May  Meetings"  of  the 
several  religious  societies  were  held.  It  became 
in  1880  the  property  of  the  Young  Men's 
Christian  Association.  In  1907  it  was  sold 
and  demolished.  "Exeter  Hall"  became  by 
mctonomy  a  term  of  opprobrium,  to  indicate 
the  views  of  aggressive  evangelists  in  their 
relation  to  public  questions. 

EXFOLIATION,  a  process  of  concentric 
or  spheroidal  weathering,  whereby  the  rock 
tends  to  scale  off  in  thin  and  often  curved 
plates.  It  is  usually  explained  as  follows : 
Rock  is  a  poor  conductor  of  heat.  During  the 
day  a  boulder  or  ledge  becomes  heated  for  a 
few  inches  from  the  surface,  while  the  interior 
remains  unaffected.  The  consequent  expansion 
causes  the  surface  to  spall.  At  night  the  sur- 
face cools  quickly  over  an  interior  that  may  still 
be  warm  and  the  shrinkage  again  tends  to 
make  the  surface  scale  off.  In  rocks  made  up 
of  several  minerals,  like  a  granite,  this  process 
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is  intensified  by  the  fact  that  each  different 
mineral  has  a  different  rate  of  expansion  and 
hence  tends  to  tear  away  from  its  neighboring 
minerals.  The  process  is  particularly  character- 
istic of  deserts,  where  there  are  great  ex- 
tremes of  temperature. 

EXHAUSTIONS,     Method     of.  The 

ancient  geometricians  employed  the  method  of 
exhaustion  for  determining  the  areas  of  curves 
and  for  the  solution  of  similar  problems.  The 
method  consists  in  comparing  the  magnitude  to 
be  determined  with  rectilinear  magnitudes; 
thus,  the  area  of  a  curve  with  an  area  of  a 
polygon  constructed  so  as  to  be  comparable  with 
the  curve  in  question.  The  use  of  the  method 
is  exemplified  in  the  second  proposition  of 
'Euclid's  Twelfth  Book.'  The  method  was  ap- 
plied with  all  the  rigorous  logical  exactness  for 
which  the  Greek  geometricians  are  so  famous. 
See  Geometry  ;  Mathematics. 

EXHIBITION,  Industrial.  See  Exposi- 
tion, Industrial. 

EXILARCH.  The  title  of  an  officer  in 
Jewish  communities  in  Persia.  In  624  the  Jews 
rendered  the  Mohammedans  considerable  as- 
sistance in  their  campaign  and  in  consequence 
the  exilarch  was  recognized  as  the  chief  of 
the  Jews.  His  functions  were  civil  and  judicial. 
Later  the  gaon  of  Sora  and  the  head  of  the 
College  of  Pumbedctha  shared  his  authority, 
the  gaon  being  of  equal  rank,  and  when  the 
office  of  exilarch  was  vacant  performed  the 
duties  of  the  office.  The  exilarch  assumed  all 
the  pomp  of  a  prince.  His  induction  into  of- 
fice was  attended  with  pomp  and  ceremony.  The 
office  was  in  existence  for  seven  centuries  and 
ceased  with  tht  death  of  Saadiah  who  was  as- 
sassinated in  942.  It  was  revived  again  for  a 
few  years  about  the  middle  of  the  12th  century-. 

EXILE,  voluntary  or  involuntary  pro- 
longed absence  from  one's  country;  also,  a  per- 
son long  absent  from  his  country.  Involuntary 
exile  or  expulsion  for  crime,  particularly  for 
murder  and  other  serious  offenses,  can  be 
traced  back  to  a  very  ancient  period.  It  was 
known  among  the  early  Greeks  and  was  the 
penalty  not  only  for  murder  but  for  offenses 
affecting  the  general  interests,  chiefly  the  for- 
mer. Exile  often  took  the  form  of  expulsion, 
with  death  or  some  other  penalty  as  the  alter- 
native, or  of  simple  transportation,  as  to  a  for- 
eign land.  Sometimes  confiscation  of  prop- 
erty was  an  added  penalty.  In  Rome  under 
the  empire,  exile  or  expulsion  was  known  in 
two  forms:  deportatio  and  rcleqatio.  The 
first  was  often  punishment  for  political  crimi- 
nals, but  later  its  use  was  extended.  It  in- 
volved banishment,  generally  to  an  island,  with 
forfeiture  of  civic  rights  and  usually  of  prop- 
erty. Rclegatio  was  a  much  less  severe  form 
of  punishment,  involving  no  loss  of  civic  rights 
by  the  offender. 

The  rights  of  aliens  who  arc  voluntary  ex- 
iles in  the  country  to  which  they  flee  after  com- 
mitting political  or  other  crimes  is  tisuallv  fixed 
by  treaty.  Generally  those  guilty  of  political 
crimes  only  arc  not  subject  to  extradition.  They 
are,  however,  subject  to  the  laws  of  the  coun- 
try in  which  they  reside.  See  Aliens;  Citizen- 
ship. 

Transportation  for  crime  was  abolished  in 
England  in  1857,  but  it  still  survives  among 
some  nations,  as  Russia,  this  country  maintain- 
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ing  penal  settlements  in  Siberia.  The  tendency 
to-day,  in  keeping  with  advancing  civilization, 
is  toward  its  utter  abolition. 

EXMOOR,  a  wild  and  hilly  district  in  the 
extreme  southwest  of  Somersetshire,  extending 
also  into  Devonshire,  England.  It  was  formerly 
a  forest,  but,  with  exception  of  a  considerable 
portion  lately  cultivated,  it  is  now  mostly  heath 
and  marsh.  It  embraces  ranges  of  hills  of  con- 
siderable elevation  (the  loftiest  being  Dunkcrry 
Beacon,  1,707  feet),  and  in  the  time  of  the 
Druids  was  a  favorite  spot  for  the  celebration 
of  their  religious  rites.  Red  deer  still  exist 
here  in  a  wild  state.  Good  descriptions  of  Ex- 
moor  may  be  found  in  Blackmorc's  'Lorna 
Doone,'  and  Sir  Conan  Doyle's  'Micah  Clark.* 

EXMOUTH,  eks'muth,  Edward  Pellew, 

Viscount,  English  naval  officer :  b.  Dover,  Eng- 
land, 19  April  1757;  d.  23  Ian.  1833.  He  served 
as  midshipman  in  the  Blonde  frigate  during 
the  American  Revolution,  and  greatly  distin- 
guished himself  at  Lake  Champlain.  In  1806 
he  had  attained  the  rank  of  vice-admiral,  and 
in  1814  he  was  made  Baron  Exmouth.  In  1816 
he  proceeded  to  Algiers  in  command  of  a  com- 
bined fleet  of  English  and  Dutch  ships  to  en- 
force the  terms  of  a  treaty  which  the  dey  had 
violated  He  bombarded  the  city  for  seven 
hours  and  inflicted  such  immense  damage  that 
the  dey  consented  to  every  demand.  Twelve 
hundred  Christian  slaves  were  by  this  exploit 
restored  to  liberty.  Lord  Exmouth  was  raised 
to  the  dignity  of  a  viscount  for  this  service. 
He  was  commander-in-chief  at  Plymouth 
1817-21. 

EXMOUTH,  England,  seaport,  market 
town  in  the  county  of  Devon,  on  the  English 
Channel  at  the  entrance  to  the  estuarv  of  the 
Exe.  It  is  one  of  the  favorite  resorts  on  the 
coast  of  Devon,  for  sea-bathing  and,  owing  to 
its  sheltered  situation  and  salubrious  climate, 
has  risen  into  favor  as  a  winter  resort.  The 
chief  industry  is  fishing,  and  the  shipping  trade 
is  considerable ;  the  new  docks  arc  commodious. 
Exmouth  was  one  of  the  principal  ports  of  the 
country  in  the  reign  of  Edward  III;  but  sub- 
sequently it  became  a  mere  fishing  hamlet.  Late 
years  it  has  increased  steadily  in  population  and 
trade.    Pop.  11,962. 

EXNER,  Karl,  Austrian  physicist:  b. 
Prague,  1842.  He  received  his  education  at 
Vienna  and  Zurich  and  in  1885  was  chosen 
president  of  the  Chemico-Physical  Society  of 
Vienna  and  seven  years  later  became  lecturer 
at  the  University  of  Innsbruck  and  from  1894 
to  1904  held  the  chair  of  mathematical  physics 
there.  He  retired  in  1904.  He  has  written 
'Ucber  die  Frauenhoferschen  Ringc*  (1877); 
'Ucber  das  Funkeln  dcr  Sterne*  (1881); 
'Ueber  Bcugungscrschcinungen>  (1885);  'Ue- 
ber  die  polarisicrcnde  Wirkung  dcr  Lichtbeu- 
gung*  (1892);  'Genesis  der  Erklarung  des 
Scintillation'  (1901). 

EXNER,  Siegmund,  Austrian  physiologist : 
b.  Vienna,  1846.  He  was  educated  at  the  uni- 
versities of  Vienna  and  Heidelberg  and  in  1875 
was  named  to  the  chair  of  physiology  at  the 
former  institution.  In  1891  he  became  a  di- 
rector of  the  Physiological  Institute.  For  orig- 
inal researches  on  the  physiology  of  the  nerv- 
ous system  he  was  twice  awarded  a  prize  by 
the  Vienna  Academy  of  Sciences.    He  has' 
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written  'Lcitfaden  bei  der  mikroskopischen 
Untersuchung  tierischer  Gewebc*  (2d  cd., 
1878);  'Untersuchungcn  iiber  die  Localisation 
der  Funktionen  in  der  Grosshirnrinde  des  Men- 
schen'  (1881);  'Die  Innervation  des  Kehl- 
kopfes*  (1884);  'Die  Physiologie  der  facet- 
tierten  Augen  von  Krcbsen  und  Insektcn* 
(1891);  'Entwurf  zu  einer  physiologischcn 
Erklarung  der  physichen  Erscheinungcn ' 
(1894).  With  Gad  he  was  joint  editor  of  the 
Centrolblatt  fur  Physiologie  after  1887. 

EXNER,  Wilhelm  Franz,  Austrian  tech- 
nical expert :  b.  Ganserndorf,  1840.  He  re- 
ceived his  education  at  the  Vienna  Polytechnic 
Institute  and  in  1874  became  industrial-school 
inspector  in  the  Ministry  of  Commerce.  He  was 
one  of  the  founders  of  the  Vienna  Industrial 
Museum  in  1879  and  became  its  first  director. 
In  1882.  1885  and  in  1891  he  was  elected  to  the 
Chamber  of  Deputies.  He  has  published  'Das 
moderne  Transportwesen  im  Dienste  der 
Land—  und  Forstwirtschaft'  (2d  eA,  1880); 
'Werkzeugc  und  Maschinen  zur  Holzbearbei- 
tung'  (1878-83);  'Die  Hausindustrie  Oester- 
reichs>  (1890);  'Das  K.  K.  Technologist 
Gcwerbe-Museum  in  Wien  im  ersten  viertel- 
jahrhundcrt  seines  Bcistandes*  (1*X)4). 

EXODUS,  Book  of.  The  book  of  Exodus 
is  the  second  book  in  the  Old  Testament ;  and, 
of  course,  occupies  the  same  position  in  the 
collection  known  as  the  'Five  Books  of  Moses* 
or  the  "Pentateuch."  which  constitutes  the  first 
division  of  the  Hebrew  Bible.  Its  Hebrew 
name  is  Wellleh  shemdth,  "And  these  are  the 
names*  or,  in  abbreviated  form.  shemOth, 
"Names"  after  the  opening  words  of  the  book. 
The  designation  Exodus,  which  means.  Coming 
out,  that  is,  from  Egypt,  originated  with  the 
early  Greek  translation  known  as  the  Septuagint, 
and  is  meant  to  be  descriptive  of  the  contents 
of  the  book. 

Contents.— The  book  falls  naturally  into 
four  divisions  of  unequal  length:  (1)  Oppres- 
sion of  Israel  in  Egypt  (i,  l-ii,  22)  ;  (2)  Prepa- 
rations for  the  departure  (ii,  23-xii,  29)  ;  (3) 
Exodus  and  march  to  Mount  Sinai  (xii,  30-xix, 
2)  ;  (4)  Giving  of  the  Law  and  building  of  the 
tabernacle  (xix,  3-xl,  38).  The  closing  chap- 
ters of  the  book  of  Genesis  record  how  the 
Hebrew  nomads,  after  living  in  Canaan  for 
several  generations,  were  driven  bv  famine  to 
Egypt,  where  they  were  assigned  to  a  district 
in  the  eastern  portion  of  the  Delta.  There  they 
remained  for  many  generations  (i,  7).  In  the 
course  of  time  a  new  dynasty  ascended  the 
throne  of  Egypt,  under  which  a  period  of  op- 
pression set  in.  from  which  the  Hebrews  were 
delivered  under  the  leadership  of  Moses.  After 
some  wanderings  in  the  desert,  the  fugitives 
encamped  at  the  foot  of  Mount  Sinai,  where 
a  covenant  was  established  between  the  local 
God  Yahwch  and  Israel,  a  law  was  given  for 
the  purpose  of  regulating  the  life  of  the  cove- 
nant people  in  harmony  with  the  will  of  their 
God ;  and  a  tabernacle,  in  which  the  people  or 
their  representatives  might  meet  with  their  God, 
was  built. 

Composition.—  In  its  present  form  the  book 
is  a  compilation  of  material  taken  from  three 
originally  separate  sources,  commonly  desig- 
nated by  the  letters  J,  E  and  P.  (For  proofs  of 
this  assertion  and  for  the  significance  of  the 
symbols  see  article  Pentateuch).   The  P  sec- 
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tions  can  easily  be  separated  from  the  rest; 
to  distinguish  E  from  J  is  more  difficult,  espe- 
cially alter  chapter  iiL  The  J  and  E  narratives 
were  written  first,  and  the  combination  of  the 
two  was  made  long  before  P  was  written.  The 
two  earlier  documents  contained  a  full  account 
of  all  the  important  events  connected  with 
Israel's  stay  in  Egypt  and  with  the  exodus, 
also  at  least  a  brief  record  of  the  journey  from 
the  Red  Sea  to  Mount  Sinai.  There  followed 
an  account  of  the  giving  of  the  law,  the  rebellion 
of  the  people,  Yahwen's  anger,  Moses'  inter- 
cession and  the  divine  response.  The  P  ac- 
count was  written  by  one  who  shared  the  com- 
mon postexilic  conception  that  the  age  of  Moses 
was  the  period  during  which  Yahwch  was 
nearer  to  Israel  than  at  any  subsequent  time; 
consequently  he  introduced  more  of  the  mirac- 
ulous in  his  history,  and  attempted  to  trace 
the  beginning  of  the  religious  practices  and 
institutions  of  his  day  to  that  unique  period 
in  Israel's  history.  The  latter  tendency  mani- 
fests itself  especially  in  the  priestly  sections  xxv, 
1-xxxi,  18  and  chapters  xxxv-xl.  For  an  analy- 
sis of  the  book  of  Exodus  according  to  the 
sources  used  in  its  compilation  consult  any 
modern  Commentary  on  Exodus,  or  any  Old 
Testament  Introduction.  The  contents  of  each 
source  are  printed  consecutively  in  Kent,  C.  F., 
'The  Student's  Old  Testament' ;  Carpenter  and 
Battersby,  'The  Hextateuch' ;  Brightman,  E.  S., 
4  The  Sources  of  the  Hexateuch.' 

Legal  Sections. —  In  addition  to  the  his- 
torical material  derived  from  the  three  sources 
indicated,  Exodus  contains  three  groups  of 
laws,  which  at  -first  existed  independently  but 
later  were  embodied  in  E  or  the  combined  JE. 
(1)  The  Ten  Words,  commonly  called  the 
Decalogue,  xx,  1-17;  found,  with  few  varia- 
tions, also  in  Deuteronomy  v.  In  both  cases 
some  of  the  commandments  are  expanded  by 
certain  hortatory  additions,  but  the  original 
form  can  easily  be  restored.  (2)  A  second 
Decalogue,  xxxiv,  10—28;  which  bears  a 
more  primitive  aspect  than  the  other  and 
lacks  the  ethical  emphasis.  Most  scholars 
hold  that  the  decalogue  in  xxxiv  is  earlier 
than  that  in  xx;  the  latter  is  considered 
by  many  a  compendium  of  the  teaching 
of  the  8th  century  prophets,  while  the  other 
is  generally  assigned  to  the  period  of  the  Judges 
or  of  the  early  monarchy.  (For  a  fuller  dis- 
cussion of  the  two  decalogues  and  of  their 
relation  to  each  other  consult  Eiselen,  F.  C, 
•The  Books  of  the  Pentateuch,'  chap.  xvii).  (3) 
The  Book  of  the  Covenant,  xx,  22-xxiii,  19. 
The  laws  in  this  code  deal  with  a  great  variety 
of  subjects,  and  it  requires  considerable  adjust- 
ment to  make  any  systematic  arrangement  pos- 
sible. Originally  the  arrangement  may  have 
been  on  the  principle  of  the  decalogue,  in  the 
sense  that  it  contained  10  separate  decalogues, 
each  containing  two  groups  of  five  laws.  Corre- 
sponding to  the  two  divisions  of  the  decalogue 
the  Book  of  the  Covenant  may  be  divided  into 
two  groups  of  laws,  each  consisting  of  five 
decalogues.  (1)  Judgments,  dealing  with  civil 
and  criminal  cases;  (2)  Religious  and  humane 
laws.  The  five  decalogues  of  the  first  group 
are  not  difficult  to  reconstruct;  of  the  second 
group  only  four  exist,  though  traces  of  the 
fifth  appear.  The  Judgments  deal  with  the 
following  subjects:  (1)  The  rights  of  slaves, 
xxi,2-U;  (2)  Assaults,  xxi.  12-27;  (3)  Domes- 


tic animals,  xxi,  28-36;  xxii,  1,  4;  (4)  Responsi- 
bility for  property,  xxii,  5—15 ;  (5)  Social 
purity,  xxii,  16-20  plus  Dcut.  xxii,  13-27.  The 
religious  and  humane  laws  deal  with  :  (1)  Kind- 
ness, xxii,  2,  3,  6,  7,  21-27;  xxiii,  4,  5;  (2) 
Justice,  xxiii,  1-3,  6-8;  (3)  Duties  to  God,  xx, 
23-26;  xxii,  28-31;  (4)  Sacred  seasons,  xxiii, 
10-19. 

Many  of  the  laws  in  the  Book  of  the  Cove- 
nant are  strikingly  similar  to  Babylonian  laws, 
chiefly  those  found  in  the  law  code  of  Ham- 
murapi  (q.v.),  king  of  Babylon  about  2100  B.C 
(Consult  Johns,  C  H.  W.,  'The  Relation  be- 
tween the  Laws  of  Babylonia  and  the  Laws 
of  the  Hebrew  People').  This  similarity  has 
an  important  bearing  on  the  question  of  the 
date  and  origin  of  the  Hebrew  code.  One 
widely  accepted  view  is  that  the  Book  of  the 
Covenant  is  essentially  a  collection  of  Mosaic 
decisions,  expanded  and  modified  to  meet  the 
needs  of  the  Hebrews  in  Canaan  during  the 
period  of  the  Judges  or  of  the  early  monarchy. 
However,  there  is  much  to  be  said  in  favor  of 
the  view  that  it  is  a  Canaanite  production, 
based  on  the  Babylonian  legal  system,  and  that 
it  came  to  the  Israelites  from  the  Canaanites 
(Lockenbill.  D.  D..  'Israel's  Origins'  in  Ameri- 
can Journal  of  Theology,  XXII,  p.  44). 

The  Song  of  Moses.— This  poem,  in  chap- 
ter xv,  was  originally  independent  of  its  present 
context.  From  verse  17  it  is  clear  that  the 
poem  in  its  present  form  cannot  be  earlier  than 
the  reign  or  David  or  even  that  of  Solomon 
(compare  also  verses  13  and  15).  It  is  not 
improbable,  however,  that  it  is  the  expansion 
of  a  shorter  poem  composed  at  the  time  the 
events  commemorated  took  place  (compare 
verse  21). 

Bibliography. —  In  addition  to  the  discus- 
sions already  mentioned  the  following  works 
in  English  may  be  named :  Bacon,  B.  W.,  'Triple 
Tradition  of  the  Exodus*  (Hartford  1894) ; 
Bennett,  W.  H.,  'Exodus'  (New  Century 
Bible,'  Edinburgh  no  date)  ;  Cornill,  C.  H., 
'Introduction'  (London  1907);  Driver,  S.  R., 
'Exodus'  ('Cambridge  Bible,'  Cambridge 
1911);  and  'Introduction'  (1891);  new  eel, 
(1910) ;  Gray.  G.  B.,  'Introduction'  (New  York 
1903);  McFaclyen,  I.  E.,  'Introduction'  (New 
York  1905)  ;  McNeife,  A.  H.,  'Exodus'  ('West- 
minster Commentaries,'  London  1908).  Also 
articles  on  'Exodus"  in  Hastings,  'Dictionary 
of  the  Bible'  and  in  ' Encyclopaedia  Biblica.' 

Frederick  Carl  Eiselen, 
Professor   of   Old   Testament  Interpretation, 
Garrett  Biblical  Institute. 

EXOGAMY,  the  usage  by  which  in  many 
primitive  races  a  man  is  forbidden  to  marry  a 
woman  of  his  own  stock  or  tribe.  See  Mar- 
riage; Tribe. 

EXOGENOUS  (eks-oj'e-nfis),  PLANTS, 
an  old  and  now  disused  name  for  dicotyledons. 
Monocotyledons  were  similarly  known  as  en- 
dogenous plants,  or  endogens.    See  Botany. 

EXONERATION,  in  a  general  sense,  the 
discharging  from  some  liability  or  obligation. 
In  a  limited  sense  it  is  now  applied  mostly  to 
the  right  of  a  surety  to  call  upon  the  principal 
debtor  to  pay  the  guaranteed  debt  ana  relieve 
the  surety  from  his  liability.  Consult  Dc  Col- 
yar.  'Treatise  on  the  l^aw  of  Guarantees  and 
of  Principal  and  Surety'  (London  1900);  Red- 
field,  'Law  and  Practice  of  Surrogate's  CourtV 
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(7th  ed..  New  York  1910);  Williams.  'Prin- 
ciples of  the  Law  of  Real  Property>  (22d  ed. 
Toronto  1914). 

EXOPHTHALMIC  GOITRE,  enlarge- 
ment with  turgescence  of  the  thyroid  gland, 
accompanied  by  protrusion-  of  the  eyeballs, 
breathlcssness,  palpitation  and  anaemia.  Also 
called  Basedow  s  (q.v.)  or  Graves'  disease. 

EXORCISM,  the  act  of  expelling  evil 
spirits  by  adjuration.  The  word  is  of  Greek 
origin,  exorkismos,  from  the  verb  exorkizo, 
which  in  classic  Greek  means  to  put  one  on 
oath,  but  in  the  New  Testament  to  drive  out 
by  adjuration.  Demonic  possession  was  a  no- 
tion generally  entertained  by  the  Jews  in  the 
time  of  Christ ;  and  that  it  was  entertained  by 
Jesus  Christ  and  his  apostles  is  as  certain  as 
any  fact  recorded  in  the  Scripture.  (Matt,  xii, 
27;  Acts  xix,  13).  Hence,  til!  modern 
times  it  was  believed  by  all  Christians, 
though  now  it  is  repudiated  expressly  or  tacitly, 
or  is  explained  in  a  naturalistic  sense,  or  at 
least  ignored  by  very  many  who  profess  belief 
in  the  gospels  as  a  divine  revelation  and  the 
very  word  of  God.  The  Catholic  Church,  while 
it  does  not  stand  committed  to  the  popular 
beliefs  of  the  faithful  upon  this  matter,  nor  to 
the  views  even  of  her  most  eminent  doctors, 
except  so  far  as  she  may  have  formally  adopted 
them  in  her  authoritative  symbols,  claims  to 
possess  and  to  exercise  in  these  days  no  less 
than  in  apostolic  times  the  power  to  expel 
evil  spirits  from  the  obsessed  or  possessed,  and 
exorcism  is  formally  pronounced  prior  to  the 
administration  of  baptism  and  the  blessings  of 
chrism  (or  holy  oil)  and  of  holy  water.  One 
of  the  minor  orders  of  clergy  in  the  Catholic 
Church  is  that  of  the  "exorcist,"  and  the  ritual 
of  the  Church  to  this  day  has  an  official  formula 
of  prayers  and  adjuration  for  driving  out 
demons.  Pope  Innocent  I  (d.  417)  .  forbade 
exorcists  to  exercise  their  ministry  save  with 
the  express  permission  of  the  bishop,  and  that 
rule  is  still  in  force. 

EXORCIST,  the  name  of  one  of  the  minor 
orders  of  the  clergy  in  the  Roman  Catholic 
Church.   See  Holy  Orders  ;  Exorcism. 

EXOSMOSIS.   See  Osmosis. 

EXOSTEMMA,  a  genus  of  American 
shrubs  and  trees  of  the  natural  order  Rubiacea, 
several  species  of  which  yield  barks  sometimes 
used  in  medicine.  Though  closely  related  to 
the  genus  Cinchona  (q.v.)  which  yields  quinine, 
the  species  of  thus  genus  are  lacking  in  similar 
alkaloids.  Saint  Lucia  bark  and  Caribbee  bark, 
obtained  from  West  Indian  species,  are  prob- 
ably the  best  known. 

EXOSTOSIS,  a  bony  excrescence  from  the 
osseous  structure.    Sec  Tumor. 

EXOTERIC.   See  Esoteric. 

EXOTIC,  an  appellation  applied  to  a  for- 
eign plant  not  acclimated  or  naturalized.  It  is 
implied  that  the  exotic  is  more  or  less  of  a  rare 
or  tropical  character  and  can  be  preserved  only 
in  greenhouses. 

EXPANSION.  See  American  Expan- 
sion Policy;  Territorial  Expansion  op  the 
United  States. 

EXPANSION,  in  physics,  is  the  increase 
in  the  bulk  of  bodies,  in  consequence  of  a  rise 
in   their   temperature.     This   is   one   of  the 
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most  general  effects  of  heat,  being  com- 
mon to  all  forms  of  matter,  whether  solid, 
liquid  or  gaseous.  Expansion  of  three 
kinds  is  recognized:  (1)  linear  (2)  super- 
ficial; and  (3)  cubical.  The  last  only  is 
applicable  to  liquids  and  gases,  as  they  have 
no  definite  form.  Most  solids  and  liquids  ex- 
pand uniformly  as  their  temperature  increases, 
each  substance  having  its  own  peculiar  rate  of 
expansion.  This  statement  is  true,  however, 
only  for  usual  temperatures.  It  has  been  found 
that  as  temperatures  are  increased  beyond  nor- 
mal limits  the  rate  of  expansion  also  increases. 
The  ratio  of  increase  in  bulk  for  each  degree 
rise  in  temperature  as  referred  to  the  original 
volume  at  a  temperature  of  zero  is  called  the 
coefficient  of  expansion.  Solids  expand  equally 
in  all  directions,  so  that  the  coefficient  of  cubical 
expansion  for  solids  is  three  times  the  linear  co- 
efficient Liquids  expand  much  more  for  the 
same  rise  in  temperature  than  do  solids,  and 
gases  still  more  proportionally.  With  gases, 
moreover,  the  bulk  depends  very  largely  upon 
the  pressure  acting  upon  it,  gases  being  readily 
compressible.  However,  gases  do  not  differ  ma- 
terially in  their  coefficients  of  expansion.  It  is 
found  that  under  a  constant  pressure  the 
co-efficient  of  cubical  expansion  for  all 
gases  is  about  1/490.  The  expansion  of 
liquids  varies  considerably,  but,  in  general, 
the  denser  the  fluid  the  less  the  expan- 
sion ;  thus  water  expands  more  than  mer- 
cury, and  alcohol  more  than  water;  and,  com- 
monly, the  greater  the  heat  the  greater  the  ex- 
pansion; but  this  is  not  universal,  for  there  are 
cases  in  which  expansion  is  produced,  not  by  an 
increase,  but  by  a  diminution  of  temperature. 
Water  furnishes  us  with  the  most  remarkable 
instance  of  this  kind.  Its  maximum  of  density 
corresponds  with  39.2°  F.  This  fact  is  of  the 
utmost  importance  in  the  economy  of  nature. 
When  the  surface  of  rivers  and  lakes  is  cooled 
the  upper  or  surface  layer  of  water  sinks  and 
warmer  water  from  below  takes  its  place  till 
the  whole  mass  is  cooled  to  40°.  After  this 
the  circulation  ceases ;  the  colder  layer  being  less 
dense  remains  at  the  top  until  it  freezes.  The 
maximum  density  point  of  sea  water  is  consider- 
ably lower  than  that  of  fresh  water,  and  varies 
with  the  quantities  of  the  salt  contained  in  it. 
The  expansion  of  water  is  about  the  same  for 
any  number  of  degrees  above  or  below  the  max- 
imum density  point.  Thus,  if  we  heat  water 
5°  above  39.2°  it  occupies  the  same  bulk  as 
it  does  when  cooled  down  to  5°  below 
39.2°.  _  The  force  with  which  water  ex- 
pands in  the  act  of  freezing  is  shown  when 
glass  bottles  are  filled  with  water  and  scaled; 
the  glass  is  broken  in  pieces  when  the  water 
freezes.  A  brass  globe,  whose  cavity  is  an  inch 
in  diameter,  may  be  burst  by  filling  it  with 
water  and  freezing  it;  and  the  force  necessary 
for  this  effect  is  27,720  pounds.  The  expansive 
force  of  freezing  water  is  due  to  the  tendency 
which  water  in  solidifying  is  observed  to  have 
to  arrange  its  particles  so  as  to  form  prismatic 
crystals,  crossing  each  other  at  angles  of  60 
degrees  and  120  degrees.  Various  methods  have 
been  tried  to  ascertain  the  specific  gravity  of  ice 
at  32° ;  that  which  succeeded  best  was  to  dilute 
alcohol  with  water  till  a  mass  of  solid  ice  put 
into  it  remained  in  any  part  of  the  liquid  with- 
out cither  sinking  or  rising.  The  specific  gravity 
of  such  a  liquid  is  0.92,  which,  of  course,  is  the 
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specific  gravity  of  ice,  supposing  the  specific 
gravity  of  water  at  60°  to  be  1.  This  is  an 
expansion  much  greater  than  water  experiences 
even  when  heated  to  212°,  its  boiling-point. 
We  see  from  this  that  water  at  the  instant  of 
solidification  rccives  a  sudden  and  considerable 
augmentation  of  bulk.   See  Heat. 

The  coefficients  of  expansion  of  some  of  the 
commoner  solids  and  liquids  on  the  Fahrenheit 
scale  are  approximately  as  follows: 

Glass.  1/75,000;  iron,  1/50,000;  gold,  1/40,000; 
copper,  1/36,000;  silver  and  brass,  1/33,000; 
tin,  1/31,000;  lead  and  zinc,  1/23,000;  mercury, 
1/11,700;  water,  1/3,870;  ether,  1/2,570;  chlo- 
roform, 1/1,150. 

Economically  the  importance  of  expansion  is 
very  large,  particularly  in  the  temperate  zone. 
Here  the  variation  of  natural  temperatures  be- 
tween winter  and  summer  is  about  80°.  In 
all  buildings,  bridges,  concrete  constructions, 
etc..  expansion  joints  are  inserted  to  take  up  the 
variation  due  to  the  changes  in  temperature. 
In  instruments  of  precision  this  variation  be- 
comes of  the  utmost  importance,  requiring  deli- 
cate adjustments,  as  in  the  compensating  pen- 
dulum.  See  Pendulum. 

EXPATRIATION,  the  voluntary  renunci- 
ation of  the  rights  and  liabilities  of  citizenship 
in  one  country,  in  order  to  become  the  citizen 
or  subject  of  another.  The  right  of  a  citizen  of 
one  country  to  renounce  his  allegiance  in  order 
to  adopt  another  country  as  his  own  has  and  is 
still  much  disputed.  It  seems  most  reasonable 
that  the  mother  country  and  not  the  individual 
should  decide  the  question.  In  the  early  part  of 
the  19th  century  the  United  States  was  almost 
the  only  nation  that  claimed  for  individ- 
uals the  right  of  expatriation  without  the  con- 
sent of  the  government  of  which  they  were  citi- 
zens or  subjects.  The  European  nations,  as  a 
rule,  maintained  that  the  permission  of  the 
sovereign  was  necessary;  and  the  enforcement 
by  England  of  the  claim  was  one  of  the  causes 
of  the  War  of  1812.  The  right  of  voluntary  re- 
nunciation of  allegiance  to  the  United  States  by 
one  of  our  citizens  was  unsettled,  so  far  as 
legislation  was  concerned,  till  the  Act  of  Con- 
gress of  27  July  1868  asserted  that  expatriation 
"is  a  natural  and  inherent  right  of  all  people," 
but  the  action  of  the  Department  of  State  had 
previously  seemed  practically  to  admit  the  right. 
The  first  formal  recognition  of  this  principle 
was  secured  in  an  expatriation  treaty  with  the 
North  German  Confederation,  signed  22  Feb. 
1868.  The  position  of  Germans  with  regard  to 
naturalization  has  been  somewhat  altered  by 
the  German  law  of  1913,  which  declares  that 
"a  person  does  not  lose  his  nationality  if,  be- 
fore acquiring  a  foreign  nationality,  he  has  ap- 
plied for,  and  received,  the  written  permission 
of  the  competent  authority  of  his  home  State  to 
retain  his  nationality."  England  first  recognized 
the  right  of  voluntary  expatriation  by  act  of 
Parliament  in  1870,  and  immediately  concluded 
an  expatriation  treaty  with  the  United  States. 
This  act  was  amended  in  1914  with  the  inten- 
tion of  making  the  status  of  naturalized  citizens 
uniform  throughout  the  Empire.  All  the  lead- 
ing nations  of  Europe  now  recognize  the  right, 
including,  besides  those  mentioned,  France. 
Austria,  Russia,  Italy  and  Spain. 

The  right  of  the  individual  to  expatriate  him- 
self has  always  been  a  cardinal  doctrine  with 


American  statesmen.  The  whole  subject  of  ex- 
patriation is  regulated  by  the  law  of  2  March 
1907.  Under  this  statute  an  American  citizen  is 
assumed  to  have  changed  his  citizenship  when 
he  becomes  naturalized  in  any  foreign  slate. 
When  an  individual  who  has  been  naturalized  in 
the  United  States  has  resided  for  a  period  of 
two  years  in  the  foreign  state  from  whence  he 
came,  or  five  years  in  any  foreign  state,  he  is 
presumed  to  have  divested  himself  of  his 
American  citizenship.  An  American  woman 
who  marries  a  foreigner  assumes  the  nationality 
of  her  husband.  If  a  resident  of  the  United 
States  on  the  termination  of  the  matrimonial 
bond,  she  may  reassumc  her  citizenship,  or  if  in 
a  foreign  state,  by  registration  within  a  twelve- 
month with  the  American  consul.  A  foreign 
woman  who  acquires  through  marriage  with  an 
American  citizenship  in  the  United  States  re- 
tains her  status  if  she  continues  to  reside  in  the 
country.  The  problem  of  assimilation  has  in 
the  United  States  assumed  an  aspect  of  extreme 
gravity  since  the  outbreak  of  the  Great  Euro- 
pean War.  On  questions  growing  out  of  the 
war  there  has  been  maintained  a  persistent 
agitation  by  the  representatives  of  foreign  gov- 
ernments, with  the  object  of  influencing  Ameri- 
can citizens  of  their  respective  races  and 
through  them  stimulating  loyalty  to  these  for- 
eign governments  so  as  to  influence  American 
opinion  on  their  behalf,  to  the  grave  endanger- 
mcnt  of  American  neutrality.  Pressure  has 
been  brought  to  bear  on  legislators  and  through 
them  on  the  national  administration.  Unwar- 
rantable interference  with  the  internal  concerns 
of  the  United  States  led  to  the  dismissal  of  Dr. 
Dumba  (q.v.),  the  Austrian  Ambassador.  See 
Citizenship  in  the  United  States;  Auens; 
Naturalization. 

EXPECTATION.   See  Psychology. 

EXPECTATION  SUNDAY,  the  Sunday 
before  Whitsunday.  Acts  i,  4,  Christ  com- 
manded the  disciples  "that  they  should  not 
depart  from  Jerusalem,  but  wait  for  the  promise 
of.  the  Father."  They  waited  till  the  day  of 
Pentecost  and  the  promise  was  fulfilled. 

EXPECTATION  WEEK,  the  week,  or 
rather  the  nine  days,  which  elapsed  between  the 
ascension  of  Jesus  and  the  Pentecostal  effusion 
of  the  Spirit,  because  during  that  interval  the 
apostles  and  early  Church  waited  in  expectation 
that  the  promised  Comforter  would  come. 

EXPECTORANT,  a  remedy  used  to  in- 
crease the  amount  of  secretion  of  the  lower 
respiratory  tract  —  the  trachea  and  bronchi. 
Such  remedies  act:  (1)  Through  nervous  influ- 
ences, like  those  of  ipecac,  antimony,  senega ;  or 
(2)  they  increase  the  amount  of  blood  flowing 
around  the  bronchi ;  or  else  (3)  they  stimulate 
the  mucous  membranes  of  the  bronchi  as  they 
arc  excreted.  To  this  latter  class  potassium 
iodide,  chloride  of  ammonium,  the  aromatic 
balsams  and  squills  belong.  They  are  useful  in 
chronic  stages  of  catarrhal  bronchitis.  See 
Bronchitis. 

EXPECTORATION,  technically  termed 
sputum,  is  a  physiological  secretion,  but  when 
there  is  an  excess  of  secretion  of  mucus  in  the 
bronchi  and  trachea,  which  is  expelled  by  hi-w Ic- 
ing or  coughing,  it  becomes  a  diseased  condition. 
Its  examination  and  determination  are  essen- 
tials in  the  diagnosis  of  chest  ailments.  Eoc- 
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cessive  expectoration  is  found  in  bronchitis,  in 
pneumonia,  in  tuberculosis,  in  gangrene  of  the 
lung  and  in  influenza.  In  ad  of.  ihese  condi- 
tions the  sputum  carries  the  germ  of  the  disease 
and  should  be  disinfected.  Miscellaneous  ex- 
pectoration in  the  street  and  public  places 
should  be  prohibited  by  law.  To  properly  disin- 
fect the  sputum  it  should  be  received  in  a  paper 
spit-cup  or  appropriate  pocket-flask,  and  later 
destroyed.  A  mixture  of  carbolic  acid,  1  to  25 
of  water,  or  of  chlorinated  lime,  a  tcaspoonful 
to  a  pint  of  water,  should  be  used  in  spittoons 
if  these  arc  essential.  In  cases  of  tuberculosis 
and  influenza  particularly,  great  care  should  be 
taken  of  the  sputum  and  of  all  handkerchiefs, 
towels,  napkins  and  other  linen  that  come  in 
contact  with  the  patient.  See  Disinfection: 
Influenza;  Tuberculosis. 

EX  PEDE  HERCULEM,  ([know]  Her- 
cules from  his  foot),  a  proverb  meaning  that 
from  a  part  we  may  be  enabled  to  test  the 
whole  structure  of  a  thing.  The  proverb  is 
founded  on  the  story  that  Pythagoras  deter- 
mined the  stature  of  Hercules  on  the  basis 
that  the  Olympic  stadium  measured  exactly  600 
times  the  length  of  Hercules'  foot.  In  pro- 
portion as  this  stadium  exceeded  others  which 
were  600  times  the  length  of  a  normal  foot,  so 
much  larger  was  Hercules  than  the  normal  man. 
Kindred  are  the  expressions,  "Ab  uno  disce 
omnes,,>  "From  one  (treacherous  Greek)  know 
the  whole  (race}  B  (Virgil.  '-lEneid*  II,  65-66), 
and  "Ex  ungue  leonem,"  "(know)  the  lion  from 
his  claw.1 

EXPEDITIONS  TO  LATIN  AMER- 
ICA.  See  Discoveries  of  America. 

EXPERIENCE  MEETING,  a  religious 
gathering  whereat  some  of  those  present  recount 
their  spiritual  experiences.  Such  meetings  are 
common  in  the  Methodist  denomination  and 
other  sects  hold  such  meetings  at  stated  inter- 
vals. 

EXPERIMENT,  an  operation  designed  to 
discover  some  truth,  principle  or  effect,  or  to 
establish  or  illustrate  it  when  discovered.  It 
differs  from  observation  in  the  fact  that  the 
phenomena  observed  are,  to  a  greater  or  less 
extent,  controlled  by  human  agency.  Experi- 
ment distinguishes  the  modern  method  of  in- 
vestigating nature  and  wc  owe  to  it  the  rapid 
strides  made  in  chemistry,  physics  and  other 
sciences. 

EXPERIMENT  STATIONS.  See  Agri- 
cultural Experiment  Stations. 

EXPERIMENTAL  PSYCHOLOGY. 

See  Psychological  Apparatus. 

EXPERT.  One  having  special  knowledge 
or  skill  in  a  particular  subject;  a  specialist; 
specifically,  in  law,  one  qualified  to  give  expert 
testimony  in  a  judicial  proceeding.  Sec  Evi- 
dence. 

EXPERT  TESTIMONY.  A  branch  of 
the  law  of  legal  evidence  which  may  be  defined 
as  testimony  in  the  form  of  an  opinion,  based 
upon  facts  proved  in  an  action  by  other  wit- 
nesses, or  upon  facts  assumed  to  have  been 
proved,  concerning  matters  involving  scientific 
or  technical  knowledge. 

The  value  of  expert  testimony  was  recog- 
nized in  the  Roman  law  and  was  incorporated 
in  that  system  of  jurisprudence.  In  the  law  of 
some  continental  countries  the  system  has  al- 
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ways  been  firmly  established.  Indeed,  in  those 
countries,  all  forms  of  opinion  evidence  was 
and  still  is  freely  accepted :  the  courts  giving  it 
such  weight  as  it  seems  entitled. 

In  the  very  earliest  period  of  the  English 
law,  however,  expert  testimony  was  unknown. 
At  that  time  a  jury  was  selected  from  among 
persons  already  possessing  knowledge  of  the 
facts  of  the  case  to  be  tried.  In  other  words, 
during  the  early  development  of  English  law, 
the  witnesses  composed  the  jury  and  their  ver- 
dict was  based  upon  the  facts  within  their  own 
knowledge,  and  no  effort  was  made  to  assist 
them.  Gradually,  however,  the  practice  of 
taking  testimony  in  open  court  came  into  vogue, 
and  it  was  later  seen,  in  order  that  an  impartial 
verdict  might  be  rendered,  that  the  jury  should 
be  composed  of  unbiased  persons,  whose  minds 
were  not  hampered  by  conclusions  theretofore 
formed. 

As  a  general  rule  in  the  English  common 
law,  which  is,  with  slight  modifications,  the  law 
of  the  United  States,  testimony  of  opinions  has 
never  been  admitted  as  evidence.  Our  courts 
require  and  allow  testimony  as  to  facts  only, 
and  consider  it  the  province  of  the  court  and 
jury  to  draw  conclusions  and  form  opinions 
from  the  facts  proved.  An  exception  to  this 
rule  is  found  in  expert  testimony.  Since  a  jury 
represents  only  the  average  intelligence  of  the 
community,  cases  were  early  encountered  where 
it  was  difficult  or  impossible  for  the  jury  to 
reach  a  reasonable  conclusion  from  the  tacts 
proved  before  them,  and  to  obviate  the  defect 
in  the  trial  system,  the  courts  gradually  brought 
to  its  assistance  expert  witnesses,  to  aid  in  cor- 
rectly determinine  questions  presented.  At  that 
stage  expert  testimony  was  confined  almost  en- 
tirely to  that  of  physicians.  Causes  of  death  or 
effects  of  physical  injuries  were  then  and  still 
are  the  most  common  questions  with  which 
juries  must  deal,  and  the  determination  of  such 
issues  is  dependent  largely  upon  the  opinions  of 
skilled  physicians,  familiar  with  the  conditions, 
testifying  as  experts.  In  later  years  in  England 
and  in  the  United  States,  expert  testimony  has 
been  availed  of  to  assist  juries  in  various  other 
classes  of  cases.  The  theory  of  the  courts  in 
allowing  such  testimony  is,  that  the  jury,  or 
where  the  action  is  tried  without  a  jury,  the 
trial  judge,  is  not  competent  to  draw  its  own 
conclusion  from  the  facts  proved,  without  the 
aid  of  such  testimony.  In  that  event  witnesses 
possessing  technical  or  peculiar  knowledge  upon 
the  subject  are  allowed  to  give  their  opinions 
as  evidence  for  the  enlightenment  of  judge  or 

iury 

Within  the  last  few  years,  the  practice  of  em- 
ploying expert  testimony  has  grown  rapidly  and 
has  resulted  in  the  creation  of  a  class  of  wit- 
nesses who  might  be  termed  professional  ex- 
perts, and  who  command  large  fees  for  their 
services.  This  has  conduced  to  a  result  which 
has  brought  about  much  criticism,  adverse  to 
the  system,  based  largely  upon  the  fact  that 
the  testimony  of  expert  witnesses  involving 
lengthy  technical  discussions  is  one  if  not  the 
principal  cause  of  the  unreasonable  length  of 
modern  trials ;  upon  the  further  fact  that  the 
testimony  of  the  modern  expert,  with  its  tech- 
nicalities and  extreme  leneth,  tends  rather  to 
obscure  than  to  enliehten  the  minds  of  a  jury; 
but  principally  upon  the  fact  that  such  testimony 
has  proved  in  a  great  many  cases  to  be  so  par- 
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tisan  as  to  be  wholly  unreliable.  This  criticism 
is  not  unmerited. 

The  creation  of  the  class  of  so-called  pro- 
fessional experts  whose  services  demand  large 
compensation  has  resulted  in  a  condition  where 
opposite  opinions  may  be  obtained  in  any  num- 
ber. Some  of  the  recent  prominent  murder 
trials  have  hence  afforded  an  interesting  spec- 
tacle of  arrays  of  experts  with  conflicting  opin- 
ions retained  by  the  respective  parties,  at  great 
expense,  whose  examination  and  cross-examina- 
tion has  consumed  days  and  even  weeks,  ex- 
hausting the  patience  of  the  judge,  consuming 
the  time  of  the  courts,  perplexing  instead  of 
clearing  the  issues,  and  weakening  the  confi- 
dence of  the  public  in  its  system  of  justice. 

Before  the  testimony  of  an  expert  witness  is 
admitted,  he  must  be  qualified  as  an  expert;  in 
other  words  it  must  be  shown  by  his  own  testi- 
mony that  he  has  a  knowledge  derived  from 
experience  or  study  not  possessed  by  the  or- 
dinary persons  in  regard  to  the  particular  sub- 
ject to  which  he  intends  to  testify.  Whether  or 
not  the  witness  has  proved  himself  an  expert  is 
determined  by  the  trial  judge  in  his  discretion. 

The  method  usually  adopted  to  get  the  tes- 
timony of  an  expert  witness  before  the  jury, 
after  his  qualification,  is  through  the  form  of  a 
hypothetical  question.  A  question  is  put  to  the 
witness  by  the  counsel  of  the  party  calling  him, 
the  question  containing  in  detail  the  facts  which 
the  counsel  believes  have  been  proved  and  the 
witness  is  asked  his  opinion  upon  the  assump- 
tion that  the  facts  assumed  arc  true.  Such 
hypothetical  question  is  often  of  great  length, 
containing,  as  it  docs,  a  statement  of  facts  that 
may  have  required  days  to  prove.  After  the 
question  is  answered  by  the  expert,  he  is  usually 
subjected  to  a  long  cross-examination  by  the 
opposing  counsel  to  test  his  skill  and  knowledge 
and  the  correctness  of  his  conclusion.  That  the 
ordinary  jury  places  little  weight  upon  the  con- 
clusions of  an  expert  based  upon  the  facts  con- 
tained in  a  hypothetical  question  may  be  in- 
ferred from  the  fact  that  the  counsel  putting  the 
question  may  assume  facts  which  have  not  been 
proved  to  the  satisfaction  of  the  jury.  Again 
the  question  is  often  so  long  and  involved  that 
its  meaning  is  soon  lost. 

In  other  cases,  however,  where  the  witness 
has  knowledge  oi  the  facts,  the  hypothetical 
question  is  not  necessary.  For  instance,  the 
opinion  of  an  expert  in  handwriting  may  be 
given  after  his  comparison  of  the  disputed  writ- 
ing with  an  admitted  sample  of  handwriting 
used  as  a  standard  of  comparison ;  and  the 
physician  who  has  examined  a  physical  injury, 
or  the  alienist  who  has  examined  a  person 
claimed  to  be  insane,  may  testify  as  to  his  opin- 
ion based  upon  the  knowledge  acquired  by  him 
through  such  examination  without  the  medium 
of  a  hypothetical  question. 

The  courts  do  not  consider  expert  testimony 
of  great  importance,  or  in  any  case  binding  on 
the  jury.  It  is  allowed  solely  for  the  purpose 
of  assisting  the  jury  and  the  courts  take  oc- 
casion to  instruct  a  jury  to  attach  such  weight 
to  expert  testimony  as  in  their  minds  it  seems 
entitled  or  to  disregard  it  altogether  if  they 
deem  fit  so  to  do.  Such  an  instruction  will  be 
upheld  even  if  there  is  no  conflict  in  the  expert 
testimony  introduced 

In  spite  of  the  just  criticism  to  which  the 
modern  development  of  expert  testimony  has 


been  subjected,  the  doctrine  has  its  uses  and  is 
necessary  to  our  system  of  jurisprudence. 

Thus,  such  testimony  is  absolutely  indispen- 
sable to  prove  the  custom  in  a  trade;  to  prove 
the  tensile  strength  of  materials ;  the  probable 
cost  of  buildings  or  works;  the  chemical  com- 
position of  materials;  the  presence  of  disease 
and  the  cause  and  effects  of  disease  or  physical 
injury  and  the  cause  of  death;  the  seaworthiness 
of  vessels  and  other  nautical  matters;  and  to 
assist  the  jury  in  various  other  matters  not 
within  the  knowledge  of  the  average  judge  or 
juryman. 

Various  remedies  through  legislation  have 
been  suggested  to  remedy  the  abuses  to  which 
expert  testimony  has  been  subjected,  such  as 
limiting  the  number  of  such  witnesses  to  be 
called  upon  a  trial;  limiting  the  length  of  the 
testimony,  forbidding  an  expert  witness  receiv- 
ing any  compensation  beyond  the  ordinary  fees 
of  witnesses  and  even  to  the  extent  of  forbid- 
ding expert  testimony  in  some  classes  of  cases, 
the  most  recent  suggestion  in  connection  with 
criminal  cases  being  the  creation  of  a  board  of 
experts  retained  and  compensated  solely  by  the 
State  whose  services  may  be  invoked  by  either 
the  people  or  the  accused. 

It  may  be  suggested  that  the  evil  will,  in 
rime,  work  its  own  remedy  through  the  agency 
of  the  courts  without  the  aid  of  legislation. 
The  judge  presiding  at  the  trial  of  an  action 
has  a  wide  discretion  in  allowing  or  disallowing 
the  testimony  of  experts,  and  it  may  be  said 
that  a  too  liberal  policy  of  allowing  expert  tes- 
timony without  limit  is  largely  the  cause  of  the 
abuse. 

Henry  M.  Earle, 
Attorney,  New  York  City. 

EXPIATION,  Day  of.   See  Atonement. 

EXPLANATION.  An  event  is  explained 
when  it  is  exhibited  as  an  instance  of  a  law, 
or  true  universal  proposition.  For  example,  the 
fall  of  a  raindrop  is  partly  explained  if  it  is 
regarded  as  an  example  of  the  tendency  of 
water  to  fall  to  the  earth,  and  it  is  still  further 
explained  if  it  is  regarded  as  an  example  of  the 
gravitational  attraction  which  each  body  has  for 
every  other.  The  explanation  becomes  even 
more  satisfactory  if  the  velocity  and  course  of 
the  raindrop  are  found  to  conform  to  the 
mathematical  formulae  concerning  gravitational 
motion  in  a  retarding  medium.  In  other  words, 
the  function  of  physical  explanation  is  to  re- 
duce the  world  of  physics  from  an  incoherent 
mass  of  particular,  disconnce'ed  facts,  to  the 
far  more  manageable  domain  of  a  few  reason- 
able simple  laws,  even  though  these  laws  go 
beyond  the  particular  facts  which  form  their 
basis.  The  ideals  of  explanation  are  the  same 
everywhere,  though  but  seldom  can  the  per- 
fection of  physical  explanation  be  attained. 
F.ven  teleological  explanation,  or  explanation, 
not  by  the  causes  of  natural  science,  but 
by  purposes,  attempts  to  reduce  what  it  re- 
gards as  the  complex  of  deeds  of  some  apent 
to  the  performances  of  some  more  or  less 
stable  character  —  that  is.  of  some  character 
which  acts  in  a  more  or  less  uniform  manner. 

The  criteria  of  a  good  explanation  are 
larcrely  dependent  on  the  particular  field  within 
which  the  explanation  i*  made.  There  are 
certain  general  methods  of  explanation  which 
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have  been  found  especially 'adapted  to  the  facts 
of  physics,  others  with  a  peculiarly  psychologi- 
cal field  of  usefulness,  others  again  which  serve 
best  in  the  discussion  of  moral  conduct.  The 
good  new  explanation,  though  like  every  innova- 
tion, it  must  in  some  way  conflict  with  estab- 
lished traditions,  will  almost  invariably  follow 
in  a  general  way  the  explanatory  traditions  of 
its  appropriate  held.  There  is  one  kind  of  ex- 
planation, however,  which  is  almost  never  of 
service.  This  is  the  explanation  that  goes  back 
to  some  more  or  less  occult  force,  principle  or 
faculty.   See  Induction. 

EXPLOITS  RIVER,  a  river  of  New- 
foundland, rising  in  the  southwest  part  of  the 
island  and  flowing  in  a  northeastern  direction 
thr6ugh  Red  Indian  Lake  and  emptying  into  the 
Bay  of  Exploits  after  a  course  of  160  miles. 
Large  steamers  ascend  it  for  about  11  miles  and 
light  draught  vessels  for  over  100  miles.  It 
almost  divides  the  island  into  two  equal  parts. 

EXPLORATION  IN  AMERICA.  As 

the  routes  followed  by  explorers  of  North 
America  were  determined  by  its  physical  con- 
tour, a  brief  geographical  survey  is  necessary 
to  understand  the  progress  of  its  exploration. 
Thus  considered,  the  continent  divides  itself 
into  four  geographic  provinces :  the  Atlantic 
coast  region,  the  eastern  mountains,  the  central 
region  and  the  western  mountains.  The  first 
embraces  the  coastal  plain  and  Piedmont  pla- 
teau lying  east  of  the  Appalachians ;  the  second 
the  Appalachian  Mountains  and  their  northern 
extension  to  the  Gulf  of  Saint  Lawrence*  the 
third  the  whole  Mississippi  Basin,  the  Great 
Lake  region  and  the  Hudson  Bay  drainage.  The 
last  province  is  the  great  cordillcra  of  western 
North  America,  which  lies  west  of  the  Mis- 
sissippi Basin  and  includes  the  Rock)'  Moun- 
tain system,  Pacific  Mountain  system  and  the 
Great  Basin  region  lying  in  between. 

The  Atlantic  seaboard,  which  was  the  scene 
of  the  earliest  exploration  and  settlement,  is 
separated  from  the  central  region  by  the  Appa- 
lachian barrier.  Hence  the  Saint  Lawrence, 
lying  beyond  the  northern  terminus  of  this  bar- 
rier, is  the  only  easterly  flowing  river  which 
drains  any  part  of  the  central  province;  and* as 
in  an  unexplored  wilderness  watercourses  nat- 
urally offer  the  ♦easiest  routes  of  travel,  it  was 
by  its  valley  that  explorers  first  penetrated  the 
continent.  A  way  through  the  barrier  was 
found  by  following  the  Hudson  and  its  westerly 
tributary,  the  Mohawk,  which  is  connected  with 
Lake  Ontario  by  a  lowland  area. 

The  central  province  is  covered  by  a  network 
of  waterways  extending  nearly  two-thirds  of 
the  distance  across  the  continent,  from  the  in- 
land margin  of  the  Appalachians  on  the  east 
to  the  front  of  the  Rocky  Mountains  on  the 
west.  It  h  separated  by  low  divides  into  three 
distinct  drainage  systems :  the  rivers  emptying 
into  the  Gulf  of  Mexico  through  tht  Missis- 
sippi ;  the  waters  which  feed  the  Saint  Law- 
rence ;  and  the  rivers  tributary  to  Hudson  Bay. 

The  western  mountain  belt  stretches  north- 
ward from  Mexico  through  the  United  States 
and  Canada  to  the  Arctic  Ocean.  Its  southern 
section  is  interlaced  by  a  series  of  rivers  tribu- 
tary in  part  to  the  Rio  Grande,  flowing  into 
the  Gulf  of  Mexico;  and  part  to  the  Colorado 
River,  flowing  into  (he  Gulf  of  California. 

The  easiest  route  across  the  continent  lay 


near  the  present  northern  boundary  of  the 
United  States,  where  the  head  waters  of  the 
Missouri  reach  far  into  the  western  mountains, 
only  500  miles  from  the  Pacific,  and  separated 
by  but  one  divide  from  the  Columbia  River 
Basin,  which  leads  directly  to  the  Pacific. 
Geographically,  then,  the  explorations  of  our 
country  fall  into  four  groups:  (1)  those  along 
the  Atlantic  seaboard,  made  by  colonists  of 
various  nationalities;  (2)  those  along  the  Mis- 
sissippi, made  by  the  Spaniards  from  the  south, 
the  French  from  the  north  and  pioneers  break- 
ing through  the  passes  of  the  Appalachians 
from  the  the  Atlantic  seaboard;  (3)  those  made 
by  the  Spaniards  northward  from  'he  Mexican 
border;  and  (4)  those  of  the  western  mountains, 
made  by  Americans  and  of  comparatively  recent 
date. 

Though  the  Cabots  discovered  North 
America  in  1497  and  claimed  it  for  England,  it 
was  Spain  who  first  attempted  its  exploration. 
Ponce  de  Leon,  who  had  sailed  with  Columbus 
on  his  second  voyage  and  subsequently  become 
governor  of  Porto  Rico,  set  out  in  1513 
in  search  of  the  "Fountain  of  Youth." 
Sighting  an  unknown  coast  at  lat.  30°  8', 
he  named  the  land  "Florida,*  and  turn- 
ing south  explored  both  sides  of  the 
peninsula.  When  he  attempted  nine  years  later 
to  plant  a  colony  on  these  shores,  he  was  driven 
off  by  Indians. 

But  Spanish  interest  was  aroused.  In  1519 
Cortes  achieved  his  infamous  conquest  of  Mex- 
ico, and  the  fame  of  its  wealth  inspired  others 
to  seek  the  New  World.  Panfilo  de  Narvaez  ob- 
tained a  grant  to  conquer  and  govern  Florida, 
by  which  was  meant  all  the  rest  of  the  con- 
tinent, stretching  indefinitely  northward  from  the 
Gulf  of  Mexico.  With  300  men  he  landed  at 
Tampa  Bay  in  1528  and  marched  northward, 
suffering  terrible  hardships.  Disappointed  at  not 
finding  the  gold  they  sought,  they  returned  to 
the  coast  near  Appalachee  Bay  and  set  out  for 
Mexico  in  improvised  boats,  but  were  wrecked 
by  the  way.  Of  the  whole  party,  Cr.bcza  de 
Vaca  and  three  others  were  the  only  survivors. 
For  six  years  they  wandered :  up  through  Mis- 
sissippi, across  the  Mississippi  River  near  Mem- 
phis, along  the  Arkansas  and  Red  rivers  to 
New  Mexico  and  Chihuahua;  at  last  reaching 
Sinaloa  on  the  Gulf  of  California,  where  they 
were  found  by  Spaniards  and  taken  to  Mexico 
(1536). 

Cabcza's  written  account  of  their  experi- 
ences, published  after  his  return  to  Spain, 
falsely  attributed  great  wealth  to  Florida.  So 
when  Hernando  de  Soto,  fresh  from  the  con- 
quests in  South  America,  which  had  given  him 
riches  and  fame,  obtained  permission  to  con- 
quer Florida,  many  flocked  to  join  him.  He 
sailed  in  nine  ships  with  620  men,  maintaining 
great  display-.  Landing  at  Tampa  Bay  in  1539, 
the  procession  wandered  westward,  ill-treating 
the  natives,  for  three  years  in  pursuit  of  gold 
through  the  wilderness  of  the  ptesent  Georgia, 
Alabama,  Tennessee  and  Mississippi  to  the 
banks  of  the  Mississippi  River.  They  crossed 
above  the  Arkansas,  penetrated  westward  until 
frightened  back  by  the  roving  prairie  tribes,  and 
returned  to  the  Mississippi,  where  De  Soto 
died  and  was  buried  in  its  waters  at  the  mouth 
of  the  Red  River  (1542).  His  followers  under 
Moscoso  built  seven  brigantines,  descended  to 
the  Gulf  and  reached  the  Spanish  settlement  on 
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the  river  Panuco,  311  survivors  all  told  Thus 
it  was  De  Soto  who  first  attracted  attention  to 
the  Mississippi.  Alonso  de  Pineda  had  dis- 
covered its  mouth  in  1519,  and  named  it 
"Espiritu  Santo,"  and  Caheza  de  Vaca  crossed 
it  about  1530;  but  neither  of  them  recognized  its 
importance. 

The  fate  of  this  expedition  discouraged 
coastal  explorations  for  a  time.  But  the  Span- 
iards in  Mexico  were  already  pushing  their  way 
up  into  the  heart  of  the  continent.  In  1539 
Marcos  de  Niza,  a  priest,  penetrated  New  Mex- 
ico and  came  back  with  reports  of  the  wealth  of 
Cibola,  a  name  which  he  applied  to  seven  cities 
somewhere  to  the  north.  These  were  long 
supposed  to  be  mythical,  hut  have  since  been 
identified  as  the  seven  Zuni  villages  in  New 
Mexico. 

The  tale  led  Vasquez  de  Coronado  to  set  out 
in  1540.  Part  of  his  expedition  he  sent  by 
water  up  the  Gulf  of  California  under  Her- 
nando dAlarcon,  who  discovered  the  Colorado 
River  and  ascended  it  for  85  leagues.  The 
other  part  he  led  overland  in  the  direction  of 
Cibola,  which  he  found  and  conquered  (about 
lat.  35" )  ;  and  then  on  into  Kansas  to  about 
lat.  40°. 

The  belt  of  country  bounding  Mexico  on  the 
north  received  the  name  "New  Mexico*  from 
Antonio  Espejo,  an  explorer  who  started  north 
in  1582  with  Indian  guides  to  the  rescue  of  three 
missionaries  who  had  been  deserted  the  pre- 
vious year.  Following  the  Rio  Grande  del 
Norte,  he  came  to  Cibola  and,  after  learning 
that  the  missionaries  had  been  killed,  con- 
tinued to  explore  the  region  and  returned  by 
the  river  Pecos. 

The  colonizer  of  New  Mexico  was  Juan  de 
Onatc.  He  entered  the  country  in  1597  with 
130  families  and  founded  the  first  capital,  San 
Gabriel  (second  oldest  town  in  the  United 
States),  near  Santa  Fe.  In  succeeding  years  he 
carried  his  explorations  westward  through  Ari- 
zona, in  1604  following  the  Gila  River  to  the 
Gulf  of  California.  The  following  year  he 
founded  Santa  Fe. 

While  this  was  going  on  in  the  interior, 
other  nations  were  interested  in  the  coast.  It 
must  be  remembered  that  Columbus  was  in 
search  of  a  western  passage  to  Asia  when  he 
came  upon  America.  But  the  idea  did  not  die. 
A  similar  quest  brought  the  Cabots  to  the 
shores  of  North  America;  and  later,  as  the 
vast  extent  of  the  new  country  began  to  be 
realized,  one  explorer  after  another  searched  the 
coast  for  a  water  route  by  which  to  pierce  the 
continent.  When  at  last  the  waters  of  the  Saint 
Lawrence  were  found  to  lead  no  farther  than 
the  Great  Lakes,  explorers  still  pushed  west- 
ward along  the  tributaries  of  the  Mississippi  or 
attempted  to  round  the  continent  on  the  north 
through  the  ice-hlocked  seas. 

In  1524  Giovanni  da  Veirazzano,  sent  by 
Francis  I  of  France,  examined  the  shores  from 
South  Carolina  to  Newfoundland,  and  wrote  to 
the  king  the  first  known  description  of  them. 
He  brought  back  a  theory  of  an  inland  sea 
approaching  the  Atlantic  coast  about  the  mid- 
dle of  the  continent;  and  it  was  to  find  this 
«Sea  of  Verrazzano,*  as  a  possible  route  to 
Asia,  that  the  kine  sent  Jacques  Cartier  in  1534 
to  the  Gulf  of  Saint  Lawrence  (previously  dis- 
covered hv  lean  Denvs  of  Honfleur).  In  the 
course  of  three  voyages  he  explored  the  Saint 
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Lawrence  as  far  as  Montreal,  believing  that 
he  bad  found  the  western  passage. 

Cartier  attempted  to  plant  a  colony  near  the 
site  of  Quebec;  but  for  many  years  France's 
efforts  in  that  line  were  doomed  to  failure 
Equally  unsuccessful  were  lean  Ribaut,  who  in 
1562  brought  over  a  band  of  Huguenot  colonists 
to  the  site  of  Beaufort,  S.  C. ;  and  Rene  de  Lau- 
donnicre,  who  founded  Fort  Caroline  two  years 
later  at  the  mouth  of  the  Saint  John's  River, 
Florida.  In  1565  Pedro  Menendez  de  Aviles 
came  to  colonize  Florida  for  Spain,  and  mas- 
sacred the  inhabitants  of  Fort  Caroline.  Lau- 
donniere  escaped  to  France,  but  Ribaut  (who 
had  just  arrived  from  his  second  voyage  with 
reinforcements  for  the  colony)  was  killed  while 
attempting  to  escape  along  the  coast. 

Menendez  was  the  first  to  establish  Spanish 
rule  firmly  in  Florida.  He  founded  Saint 
Augustine  (oldest  town  in  the  United  States)  in 
1565,  sent  a  mission  to  the  Rappahannock  in 
1570,  and  explored  Chesapeake  Bay  and  the 
Potomac. 

England  sent  out  her  first  colonists  to  James- 
town, Va.,  in  1607.  Among  the  number  was 
Capt.  John  Smith,  an  indefatigable  explorer  of 
the  neighboring  rivers  and  Chesapeake  Bay. 

Another  Englishman,  Henry  Hudson,  sent 
out  in  1609  by  the  Dutch  East  India  Company, 
explored  the  coast  from  Nova  Scotia  to  Chesa- 
peake Bay,  and  then  ascended  the  Hudson  River 
to  Albany.  It  was  during  the  following  year 
that,  in  the  search  for  a  northwest  passage,  he 
discovered  the  strait  and  bay  that  bear  his  name. 

France  first  gained  a  foothold  in  North 
America  through  the  efforts  of  Samuel  de 
Champlain.  The  years  1603-07  he  spent  in  ex- 
ploring the  Saint  Lawrence  and  the  shores  of 
New  England,  making  the  first  accurate  map  of 
that  coast.  After  he  founded  Quebec  in  1608, 
he  became  interested  in  inland  exploration, 
which  twice  led  him  into  the  United  States.  In 
1609  he  set  out  with  11  men  to  aid  the  Hurons 
against  the  Iroquois,  descended  the  Richelieu 
in  canoes,  portaging  part  of  the  way,  and  pushed 
on  through  Lake  Champlain  to  about  Crown 
Point;  and  again  in  1615  he  accompanied  a 
great  war  party  of  Indians  by  way  of  the  New 
York  lakes  into  the  heart  of  the  Iroquois  coun- 
try, south  of  Lake  Oneida. 

From  this  time  fur-traders  and  missionaries 
spread  over  the  country  bordering  the  Saint 
Lawrence  and  its  tributaries,  gradually  approach- 
ing the  Mississippi.  The  Spaniards  had  not  fol- 
lowed up  their  discovery,  tailing  to  understand 
its  importance  Nearly  a  century  after  De 
Soto's  journey  the  French  at  the  north  began 
to  have  an  interest  in  the  Indian  traditions  re- 
garding the  "Great  River."  About  1635  a 
trader,  Jean  Nicollet,  was  sent  to  a  tribe  near 
the  head  of  Green  Bay,  Wisconsin.  From  there 
he  went  with  Indian  guides  up  the  Fox  River, 
portaged  to  the  Wisconsin  and  descended  that 
until  he  came  *ncar  the  sea,*  as  he  reported* 
probably  mistaking  the  "Great  Water*  described 
bv  the  Indians  for  the  sea.  By  1658  two  other 
French  traders,  Radisson  and  Groseilliers, 
reached  the  head  of  Lake  Superior  and  ex- 
plored the  surrounding  country. 

When  these  rumors  of  a  great  river  to  the 
west  reached  Frontenac,  _  the  governor  of 
Canada,  he  sent  Louis  Toliet  to  explore  it  in 
company  with  Jacques  Marquette,  a  Tesuit 
Meeting  at  Saint  Ignace,  they  set  out  with  five 
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men  and  two  canoes,  skirted  the  north  shore  of 
Lake  Michigan  and  Green  Bay,  and  ascending 
the  Fox  River,  were  guided  by  Indians  across 
the  portage  to  the  Wisconsin,  down  which  they 
passed,  reaching  the  Mississippi  17  June.  For 
one  month  they  floated  down  the  great  stream, 
noting  the  mouths  of  its  tributaries  as  they 
passed,  until  they  came  to  an  Indian  village 
opposite  the  mouth  of  the  Arkansas.  By  this 
time  they  knew  that  the  river  emptied  into  the 
Gulf  ot  Mexico,  and  supposing  themselves 
nearer  the  mouth  than  they  actually  were,  they 
turned  back  through  fear  of  Spaniards,  return- 
ing by  way  of  the  Illinois  and  the  western 
shore  of  Lake  Michigan,  which  they  reached  by 
portage.  Two  years  later  Marquette  met  his 
death  while  attempting  to  establish  a  mission  on 
the  Illinois.  His  work  among  the  Indians  was 
taken  up  by  Father  Claude  Allouez,  also  a 
Jesuit,  who  established  several  missions  and 
traversed  much  of  the  country  around  lakes 
Superior  and  Michigan  between  1665  and  1680. 

Already  another  explorer  was  searching  for 
the  Mississippi.  Robert  Cavalier  de  La  Salle 
was  one  of  those  who  had  come  to  Canada 
in  pursuit  of  the  passage  to  China,  and  guessed 
that  it  lay  by  way  of  the  Mississippi,  which  he 
supposed  emptied  into  the  Gulf  of  California. 
In  1669  he  crossed  from  Lake  Ontario  to  a 
branch  of  the  Ohio,  and  followed  that  river 
as  far  as  Louisville.  The  next  year  he  reached 
the  Illinois  from  the  end  of  Lake  Michigan  and 
explored  it  for  some  distance.  For  years  he 
went  back  and  forth  through  the  region  and 
established  trade  with  the  western  Indians.  In 
1680  he  sent  Louis  Hennepin,  another  Jesuit, 
with  two  men  down  the  Illinois  to  ascend  the 
Mississippi.  On  the  way  .they  were  taken  prison- 
ers by  the  Sioux  and  carried  up  the  great  river 
to  the  Falls  of  Saint  Anthony,  which 
Hennepin  named.  There  they  were  joined  by 
the  famous  trader  Daniel  Greysolon  Du  Lhut, 
who  for  two  years  had  fearlessly  explored  the 
region  around  the  end  of  Lake  Superior  and 
the  head  of  the  Mississippi.  He  had  just  come 
by  way  of  the  Saint  Croix  River  from  his  fort 
on  the  site  of  Duluth  and  now  joined  Hennepin 
on  bis  return  journey  by  the  Wisconsin. 

At  last,  in  1632,  La  Salle  attained  his  goal. 
With  Henri  de  Tonty  and  a  large  party  he 
reached  the  Mississippi  from  the  foot  of  Lake 
Michigan  by  way  of  the  Chicago  and  the  Illi- 
nois, and  descended  to  its  mouth.  On  9  April 
La  Salle  took  possession  in  the  name  of  King 
Louis  of  France  and  gave  the  name  Louisiana 
to  all  territory  drained  by  the  Mississippi  After 
his  return  he  sailed  for  France  and  obtained 
permission  to  transport  colonists  to  the  new 
province.  He  reached  the  Gulf  of  Mexico,  but 
was  unable  to  find  the  mouth  of  the  river, 
and  put  in  at  Matagorda  Bay.  There  he  built 
Fort  Saint  Louis,  and  then  started  overland  to 
find  the  Mississippi  and  reach  Canada  to  obtain 
supplies  for  the  colonists,  but  was  murdered  by 
one  of  his  men  near  a  fork  of  Trinity  River, 
Texas. 

Where  La  Salle  had  failed.  Pierre  Le  Moyne 
d'Iberville  was  to  succeed.  In  1699  he  entered 
the  Gulf  of  Mexico  and  explored  the  region 
around  the  mouth  of  the  Mississippi,  leaving  a 
colony  at  Biloxi,  which  was  afterward  trans- 
ferred to  Mobile.  With  him  was  one  already 
k.iown  as  an  explorer  of  the  rorthern  region, 
Pierre  Le  Sueur.    He  in  1695  had  discovered 


and  named  the  Saint  Peter  (the  Minnesota) 
River  and  observed  a  quantity  of  green  earth 
near  it;  and  now,  in  the  belief  that  it  was  cop- 
per, he  led  a  party  of  men  up  the  river  to  work 
it  and  establish  a  fort  on  the  Blue  Earth 
(Green)  River. 

Just  at  this  time  (1703)  Baron  La  Hontan, 
a  man  who  participated  in  many  explorations 
in  the  north  of  the  Valley,  published  an  account 
of  his  wanderings  which  contains  some  valuable 
information  with  much  that  is  false.  He  claimed 
to  have  discovered  a  river  (La  Riviere  Longue) 
entering  the  Mississippi  from  the  west  near 
Lake  Pepin  and  to  have  followed  it  to  its  source 
in  a  large  lake  at  the  foot  of  mountains,  on 
the  other  side  of  which  was  another  river  which 
emptied  into  the  Pacific.  This  figured  on  maps 
for  years  before  it  was  found  to  be  fictitious. 

The  right  to  "farm  out"  this  great  country 
of  Louisiana  was  granted  to  Antoine  Crozat 
in  1714  and  agents  were  immediately  dispatched 
to  explore  the  tributaries  of  the  Mississippi 
Before  the  year  was  out  St.  Denis  followed  the 
Red  River  and  crossed  to  the  Rio  Grande,  where 
he  came  upon  a  Spanish  mission  and  was  im- 

Erisoned,  sent  to  Mexico  and  ordered  to  return, 
a  Harpe  in  1719  pushed  up  the  Red  River 
and  across  to  the  Arkansas,  reaching  lat.  37°  21'. 
He  established  a  post  among  the  Indians, 
claimed  all  this  country  for  France  and  defied 
the  Spaniards  in  a  letter  to  the  Spanish  gov- 
ernor. The  exploration  of  the  Missouri  was 
attempted  in  1719  by  Du  Tisne  and  followed  up 
to  six  leagues  above  Grand  River,  at  the  peril 
of  his  life  among  hostile  Indians,  who  attempted 
in  vain  to  bar  his  passage. 

In  this  southwestern  section  of  the  Valley 
French  intrusion  was  resented  by  the  Spaniards. 
Their  claim  to  Texas  rested  on  the  exploration 
of  its  rivers  by  Francisco  de  Urdinola  in  1575, 
and  an  expedition  led  across  its  borders  by 
Hernando  del  Bisque  in  1675.  Farther  west 
their  control  was  assured  by  the  work  of  mis- 
sionaries. Father  Kino,  a  Jesuit,  had  entered 
Arizona  as  early  as  1658  and  by  1679  had  es- 
tablished five  missions  and  become  well  ac- 
quainted with  the  country.  On  one  of  his  expe- 
ditions he  reached  the  mouth  of  the  Colorado 
and  discovered  that  Lower  California  was  a 
peninsula,  not  an  island,  as  was  supposed. 

With  the  expulsion  of  the  Jesuits  in  1767 
the  missions  passed  into  the  hands  of  the  Fran- 
ciscans, who  inaugurated  the  era  of  Spanish 
exploration  and  settlement  in  California  by  a 
colony  at  San  Diego  in  1769.  Years  before 
pioneers  from  the  East  broke  through  the  moun- 
tains and  seized  upon  the  country,  these  mission- 
aries had  permeated  it  and  stamped  their  In- 
fluence upon  it 

Meanwhile  the  French  at  the  north  were 
every  year  sending  traders  and  explorers  into 
the  interior.  For  some  time  they  continued  to 
use  the  routes  followed  by  Marquette  through 
Green  Bay  and  by  La  Salle  up  the  Chicago, 
but  in  1716  they  opened  a  new  one  by  way  of 
the  Wabash  and  another  in  1720  by  way  of  the 
Miami.  A  dispute  over  boundaries  arose  be- 
tween the  English  and  the  French.  Governor 
Spotswood  of  Virginia  urged  upon  the  English 
the  necessity  of  colonizing  the  Ohio  Valley  and 
in  1716  -made  his  fantastic  ride  with  the 
■Knights  of  the  Golden  Horseshoe"  to  see  if  a 
way  through  the  mountains  could  be  found. 
He  crossed  the  Blue  Ridge  and  the  Shenandoah 
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Valley,  but  it  was  not  until  1732  that  the  first 
settler,  Joist  Hite,  entered  the  region. 

Other  efforts  were  being  made  to  cross  the 
mountains.  When  it  was  learned  that  the 
French  were  winning  the  allegiance  of  the 
Cherokees  from  the  English,  Sir  Alexander 
Cuming,  a  Scotchman,  set  out  in  1730  with  a 
party  from  Charleston  and  made  a  circuit  of 
500  miles  across  the  mountains,  bringing  back 
several  Indians  in  token  of  renewed  faith.  In 
1736  Col.  William  Mayo  and  a  party  of  sur- 
veyors followed  the  Potomac  to  its  springs  and 
discovered  a  portage  to  waters  flowing  into  the 
Monongahcla.  Another  route  was  opened  to  the 
Kanawha,  an  affluent  of  the  Ohio,  in  1744  by 
Col.  James  Wood,  a  well-known  frontiersman 
and  explorer.  Dr.  Thomas  W  alker  in  1748  led 
an  expedition  across  the  Virginia  mountains, 
named  Cumberland  Gap  and  River  and  made  a 
circuit  through  West  Virginia. 

As  the  country  became  better  known  public 
interest  awakened  and  in  1748  a  number  of 
Virginians  formed  themselves  into  the  'Ohio 
Company"  for  the  purpose  of  colonizing  the 
Ohio  Valley.  To  anticipate  them,  the  governor 
of  Montreal  dispatched  Bienville  de  Celeron 
down  the  Ohio  to  bury  at  the  mouths  of  its 
tributaries  plates  inscribed  with  the  declaration 
that  all  territory  drained  by  those  waters  be- 
longed to  France.  In  spite  of  this,  the  Ohio 
Company  sent  out  Walker  in  1730  to  survey 
lands  for  settlement.  He  explored  Kentucky 
and  built  the  first  house  in  the  region  now  com- 
prised in  that  State.  Christopher  Gist  was  also 
sent  to  explore  routes  to  the  north,  select  lands 
for  settlement  and  investigate  the  Indian  tribes. 
He  made  a  circuit  of  1,200  miles  north  to  the 
Scioto  and  Miami  and  then  south  of  the  Ohio, 
visiting  all  the  Ohio  tribes  and  returning  by 
way  of  the  Licking,  Kentucky  and  Roanoke 
rivers.  On  a  second  mission  in  1751,  he  discov- 
ered a  new  gap  from  the  Potomac  to  the 
Monongahcla  and  explored  the  Kanawha. 

The  next  year  Gist  acted  as  guide  to  George 
Washington  when  he  went  as  emissary  from  the 
governor  of  Virginia  to  the  French  fort  at  the 
head  of  the  Ohio  to  protest  against  the  French 
occupation  of  the  valley  His  mission  was  fruit- 
less, but  he  brought  back  a  map  of  his  route: 
up  the  Potomac  across  the  divide  and  along 
the  Monongahcla  and  Allcgcny  to  the  French 
fort  near  Lake  Fric. 

A  most  prominent  figure  in  English  explora- 
tion was  George  Croghan.  Sent  out  bv  Penn- 
sylvania in  1750  with  the  half-breed  Montour 
to  win  over  the  Indians  through  the  Ohio 
Valley  to  the  English,  he  went  far  and  wide, 
from  tribe  to  tribe,  attaining  an  influence  over 
the  Indians  which  was  of  invaluable  service  to 
the  English  during  the  French  and  Indian  War. 
When  peace  was  declared  he  was  delegated  to 
prepare  the  Indians  for  English  ordination. 
Starling  from  Pittsburgh,  he  followed  the  Ohio, 
Wabash  and  Maumee  to  Detroit  and  reported 
that  the  way  was  open  ;  whereupon  the  Fnglish 
troops,  under  Capt.  Thomas  Stirling,  advanced 
to  Fort  Chnrtres  and  took  possession  of  the 
country  east  of  rhc  Mississippi. 

And  now,  with  English  control  assured,  set- 
tlement spread  ranidlv  beyond  the  Appalachians 
Much  of  the  preliminary  exploration  was  made 
by  hunters,  trappers  and  traders  too  numerous 
to  mention,  were  thev  known.  North  of  the 
Ohio  the  country  was  first  settled  by  Moravian 
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missionaries.  Among  the  southern  pioneers, 
James  Smith  followed  the  Kentucky  and  Ten- 
nessee rivers  in  1766  and  John  Finlay  explored 
northern  Kentucky  in  1767;  but  most  prominent 
was  Daniel  Boone.  His  first  venture  was  made 
in  1769,  when  he  crossed  the  Cumberland  Gap 
with  James  Robertson  and  spent  two  years  ex- 
ploring eastern  Kentucky  and  Tennessee.  Sub- 
sequently these  two  men  took  a  prominent  part 
in  the  settlement  of  this  region. 

With  the  advent  of  the  American  Revolution 
exploration  received  a  check ;  but  the  expeditions 
of  troops  led  bv  George  Rodgers  Clark  into  the 
Ohio  Basin  1778-79  and  by  Gen.  John  Sullivan 
into  western  New  York  were  not  without  geo- 
graphical value.  And  in  the  Indian  wars  which 
followed  (1790-94)  the  American  expeditions 
under  Hannar.  Clark,  St.  Clair  and  Wayne 
added  to  knowledge  of  the  Ohio  Valley. 

During  the  17th  and  18th  centuries,  while  ex- 
ploration and  settlement  had  been  pushed  west- 
ward from  the  Atlantic  seaboard  over  halfway 
across  the  continent,  the  Pacific  coast  was  al- 
most unknown.  Balboa  had  discovered  the 
Pacific  at  the  Isthmus  of  Panama  in  1513  and 
Cortes  had  sent  several  expeditions  to  the  west 
coast  of  Mexico  (1522-24).  The  first  white 
man  to  reach  the  coast  of  California  was  the 
Spaniard  Juan  Cabrillo,  who  in  1542  traced  it 
north  as  far  as  Monterey;  and  after  his  death 
the  following  year  his  pilot  continued  to  Cape 
Mendocino.  In  1576  the  English  seaman  Drake 
reached  lat.  43'  in  his  coastal  exploration.  To 
the  north  the  coast  was  unknown  until  Vitus 
Bering  (1741),  commanding  a  Russian  expedi- 
tion, visited  it  in  lat.  60°.  His  voyage  was 
followed  by  a  swarm  of  Russian  fur-traders, 
who,  following  the  chain  of  Aleutian  Islands 
during  the  latter  part  of  the  18th  century,  grad- 
ually worked  their  way  eastward  and  event- 
ually reached  the  mainland  of  what  is  now 
Alaska 

In  1778  came  Capt.  James  Cook,  the  famous 
English  navigator,  surveying  the  coast  from 
Vancouver  Island  to  the  Arctic  Ocean  in  his 
search  for  a  northeast  passage.  When  the  pub- 
lished account  of  this  voyage  called  attention  to 
the  rich  fur-trade  in  the  northwest,  Americans 
were  among  the  first  to  take  advantage  of  it. 
In  1789  Capt.  Robert  Gray,  of  Boston,  in  the 
ship  Columbia,  cruised  around  the  Horn  and 
visited  the  northwest  coast,  carried  a  cargo  of 
furs  to  China  and  returned  to  Boston  by  way 
of  the  Cape  of  Good  Hope.  Thus  was  the 
American  flag  first  carried  around  the  world. 
On  a  second  voyage  in  1792  he  discovered  and 
explored  the  lower  reaches  of  the  Columbia 
River.  This  all-important  achievement,  besides 
disclosing  an  easy  route  from  the  western 
mountains  to  the  sea  —  thus  paving  the  way  for 
transcontinental  exploration  —  formed  the  chief 
br>sis  of  our  territorial  claim  to  Oregon.  When 
George  Vancouver,  who  was  exploring  the  west 
coast  with  two  British  vessels  (1792),  learned 
of  the  Columbia  River  through  Gray,  he  sent 
a  boat  expedition  to  investigate  it.  Afterward 
he  continued  northward  to  extend  Cook's  ex- 
plorations on  the  coast  of  Alaska  and  British 
Columbia 

As  yet  none  had  succeeded  in  finding  an 
overland  route  to  the  Pacific  north  of  Mexico. 
Cabeza  de  Vara,  in  bis  transcontinental  wander- 
ings, had  turned  to  the  south  when  he  reached 
the  mountains.    A  Canadian,  Varenncs  dc  la 
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Vercndrye,  spent  many  years  (1731—49)  in  the 
search  for  a  route;  at  his  own  expense,  for  his 
government  refused  to  back  him.  With  his 
sons  he  made  extensive  explorations  west  of 
Hudson  Bay,  in  the  course  of  which  he  dis- 
covered (1731)  the  Red  River  and  Lake  Win- 
nipeg, and  his  son  Pierre  penetrated  to  the  forks 
of  the  Saskatchewan  River  (1739).  In  1742 
the  two  sons  made  a  perilous  journey  to  the 
southwest,  across  the  Missouri  and  on  to  the 
Big  Horn  Mountains. 

In  the  struggle  lor  the  Ohio  Valley  the  west- 
ern route  was  torgotten  for  a  time.  But  when 
that  contest  was  settled  the  quest  was  renewed 
by  Jonathan  Carver  of  Connecticut.  In  1766  he 
made  his  way  westward  by  canoe  through  the 
Great  Lakes  and  by  Marquette's  route  to  the 
Mississippi,  which  he  ascended  to  the  Falls  of 
Saint  Anthony.  He  explored  the  Minnesota 
River,  spent  a  winter  among  the  Sioux  and  in 
1767  returned  by  ascending  the  Chippewa  River 
and  reaching  Lake  Superior  waters  by  portage. 
While  his  journey  added  little  to  geographical 
knowledge,  yet  it  served  to  awaken  interest  and 
led  Richard  Whitworth  to  join  Carver  in  plan- 
ning a  transcontinental  expedition,  which  was 
unfortunately  prevented  by  the  outbreak  of  the 
Revolution. 

Meanwhile  the  English  fur-trading  compa- 
nies, through  the  journeys  of  their  agents,  had 
contributed  much  to  geographical  knowledge, 
not  only  of  Canada  but  of  the  United  States. 
The  Hudson  Bay  Company,  since  it  obtained  its 
charter  in  1670  and  established  its  first  post 
(Fort  Rupert)  on  the  great  bay  from  which  it 
took  its  name,  had,  in  spite  of  French  interfer- 
ence, extended  along  the  shores  of  the  bay  and 
its  tributaries.  After  the  English  conquest  of 
Canada  in  1763  it  had  a  clear  field  until  the  ap- 
pearance in  1783  of  a  rival  "Northwestern 
Company,"  made  up  of  Canadian  merchants, 
which  operated  by  the  direct  route  from  Mon 
treal  to  the  Great  Lakes  and  rapidly  pushed  its 
control  throughout  the  north  and  west.  Its 
influence  was  extended  to  the  west  coast  by 
Alexander  Mackenzie  in  a  journey  (1792-93) 
from  Lake  Athabasca  up  the  Peace  River  and 
across  the  Rocky  Mountains,  the  head  waters 
of  the  Frascr  River  and  the  Coast  Range  to  the 
coast  of  British  Columbia  in  the  latitude  of 
Queen  Charlotte  Sound.  This  was  the  first  time 
the  continent  was  crossed  north  of  Mexico. 

Thomas  Jefferson  in  1803  induced  Congress 
to  make  an  appropriation  for  the  expenses  of  a 
transcontinental  exploring  expedition,  a  project 
that  he  had  entertained  for  some  20  years. 
Nominally,  Capt.  Meriwether  Lewis  was  leader 
of  the  party,  with  Lieut,  (generally  known  as 
Capt.)  William  Clark  second  in  command;  but 
in  point  of  fact  all  action  was  taken  jointly  and 
the  expedition  is  always  known  as  that  of  Lewis 
and  Clark.  While  preparations  were  under  way 
the  purchase  of  the  territory  of  Louisiana  from 
France  gave  additional  importance  to  the  enter- 
prise. Lewis  and  Clark,  with  43  men,  left  Saint 
Louis,  then  a  frontier  trading-post,  in  three 
large  boats,  pushed  their  way  up  the  Missouri 
and  built  a  fort  at  the  Mandan  Village,  about  SO 
miles  above  the  present  town  of  Bismarck,  N.  D. 
From  this  point  some  of  the  party  were  sent 
back  and  in  the  spring  of  1805  the  rest  con- 
tinued their  voyage  up  the  Missouri  with  32  men. 
At  the  falls  the  heavy  boats  were  left  and  canoes 
were  constructed  to  continue  the  ascent  of  the 
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river.  Near  the  head  of  what  they  named  the 
Jefferson  (the  western  fork  of  the  Missouri) 
they  cached  their  canoes  and  with  horses  secured 
from  the  Indians  crossed  the  Rocky  Mountains 
to  the  Columbia,  which  they  descended  to  the 
mouth,  reaching  the  Pacific  in  November  1805. 
After  wintering  here  the  party  retraced  their 
steps  to  the  east  side  of  the  Rocky  Mountains 
and  there  separated ;  Lewis  following  the  Mis- 
souri while  Clark  traced  the  course  of  the  Yel- 
lowstone. At  the  junction  the  reunited  forces 
continued  their  rapid  down-stream  journey, 
reaching  Saint  Lewis  in  September  1806.  This 
was  not  only  the  most  notable  exploration  ever 
undertaken  by  the  United  States  government, 
but  its  complete  success  led  to  the  many  others 
which  have  followed  up  to  the  present  day. 

The  head  waters  of  the  Mississippi  were  ex- 
plored by  Lieut.  Zebulon  Montgomery  Pike, 
who  ascended^  the  river  with  a  party  of  20 
soldiers  in  1805.  He  reached  Leach  Lake  drain- 
age system  and  found  the  region  already  occu- 
pied by  the  agents  of  the  Northwestern  Com- 
pany. Upon  his  return  in  1806  Pike  set  out 
again  with  23  men,  with  the  idea  of  winning 
the  allegiance  of  the  Indians  from  the  Span- 
iards and  establishing  an  American  claim  to  the 
region  which  had  long  been  in  dispute  between 
the  French  and  Spaniards.  He  ascended  the 
Osage  River  in  boats  and  crossed  overland  with 
horses  to  the  Pawnee  villages,  where  he  took 
up  the  trail  of  the  Spaniard  Malgarcs,  who  in 
the  previous  year  had  made  an  excursion  into 
this  region  from  Mexico  at  the  head  of  several 
hundred  troops.  At  the  Arkansas  Pike  detailed 
Lieut.  James  Wilkinson  to  explore  that  stream 
to  the  Mississippi  and  continued  west  with  the 
larger  section  of  the  party,  arriving  in  Novem- 
ber at  that  high  peak  of  the  Rockies  which  now 
bears  his  name.  During  the  winter,  after  ter- 
rible suffering  from  cold  and  hunger,  he  reached 
the  Rio  Grande.  The  Spanish  authorities  sent 
out  a  large  force  to  capture  the  little  band  of 
explorers  and  they  were  conducted  back  through 
what  is  now  known  as  Texas. 

The  roving  fur-traders  were  quick  to  pene- 
trate the  regions  pioneered  by  Lewis  and  Clark 
and  Pike.  During  the  years  1806-09  they  ex- 
tended their  excursions  well  into  the  Rocky 
Mountains  from  the  east.  In  Canada  the  North- 
western Company,  ever  active,  pushed  its  out- 
posts westward;  and  in  1808  one  of  its  agents, 
Simon  Fraser,  reached  the  Pacific  at  the  mouth 
of  the  Fraser  River. 

In  1810  John  Jacob  Astor,  a  New  York  fur- 
trader,  organized  a  company  for  the  purpose  of 
exploiting  the  trade  on  the  Pacific  slope.  A 
vessel  was  dispatched  to  the  mouth  of  the 
Columbia  River  to  establish  a  post  and  an  ex- 
pedition sent  overland  to  follow  the  Lewis  and 
Clark  route.  This  was  the  second  party  to  cross 
the  United  States  to  the  Pacific.  Numbering 
three  boats  and  60  men  under  the  leadership 
of  one  of  the  partners,  Wilson  Price  Hunt,  it 
left  Saint  Louis  in  the  late  summer  of  1810 
and  pushed  its  way  up  the  Missouri  about  450 
miles.  Here  the  party  wintered  and  in  the 
spring  continued  by  boat  to  the  bitr  bend  of  the 
Missouri;  then  with  horses  purchased  from  the 
Sioux  proceeded  overland  in  a  southwesterly 
direction,  crossed  the  Rockies  near  the  head  of 
the  Big  Horn  River  and  followed  the  Snake 
River  Valley  to  the  Columbia  With  only  a 
fraction  of  his  large  party  and  alter  the  mo^t 
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terrible  suffering,  Hunt  reached  the  mouth  of 
the  Columbia  in  February  1812,  and  found  As- 
toria, the  post  established  by  the  party  sent  by 
The  American  company  was  only  just  in 
time;  the  previous  year  David  Thompson  of  the 
Northwestern  Company  had  portaged  across  the 
Rockies  from  the  Saskatchewan  to  the  head 
waters  of  the  Columbia  and  followed  it  to  the 
Pacific,  where,  much  to  his  disgust,  he  found 
the  Americans  already  in  possession. 

In  1812  David  Stuart,  with  a  small  parly, 
started  eastward  from  Astoria  to  make  the  diffi- 
cult and  hazardous  journey  to  Saint  Louis. 
He  chose  a  route  to  the  head  waters  of  the 
Snake,  across  the  divide  to  the  Green  River, 
a  tributary  of  the  Colorado,  and  across  a  second 
divide  to  the  Platte,  which  he  followed  to  its 
junction  with  the  Missouri  and  continued  down 
stream  to  Saint  Louis,  arriving  in  April  1813, 
after  a  journey  full  of  peril  and  hardship. 

In  1814  Astoria  passed  into  the  hands  of  the 
Northwestern  Company,  which  expended  its 
trade  over  the  entire  Columbia  River  basin  and 
established  posts  at  various  points.  The  eastern 
slope  of  the  Rockies  was  occupied  by  American 
traders,  with  headquarters  at  Saint  Louis  and 
posts  on  the  upper  Missouri  in  the  Green  River 
Valley. 

The  government  began  to  realize  the  im- 
portance of  exploration.  In  the  hope  of  discov- 
ering the  sources  of  the  Red  River,  a  large  ex- 
pedition under  Maj.  Stephen  H.  Long  left  Pitts- 
burgh on  a  small  steamer  in  April  1819,  wintered 
on  the  lower  Missouri  and  during  the  following 
year  made  explorations  and  surveys  in  the 
country  °  now  included  in  Arkansas  and  Mis- 
souri. Long  was  sent  again  in  1828  to  explore 
the  head  waters  of  the  Mississippi,  which  he 
approached  through  the  wilderness  from  the 
Miami  River  to  Lake  Michigan,  thence  to  the 
junction  of  the  Wisconsin  and  Mississippi  and 
on  to  the  Minnesota;  a  difficult  route,  but  lying 
in  a  region  which  had  been  explored  by  French 
pioneers  more  than  a  century  before. 

Still  the  source  of  the  Mississippi  had  not 
been  discovered.  The  head  water  region,  pre- 
viously visited  by  Pike  and  long  the  stamping- 
ground  of  the  fur-trader,  had  been  again  ex- 
plored in  1820  by  Gen.  Lewis  Cass,  governor 
of  Michigan,  in  company  with  Henry  R.  School- 
craft. It  was  not  until  1832  that  the  source  was 
finally  discovered  in  Lake  Itasca  by  Schoolcraft 
and  Lieut.  J.  Allen. 

Cant.  B.  L.  F..  Bonneville,  an  officer  of 
the  United  States  army,  in  1832  organized 
a  party  of  trappers  and  hunters  for  the 
ostensible  purpose  of  taking  part  in  the 
fur-trade,  but  more  to  gratify  his  own 
ambition  to  explore  the  Far  West.  He  left 
Fort  Osage  on  the  Missouri  with  110  men, 
transporting  his  supplies  by  means  of  wagons, 
instead  of  using  pack-animals,  as  all  previous 
parties  had  done.  Following  Stuart's  route  of 
20  years  before  along  the  valley  of  the  Platte 
River,  he  crossed  the  mountains  with  his  wagon- 
train  and  established  a  post  at  the  head  of  the 
Green  River.  From  this  point  as  rendezvous 
his  party  scattered  out  in  various  directions, 
he  himself  exploring  the  Big  Horn  and  Wind 
River  mountains  and  extending  one  journey  to 
the  English  trading-post  on  the  Columbia.  A 
party  sent  out  by  him  visited  Salt  Lake  and  con- 
tinued through  to  the  Spanish  settlement  of 
Monterey  on  the  Pacific, 


IN  AMERICA 

During  the  years  1833—35  the  Rev.  Samuel 
Parker,  a  zealous  missionary,  made  several  haz- 
ardous journeys  from  the  Mississippi  waters  to 
those  of  the  Columb'a.  At  this  time  the  Hud- 
son Bay  Company,  which  had  absorbed  its  rival, 
the  Northwestern  Company,  controlled  the  en- 
tire Columbia  River  basin  and  claimed  it  for 
England,  in  spite  of  the  protest  of  the  few 
American  settlers.  In  1842  it  came  to  the 
knowledge  of  the  Americans  that  the  English 
were  making  preparations  to  colonize  the  region 
and  it  was  necessary  that  the  authorities  at 
Washington  should  be  informed  at  once.  For 
this  purpose  Dr.  Marcus  Whitman  and  A.  L. 
Lovejoy  set  out  in  the  dead  of  winter  on  a 
journey  of  4,000  miles  across  the  continent.  They 
took  a  southerly  route  through  New  Mexico  to 
the  Arkansas,  and  Whitman  reached  Washing- 
ton. 

In  1841  Lieut.  R.  E.  Johnson  of  the  United 
States  Exploring  Expedition,  commanded  by 
Charles  VVilkes,  U.  S.  N.,  crossed  the  Cascade 
Mountains  near  Mount  Rainier  and,  after  mak- 
ing an  extended  journey  in  the  Columbia  River 
Valley,  recrossed  the  Cascades  to  the  coast.  A 
detachment  ascended  the  Willamette  and 
crossed  to  the  Sacramento  Valley,  which  they 
followed  to  San  Francisco. 

With  the  exception  of  the  Lewis  and  Clark 
expedition,  the  most  important  exploration  of 
the  century  was  done  by  Lieut.  John  C.  Fremont, 
who  had  gained  his  first  experience  while  assist- 
ing J.  N.  Nicollet,  a  French  geodesist,  employed 
by  the  United  States  government  1836-40,  for 
making  surveys  in  the  upper  Mississippi  Basin. 
In  1842  Fremont,  with  25  men,  among  whom 
was  the  famous  scout,  Kit  Carson,  made  sur- 
veys of  a  region  lying  between  the  Missouri 
River  and  the  Rocky  Mountains  along  the  vallevs 
of  the  Kansas  and  Great  Platte  rivers.  In  1843 
he  was  instructed  to  carry  his  surveys  to  the 
Pacific  Coast.  With  a  party  of  40  men  he  made 
his  way  westward  from  the  junction  of  the 
Kansas  and  Missouri  rivers  to  the  head  waters 
of  the  North  Platte,  crossed  to  Green  River, 
and  traversing  a  region  long  known  through 
the  explorations  of  Bonneville  and  others, 
crossed  another  divide  and  descended  Bear 
River  to  Salt  Lake,  which  he  explored.  From 
there  he  went  westward  to  the  Snake  River, 
and  on  to  the  mouth  of  the  Columbia.  After 
renewing  the  supply  of  provisions,  Frfanont 
retraced  his  steps  to  the  Dalles  of  the  Columbia, 
then  turned  southward  to  Klamath  Lake,  and 
made  a  hazardous  journey  through  the  Sierras 
which  brought  him  into  California  along  the 
valley  of  the  American  River,  an  eastern  branch 
of  the  Sacramento.  Traveling  southward,  he 
once  more  crossed  the  Sierras  in  lat.  35", 
and  returned  to  Saint.  Louis  across  the  Great 
Basin  region  and  the  Rockies.  On  his  third 
journey  Fremont  crossed  the  Rockies  from 
the  head  of  the  Arkansas  to  the  Green  River 
Valley,  then  continued  westward  around  the 
southern  end  of  Salt  Lake  across  the  Sierras, 
near  where  he  previously  traversed  them  and 
then  turned  northward  along  the  Sacramento 
Valley  and  across  the  mountains  to  Klamath 
Lnke.  Here  he  was  impelled  to  turn  back  hv 
the  news  of  the  uprising  in  California,  and 
converted  his  exploring  party  into  a  military 
expedition. 

The  southwest  became  better  known  through 
military  operations  during  the  Mexican  War, 


Digitized  by  Google 


EXPLOSION  — EXPLOSIVE  GELATINE 


861 


and  after  its  close  many  expeditions  were  sent 
out  by  the  government,  under  both  military  and 
civilian  leadership,  most  of  them,  however,  in 
regions  already  explored. 

Public  interest  in  the  construction  of  a  trans- 
continental railway  led  to  five  extensive  expedi- 
tions during  the  years  1852-57 :  the  first  explor- 
ing along  the  32d  parallel ;  the  second  near  the 
35th;  the  third  near  the  38th  and  39th;  the 
fourth  near  the  41st  and  42d;  and  the  fifth  near 
the  47th  and  49th.  Various  military  explora- 
tions and  surveys  were  carried  on  west  of  the 
Mississippi  up  to  the  outbreak  of  the  Civil  War. 

In  1869  Maj.  J.  W.  Powell  made  a  daring 
exploration  of  the  Grand  Canon  of  the  Colo- 
rado. With  only  a  few  men,  in  small  boats,  he 
followed  the  Green  and  Colorado  rivers  from 
Green  River  Station  to  the  mouth  of  the  Virgin 
River.  In  the  next  two  years  he  extended  this 
exploration  in  the  Colorado  basin  under  gov- 
ernment auspices. 

The  Pacific  Railroad  surveys  practically  com- 

fleted  the  purely  exploratory  work  of  the 
United  States;  subsequent  investigation  was 
directed  to  minor  details.  During  the  years 
1867-79  this  work  was  carried  on  by  various 
organizations  which  were  created  for  both 
geographic  and  geologic  research.  Four  of 
them  were  of  special  note :  "The  Geological 
Exploration  of  the  40th  Parallel,*  under  Clar- 
ence King  (King  Survey) ;  "United  States 
Geographical  and  Geological  Survey  West  of 
the  100th  Meridian,*  under  Capt.  Geo.  M. 
Wheeler.  U.  S.  A.  (Wheeler  Survey)  ;  "United 
States  Geological  and  Geographical  Survey  of 
Territories*  under  F.  V.  Hayden  (Hayden 
Survey);  "Geological  and  Geographical  Survey 
of  the  Rocky  Mountain  Region*  under  J.  W. 
Powell.  In  1879  the  United  States  Geological 
Survey  was  created  for  this  purpose  and  the 
other  organizations  discontinued.  The  acqui- 
sition of  Alaska  in  1867  gave  American  ex- 
plorers a  new  field  See  Alaskan  Explora- 
tions. 

EXPLOSION,  a  sudden  bursting,  generally 
due  to  the  rapid  production  of  gaseous  matter 
from  solids  or  liquids.  Thus  the  explosion  of 
gunpowder  is  due  to  the  sudden  formation  and 
expansion  of  gases  into  which  the  powder  is 
converted  by  chemical  agency.  Explosions  arc 
often  caused  by  the  elastic  force  of  steam  con- 
fined in  boilers,  and  by  spontaneous  combustion. 
See  Explosives. 

EXPLOSION  CRATERS.  Although 
many  of  the  great  craters  on  volcanic  peaks 
are  due  to  explosion,  the  name  is  applied  to 
holes  not  connected  with  lava  outflows.  Most 
of  these  holes  are  in  plains  and  they  are  rimmed 
by  a  ridge  of  fragmcntal  materials  evidently 
blown  out  of  the  hole  by  an  explosion.  Craters 
of  this  class  are  the  "maars"  of  the  Rhine 
Valley,  the  craters  of  Eiffel,  Auverne,  Montcc- 
chio,  Albani,  Nemi,  Astromi  and  Faifa  in  south- 
ern Europe,  of  Nassibe  in  Madagascar  and 
Lonar,  India.  The  latter,  as  described  by  Dr. 
Blandford,  is  a  hole  about  a  mile  in  diameter, 
300  to  400  feet  deep,  in  a  great  plain  of  old 
lava,  similar  to  the  rocks  on  the  sides  of  the 
hole.  The  latter  are  bent  up  slightly.  There 
are  several  notable  explosion  craters  in  Mexico, 
on  the  plateau  near  Orizaba  Peak  in  Puebla  and 
in  Vallc  Santiago  at  Xico,  Tacambaro.  and  on 
the  northern  part  of  Sonora.  The  Afton  craters 


in  New  Mexico,  31  miles  northwest  of  El  Paso, 
the  crater  of  Zuni  Salt  Lake,  New  Mexico, 
and  the  wonderful  Crater  Mound  in  east-central 
Arizona  are  also  believed  by  some  geologists 
to  have  been  caused  by  the  explosion  of  vol- 
canic steam.  As  to  the  competency  of  this 
agent  to  cause  a  crater  there  are  some  notable 
illustrations  in  historic  time,  notably  the  great 
Bandai  Sai  eruption  in  Japan  in  1888  which 
made  a  vast  crater  on  a  mountain  where  there 
had  been  no  volcanic  activity  for  many  cen- 
turies. It  was  not  attended  by  lava  flow.  The 
eruption  of  Krakatoa  in  1883  is  another  im- 
pressive instance.  Consult  Darton,  N.  H., 
'Explosion  Craters*  (Science  Monthly,  Novem- 
ber 1916). 

N.  H.  Darton. 

EXPLOSION  ENGINE.  See  Internal 
Combustion  Engine. 

EXPLOSIVE  GELATINE,  blasting  gela- 
tine or  gum  dynamite,  an  explosive  material 
resembling  wine  jelly  in  appearance.  It  was 
invented  by  Nobel  in  1878,  and  consists  of 
soluble  cellulose  nitrate  dissolved  in  nitrogly- 
cerin. Originally,  the  solution  was  effected  by 
warming  the  nitroglycerin  and  adding  the  per- 
fectly dry  soluble  cellulose  nitrate,  called  nitro- 
cotton,  little  by  little,  with  stirring,  whereby 
the  nitroglycerin  was  made  to  dissolve  from 
4  to  10  per  cent  of  the  nitro-cotton :  Then  the 
solution  was  effected  by  the  aid  of  a  solvent 
like  acetone,  which  was  afterward  evaporated 
off.  All  of  these  processes  of  manufacture  were 
dangerous.  In  1889,  Lundholm  and  Saycr  dis- 
covered that  if  the  nitroglycerin  and  nitro-cot- 
ton arc  mixed  with  warm  water  and  stirred  up 
by  compressed  air,  gelatinization  sets  in,  and 
may  be  completed  by  pressing  out  the  water 
and  working  the  mass  in  malaxating  machines. 
Explosive  gelatine  is  a  gelatinous  mass,  looking 
something  like  new  honey  in  color,  and  vary- 
ing in  consistency  from  a  tough  leather-like 
material  to  a  soft  jelly,  in  accordance  with  a 
variety  of  circumstances,  such  as  the  quantity 
and  chemical  composition  of  the  nitro-cotton 
used,  and  the  methods  of  manufacture.  In 
general,  the  thinner  the  gelatine,  the  more  sen- 
sitive it  is  to  detonation;  but,  on  the  other 
hand,  a  thin  gelatine  is  subject  to  liquefaction 
and  possibly  also  to  exudation,  which  would 
make  it  dangerous  in  storage,  transportation 
and  use.  Specially  strong  detonators  arc  re- 
quired to  explode  blasting  gelatine;  or  ordinary 
detonators  may  be  used  with  primers  of  dyna- 
mite or  gunpowder:  In  order  that  detonation 
should  be  transmitted  through  a  mass  of  ex- 
plosive gelatine  it  must  be  confined;  for,  un- 
like dynamite,  a  train  of  it  cannot  be  exploded 
in  the  open,  except  by  means  of  an  extremely 
powerful  initial  detonation.  The  sensitiveness 
of  the  material  is  still  further  diminished  by 
the  solution  in  it  of  camphor,  or  other  sub- 
stances rich  in  carbon  and  hydrogen,  like  ben- 
zine or  nitro-benzine.  While  dynamite  and 
nitroglycerin  are  much  less  liable  to  be  ex- 
ploded by  a  blow  when  frozen,  the  reverse  is 
true  of  frozen  explosive  gelatine.  Though 
while  in  the  unfrozen  condition  explosive  gela- 
tine is  less  sensitive  to  shock  or  blows  than 
either  nitroglycerin  or  nitrocellulose,  it  is,  when 
exploded,  a  more  powerful  explosive  than  either 
of  them  This  is  due  to  the  fact  that  when 
nitroglycerin  is  detonated,  there  are  unused  oxi- 
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dizing  materials  in  the  gaseous  products;  and 
when  cellulose  nitrate  is  detonated,  there  arc 
unused  combustible  materials  in  the  products. 
When,  therefore,  these  bodies  are  mixed  in  the 
right  proportions,  the  products  will  be  those 
or  complete  combustion.  Explosive  gelatine  has 
the  advantage  over  dynamite  in  that  it  is  prac- 
tically unaffected  by  water  and  therefore  can 
be  stored  in  water.  It  is,  on  the  whole,  less 
liable  to  freeze  than  dynamite.  It  possesses  an 
advantage  over  guncotton  in  being  plastic  and 
can,  therefore,  better  adapt  itself  to  the  irregu- 
larities of  the  bore-holes  in  loading.  The  spe- 
cific gravity  of  explosive  gelatine  is  from  1.5  to 
1.6.  If  heated  slowlv.  beginning  at  60°  C,  it 
will  explode  at  204°  C  (399.2°  F).  On  rapid 
heating  it  explodes  at  240°  C.  (464°  F).  If 
ignited  when  frozen  even  small  quantities  may 
explode.  Pure  explosive  gelatine  is  used  for 
blasting  in  unusually  tough  rock  or  for  blasting 
under  water,  or  for  military  purposes.    It  is 

f)Ut  up  in  cylindrical  "sticks"  in  paper  wrappers 
ike  dynamite.  For  general  use  in  blasting  it 
is  too  violent,  and  therefore  "gelatine  dynamites* 
arc  made  by  mixing  this  costly  and  powerful 
material  with  diluents.  A  great  many  different 
dopes  arc  used,  but  a  good  example  of  a  gela- 
tine dynamite  is  "gelignite,"  which  is  made  by 
mixing  65  per  cent  of  explosive  gelatine  with 
35  per  cent  of  an  explosive  wood-pulp  dope, 
giving  a  substance  consisting  of  nitroglycerin 
62.5  per  cent,  nitro-cotton  2.5  per  cent,  sodium 
nitrate  26.25  per  cent,  wood  pulp  8.4  per  cent, 
and  sodium  carbonate  0.35  per  cent.  "Forcite" 
is  a  similar  modification  of  explosive  gelatine 
containing  50  per  cent  of  wood  pulp. 

EXPLOSIVES  (from  Lat.  explosus,  p.p. 
of  explodcrc,  to  drive  out,  to  drive  out  a  player 
with  clapping,  to  explode;  from  ex,  out  + 
plaudcrc,  plodere,  to  clap,  strike,  applaud),  arc 
substances  which  easily  react  at  comparatively 
low  temperatures  with  the  formation  of  a  con- 
siderable volume  of  highly  expanded  gas,  the 
evolution  of  heat  and  light  and  the  production 
of  sound.  At  ordinary  temperatures  they  may 
be  solid  bodies  like  gunpowder  or  liquid  like 
nitroglycerin  or  gaseous  like  fire  damp  mix- 
tures. They  may  consist  wholly  of  a  single 
chemical  compound  like  mercuric  fulminate,  or 
of  mixtures  of  combustible  substances  with  sup- 
porters of  combustion  or  oxidizing  agents  like 
blasting  powder,  which  is  a  mixture  of  char- 
coal, sulphur  and  sodium  nitrate.  Though  the 
temperature  is  different  for  each  explosive  they 
can  all  be  caused  to  explode  if  heated  to  the 
explosion  temperature,  which  under  given  cir- 
cumstances are  for  nitrogen  chloride,  93°  C. ; 
mercuric  fulminate,  152"  C. ;  cmmcnsite.  165° 
C. ;  nitrostarch,  175°  C. ;  dynamite  and  gun- 
cotton,  each  180°  C. ;  and  blasting  gelatine, 
204°  C. ;_  nitroglycerin.  218°  C. ;  blasting 
powder,  270°  C. ;  picric  powder,  273°  C. ;  rifle 
powder,  275°  C. :  best  sporting  powder,  315°  C. 

History. —  The  inventor  of  gunpowder,  the 
oldest  of  explosives,  and  the  place  where  it 
originated,  are  not  known.  The  invention  has 
been  ascribed  by  different  authors  to  Marcus 
Gnccus,  Albertus  Magnus,  Roger  Bacon  and 
Bcrthold  Schwarz ;  to  the  Arabians,  whose 
works  were  largely  used  by  Marcus  Graecus  in 
his  writings;  to  the  Hindus,  because  of  cer- 
tain passages  occurring  in  the  code  of  Gentoo 
laws  prepared  by  Indian  savants  by  order  of 


Warren  Hastings  in  the  18th  century;  and  to 
the  Chinese  because  of  certain  statements  made 
by  Marco  Polo.  There  seems  to  be  little  doubt 
that  this  confusion  exists  (1)  because  modern 
meanings  have  been  given  to  words  and  phrases 
used  in  the  old  manuscripts;  (2)  because  of  the 
intentionally  confusing  methods  employed  by 
the  writers  of  the  Middle  Ages;  and  (3)  be- 
cause gunpowder  for  use  in  guns  was  not  the 
invention  of  any  one  person,  but  was  really 
the  result  of  a  progressive  development. 

It  is  recorded  that  what  moderns  call  "Greek 
fire,"  and  the  ancients  called  "naphtha,*  was 
employed  in  the  defense  of  Constantinople  in 
the  7th  century  and  that  these  fiery  composi- 
tions were  propelled  against  the  enemy  by  means 
of  arrows  from  bows,  or  in  hollow  vessels  of 
stone  or  iron  thrown  by  war  engines.  Though 
consisting  at  first  of  pitch,  rosin,  sulphur  and 
similar  easily  inflammable  and  highly  combusti- 
ble substances,  it  is  easy  to  imagine  that  in  the 
tentative  development  of  these  materials  of  war 
nitre  was  added  to  the  combustible  substances 
and  that  there  was  thus  produced  a  deflagrating 
composition  for  use  as  bursting  charges  in 
bombs  and  grenades  and  for  the  manufacture 
of  devices  analogous  to  modern  firecrackers 
and  rockets  with  which  to  frighten  and  confuse 
their  foes. 

The  supposition  that  gunpowder  was  known 
before  it  was  applied  for  use  in  guns  is  sup- 
ported by  the  older  historians.  All  the  com- 
ponents and  mixtures  for  Greek  fire  similar  to 
gunpowder  were  already  known  in  the  time  of 
Hassan-al-Rammah  ( 1290).  From  an  exhaustive 
search  of  the  literature  Guttmann  arrives  at  the 
conclusion  "that  gunpowder  was  gradually  de- 
veloped from  Greek  fire,  and  that  it  was  known 
for  years  before  cannons  and  guns  were  thought 
of.  The  use  of  purer  materials  in  making  it 
developed  its  propulsive  power,  and  led  to  the 
subsequent  invention  of  cannons  and  guns.  The 
Arabians  were  the  first  to  make  gunpowder-like 
mixtures,  probably  about  1280  a. a,  while  the 
idea  of  utilizing  their  propulsive  force,  that  is 
the  invention  of  guns  and  cannons,  belongs  to 
the  monk,  Bcrthold  Schwarz,  of  Freiburg,  Sax- 
ony; the  date  of  the  latter  invention  being  prob- 
ably 1313  a  d."  It  is  accepted  as  indisputable 
that  gunpowder  mills  existed  at  Augsburg,  Ger- 
many, 1340,  and  at  Spandau,  Germany,  1344, 
and  that  the  English  used  gunpowder  in  guns  at 
the  battle  of  Crecy,  1346. 

Though  many  improvements  were  made  in 
the  manufacture  of  gunpowder,  such  as  in  the 
preparation  and  purification  of  the  raw  materials 
from  which  it  was  produced ;  the  methods  of  in- 
corporation ;  and  its  granulation  to  adapt  it  to 
special  uses,  this  substance  remained  unrivaled 
until  the  end  of  the  18th  century,  when  the 
French  chemist  BerthoIIet  proposed  the  substi- 
tution of  potassium  chlorate  for  the  potassium 
nitrate  and  produced  by  this  means  a  much 
stronger  and  quicker  powder,  but  one  which  was 
also  much  more  dangerous  than  gunpowder. 
Beginning  with  the  discovery  of  mercuric  ful- 
minate by  Howard,  an  English  chemist,  1800, 
there  was  added  to  the  achievements  of  the  19th 
century  the  discovery  of  nitrogen  chloride  by 
the  French  chemist  Dulong,  1812;  nitrostarch  by 
Braconnot,  1832;  guncotton  by  Schoenbein 
of  Basel,  Switzerland,  1845;  nitroglycerin  by 
Sobrero  at  Turin,  Italv,  1846;  the  invention  of 
blasting  powder  by  L.  DuPont  of  Wilmington. 
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Del.,  1856;  the  discovery  of  diazo  compounds 
by  the  German  chemist,  Gricss,  1860;  the  in- 
vention of  dynamite  by  A.  Nobel  of  Sweden, 
1866;  smokeless  sporting  powder  by  Schultze 
of  Potsdam.  Germany,  1867;  blasting  gelatine 
by  Nobel,  1878;  military  smokeless  powder  by 
Vicille  of  France,  1886;  hard-grained  smokeless 
sporting  powder  by  Richard  von  Frecden  of 
Walsrodc,  Germany,  1889;  homogeneous  smoke- 
less powder  composed  of  a  single  chemical  sub- 
stance in  a  state  of  chemical  purity  by  Charles 
E.  Munroe  o  f  Newport.  R.  I.,  1890;  and  the 
discovery  of  triazoic  acid  by  Curtius  of  Kiel, 
Germany,  1890,  while  in  the  meantime  picric 
acid,  which  was  discovered  by  Woulfe  1771, 
was  shown  to  possess  explosive  properties  and 
adapted  for  use  in  shell,  it  having  been  pointed 
out  by  Sprcngcl,  1873,  that  it  contains  a  suffi- 
cient amount  of  available  oxygen  to  render  it, 
without  the  help  of  foreign  oxidizers,  a  power- 
ful explosive  when  fired  with  a  detonator. 

This  growth  has  been  coincident  with  the 
development  of  the  chemical  .and  physical  sci- 
ences and  has  been  the  more  rapid,  the  more 
completely  experimental  methods  of  research 
have  been  perfected  and  applied.  In  addition  to 
those  enumerated  above  this  advance  in  the  sci- 
ence and  art  of  explosives  has  been  chiefly  due 
to  the  labors  and  intelligence  of  Hess,  Lauer, 
Trauzl  and  von  Lenk  in  Austria ;  Abel,  Cundill, 
Debus,  Dewar,  Dixon,  Dupre,  Majendie  and 
Noble  in  England;  Berthelot,  Chalon,  Daniel, 
Dcsortiaux,  Gay-Lussac,  Lavoisier,  Le  Chatelicr, 
Mallard,  Maurouard,  Roux,  Sarrau,  Turpin  and 
Violette  in  France;  Bunscn,  Dittmar,  Gutt- 
mann,  Liebig,  Meyer,  Schischkoff,  Upmann, 
Will,  von  Forster  and  von  Romocki  in  Ger- 
many ;  Abbot.  Barnard,  Craig,  Emmcns,  Tudson, 
Hill,  Maxim,  Mixter,  Mowbray,  Quinan, 
Rodman,  Count  Rumford  and  Woodbndge  in 
the  United  States;  Mendeleeff  in  Russia;  Cron- 
quist  in  Sweden  and  Hcbler  and  Lunge  in 
Switzerland.  See  the  biographical  sketches  of 
Abel  and  Berthelot  who  were  especially  prom- 
inent in  this  science. 

Theory  of  Explosives. —  When  wood  or 
other  combustible  substances  containing  hydro- 
gen and  carbon  are  ignited  in  contact  with  air 
they  burn,  giving  forth  heat  and  light  and  are 
converted  into  water  and  carbon  dioxide,  which 
pass  off  as  invisible  and  highly  expanded  gases. 
As  the  wood  is  subdivided  so  as  to  expose  a 
continually  increased  surface  to  the  air  the 
rapidity  of  the  combustion  is  increased  until, 
when  the  wood  is  reduced  to  dust  like  saw- 
dust and  suspended  in  the  air  so  as  to  be  inti- 
mately mixed  with  it.  the  velocity  of  the  com- 
bustion is  so  great  and  the  evolution  of  the 
gases  so  rapid  that  the  reaction  becomes  an 
explosive  one  and  such  a  mixture  of  sawdust 
and  air  is  an  explosive.  All  inexplosive  com- 
bustible substances  can,  when  finely  divided  and 
intimately  mixed  with  air.  form  explosives  and 
volatile  liquids  and  gases  are  especially  likely  to 
do  so.  Many  accidents  have  arisen  from  the 
ignition  of  mixtures  of  air  with  the  dust  of  char- 
coal, coal,  flour,  malt,  soap,  starch,  sugar,  zinc, 
wood  and  other  solids;  with  the  vapors  of  alco- 
hol, ether,  gasoline  and  other  naphthas,  spirits  of 
turpentine  and  other  liquids,  or  gases  like  ethy- 
lene, coal  gas,  hydrogen  and  marsh  gas  since 
each  of  these  substances,  though  in  themselves 
non-explosive,  form  explosive  mixtures  with 
air  if  they  be  mixed  with  it  in  the  right  pro- 


portions. The  best  proportions  arc  those  in 
which  the  volume  of  oxygen  in  the  air  present 
is  just  sufficient  to  convert  all  of  the  hydrogen 
in  the  combustible  into  water  and  all  of  the 
carbon  into  carbon  dioxide,  or.  in  other  words, 
to  produce  complete  combustion.  Less  violent 
explosions  may  occur  when  the  proportion  of 
air  is  greater  or  less  than  the  "best  proportion," 
the  limit  being  fixed  in  each  case  by  the  char- 
acter of  the  combustible  substance,  the  quantity 
of  the  mixture,  the  temperature  and  pressure  to 
which  it  is  subjected  and  the  manner  in  which 
it  is  ignited.  Mixtures  of  these  substances 
whose  proportions  are  outside  of  these  limits 
may  be  ignited  and  may  bum,  but  do  not  ex- 
plode. 

H  pure  oxygen  in  the  proper  proportions  be 
substituted  for  air  in  the  above  mixture  the 
velocity  of  the  reactions  will  be  still  greater, 
and  the  energy  set  free  in  unit  of  time  and  con- 
sequently the  violence  of  the  explosion  will  be 
greatly  increased  Besides  the  proportions  that 
determine  the  limits  between  explosion  and 
combustion  will  be  extended.  Such  mixtures  if 
confined  and  out  of  contact  with  the  air  will  still 
take  fire  and  explode.  Oxygen  may  be  supplied 
either  in  the  free  state  or  in  solid  bodies  which 
contain  it  and  which  give  it  up  when  heated  to 
comparatively  low  temperatures.  Among  such 
solids  are  the  nitrates  of  metallic  radicles,  like 
ammonium  nitrate,  potassium  nitrate  (India 
saltpetre),  and  sodium  nitrate  (Chile  saltpetre)  ; 
chlorates  such  as  potassium  chlorate;  peroxides 
like  sodium  peroxide,  and  manv  others.  If 
these  solids  be  dried,  finely  divided,  and  inti- 
mately mixed  with  a  combustible,  in  the  right 
proportions,  a  solid  explosive  is  produced. 
Often,  as  in  the  case  of  mixtures  of  charcoal 
and  saltpetre  the  temperature  to  which  they 
must  be  heated  in  order  that  combustion  shall 
begin,  called  the  point  of  ignition,  is  so  high 
that  they  arc  difficult  to  ignite  and  in  such  cases 
a  small  portion  of  a  substance  like  sulphur, 
which  has  a  low  point  of  ignition,  is  incor- 
porated in  the  mixture. 

Another  method  by  which  oxygen  may  be 
brought  into  intimate  contact  with  combustible 
bodies  so  as  to  form  an  explosive  is  through 
the  action  of  nitric  acid  upon  them  by  which 
nitrogen  and  oxygen  combined  as  NO»  is  intro- 
duced into  the  molecule.  Three  cases  present 
themselves.  First,  when  the  combustible  body 
is  a  simple  or  mixed  primary  alcohol  and  the 
nitric  acid  reacts  with  the  acidic  hydrogen. 
Second,  when  the  combustible  substance  is  a 
hydrocarbon  or  its  derivative  and  the  nitric 
acid  reacts  with  the  hydrogen  of  the  hydrocar- 
bon or  the  hydrocarbon  nucleus.  Third,  when 
the  reaction  leads  to  the  union  in  the  hydro- 
carbon of  NOj  through  the  intervention  of  a 
nitrogen  atom.  The  products  of  the  first  case 
are  organic  nitrates  called  also  nitric  esters. 
The  products  of  the  second  case  are  nitro- 
substitution  compounds.  Those  of  the  third 
are  called  nitroamines.  Examples  of  the  first 
case  are  ethyl  nitrate  from  ethyl  or  grain 
alcohol,  glycol  nitrate  from  ethylene  glycol, 
glyceryl  nitrate  (nitroglycerin)  from  glycerol 
(glycerin),  mannitol  nitrate  from  mannitol 
(mannite),  starch  nitrate  (nitrostarch)  from 
starch,  and  cellulose  nitrates  (guncctton  and 
pyroxylin)  from  cotton.  Examples  of  the  sec- 
ond case  are  mono  and  di  nitro  benzene  from 
benzene,  tri  nitro  phenol  (picric  acid)  from 
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carbolic  acid  (phenol),  nitrotolucnes  from 
toluene,  and  nitro-naphthaleiies  from  naphtha- 
lene. An  example  of  the  third  is  ethyl.  These 
explosives  differ  markedly  from  mixtures  like 
gunpowder,  for,  whereas  in  the  mixtures  the 
combustible  substance  and  the  oxidizing 
agents  are  in  different  masses,  in  the 
explosive  compounds  like  nitroglycerin,  they 
are  both  in  the  same  molecule.  Therefore  in 
the  latter  the  contact  is  more  intimate  and  the 
reaction  takes  place  with  greater  velocity. 

In  addition  to  the  explosives  of  the  char- 
acters described  above  is  another  class  of 
chemical  compounds,  of  which  mercuric  fulmi- 
nate, silver  amine  (fulminating  silver),  acety- 
lene, the  azides  and  diazo  benzene  nitrate  are 
notable  examples,  whose  explosive  properties 
are  due  to  a  phenomenon  (namely,  a  molecular 
disruption),  which  is  quite  unlike  that  of  com- 
bustion ascribed  to  those  of  the  previous 
classes.  This  case  of  disruption  arises  from 
the  fact  that  these  substances  arc  endo- 
thermous  compounds,  or  in  other  words,  that 
they  absorb  heat  during  their  formation  and 
are  therefore  reservoirs  of  energy. 

Classification  of  Explosives.—  Following 
the  foregoing  theories  of  their  constitution  and 
behavior,  explosives  may  be  classed  as 

(1)  Nitrate  mixtures—  Amide  powder 
(charcoal,  potassium  nitrate,  and  ammonium 
nitrate)  ;  amidogene  (bran  or  starch,  charcoal, 
magnesium  sulphate,  potassium  nitrate  and  sul- 
phur) ;  ammonal  (metallic  aluminum  and  am- 
monium nitrate)  ;  azotinc  (petroleum,  charcoal, 
sodium  nitrate  and  sulphur)  ;  blasting  powder 
(charcoal,  sodium  nitrate  and  sulphur)  ;  car- 
bazotine  (lark  or  wood  pulp,  lampblack,  fer- 
rous sulphate,  potassium  nitrate  and  sulphur)  ; 
Courtcillc's  triumph  safety  powder  (charcoal, 
peat,  coal,  oleaginous  matters  [animal  or  vege- 
table], metallic  sulphates,  sodium  nitrate  and 
sulphur)  ;  diorrexine  (sawdust,  sodium  nitrate, 
potassium  nitrate  and  sulphur) ;  fractorite 
(rosin,  dextrine,  potassium  dichromatc,  am- 
monium nitrate)  ;  gunpowder  (charcoal,  potas- 
sium nitrate  and  sulphur)  ;  haloxvline  (char- 
coal, sawdust,  potassium  ferrocyanide  and 
potassium  nitrate) ;  Himly's  powder  (hydro- 
carbons and  potassium  nitrate)  ;  Nordcnfcldt 
and  Mcurling's  powder  (hydrocellulosc,  potas- 
sium nitrate  and  sulphur)  ;  pyrolithc  (charcoal, 
sawdust,  sodium  carbonate  or  sulphate,  potas- 
sium nitrate,  sodium  nitrate  and  sulphur)  ;  saxi- 
fragine  (charcoal,  barium  nitrate  and  sulphur)  ; 
schnciderite  (mononitronaphthalcnc  and  am- 
monium nitrate). 

(2)  Chlorate  mixtures. — A>phaline  (hydro- 
carbons, potassium  sulphate,  potassium  nitrate, 
potassium  chlorate)  :  Berthollct's  powder  (char- 
coal, potassium  chlorate  and  sulphur)  ;  bri- 
tainitc  (naphthalene,  potassium  nitrate,  am- 
monium nitrate,  potassium  chlorate) ;  Callow's 
powder  (orpimcnt,  potassium  ferrocyanidc  and 
potassium  chlorate) ;  carlsonites  (naphthalene, 
or  dinitrobenzene  and  other  comhustihle  sub- 
stances with  ammonium  pcrchloratc)  ;  cheddite, 
(nitro  body,  oil  and  potassium  chlorate)  ;  comet 
powder  (rosin  and  potassium  chlorate):  cycene 
(cane  sugar,  paraffin  oil  or  coal  dust,  potassium 
nitrate  and  potassium  chlorate)  ;  Ehrhardt's 
powder  (tannic  acid,  charcoal,  rosin,  potassium 
nitrate  and  potassium  chlorate)  ;  Harm's  pow- 
der (charcoal,  spermaceti,  antimony  sulphide 
and    potassium    chlorate)  ;    Himly  and  von 


Trutschler-Falkenstein's  powder  (coal  tar,  po- 
tassium nitrate  and  potassium  chlorate  )  ;  Hors- 
ley's  powder  (nutgalls  and  potassium  chlorate) ; 
Kcllow  and  Short's  safety  powder  (tanbark  or 
sawdust,  potassium  nitrate,  sodium  nitrate, 
potassium  chlorate  and  sulphur)  ;  Knafh's  pow- 
der (ammonium  ulmatc,  potassium  nitrate, 
potassium  chlorate  and  sulphur)  ;  Melland's 
paper  powder  (porous  paper  which  has  been 
soaked  in  a  paste  composed  of  starch,  char- 
coal, potassium  ferrocyanide,  potassium  chro- 
mate,  potassium  nitrate,  potassium  chlorate  and 
water  and  dried) ;  Oriental  powder  (gum 
gambicr  and  potassium  chlorate)  ;  Parone's  ex- 
plosive (carbon  disulphide  and  potassium 
chlorate) ;  Pertuisct's  powder  (sulphur  and 
potassium  chlorate);  pyrodialites  (m.xtures  of 
coal  tar  with  chlorates  or  perchlorates  and 
with  or  without  nitrates,  nitrosubstitution  com- 
pounds, charcoal  and  oxidizing  salts) ;  pyronome 
(rye  flour,  charcoal,  metallic  antimony,  sul- 
phur potassium  chromatc  and  potassium  chlo- 
rate) ;  rossellite .  (asphalt  oil  and  potassium 
chlorate)  ;  Siemen  s  powder  (a  solid  hydro- 
carbon, potassium  nitrate  and  potassium 
chlorate) ;  thorite  (cane  sugar  and  potassium 
chlorate)  ;  tutonite  (metallic  sulphides,  sulphur 
and  potassium  chlorate)  ;  and  white  powders  of 
Augendrc  and  Pohl  (cane  sugar,  potassium 
ferrocyanide  and  potassium  chlorate). 

(3)  Oxidizing  mixtures. —  These  are  mix- 
tures of  combustible  substances  with  oxidizers 
other  than  the  nitrates,  chlorates  or  per- 
chlorates. Among  such  bodies  may  be  named 
sodium  peroxide,  potassium  permanganate,  po- 
tassium dichromatc,  liquid  air  and  liquid  nitro- 
gen tetroxide.  As  examples  wc  have  mixtures 
of  sodium  thiosulphate  with  sodium  peroxide; 
metallic  aluminum  with  sodium  peroxide;  cot- 
ton wool  with  liquid  air,  and  panclastite,  which 
is  a  mixture  of  carbon  disulphide  with  liquid 
nitrogen  tetroxide. 

(4)  Organic  nitrates  or  nitric  esters  and 
mixtures  containing  them. —  Esters:  Guncotton, 
which  is  a  cellulose  nitrate  of  high  nitration 
and  practically  insoluble  in  a  mixture  of  ether 
and  alcohol  at  ordinary  temperatures;  nitro- 
cellulose, a  term  applied  to  all  cellulose  nitrates  ; 
nitroclcctrite  (isomannitol  nitrate)  ;  nitro- 
erythrite  (erythrol  nitrate) ;  nitroethyl  (ethvl 
nitrate)  ;  nitroglucosc.  a  nitrate  produced  from 
grape  sugar;  nitroglycerin,  pyroglycerin  or 
glonoin  oil  (glyceryl  trinitrate)  ;  nitrolactose 
(nitrated  sugar  of  milk) ;  nitrolignin  (nitrated 
wood)  ;  nitromannitc  (mannitol  nitrate)  ;  nitro- 
methyl  (methyl  nitrate)  ;  nitrostarch  or  xyloi- 
dine  (starch  nitrate)  ;  nitrosugar  or  nitrosac- 
charose,  a  nitrate  produced  from  cane  sugar ; 
pyroxylin,  collodion  cotton,  nitrocotton  or 
pyrocellulose,  arc  cellulose  nitrates  of  medium 
nitration  and  practically  completely  soluble  in 
a  mixture  of  ether  and  alcohol  at  ordinary 
temperatures.  In  this  class  is  also  to  be  in- 
cluded the  explosive  mixtures  into  which  these 
esters  enter  as  essential  components  and  of 
which  the  dynamites  are  conspicuous  examples. 
These  are  classified,  according  to  the  nature  of 
the  dope  or  absorbent,  into 

A.  Dynamites  tvith  an  inert  base. —  Nobel's 
dynamite  No.  1,  giant  powder  No.  1 :  dynamite 
blanche  de  Paulines;  dynamite  de  Vonges;  E. 
C.  dynamite;  S.  1,  dynamite;  Rutenbcrg's  ex- 
plosive; dynamite  rouge,  all  consist  of  nitro- 
glycerin with  kiesclguhr;  Hill's  powder  (nitro- 
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glycerin  with  precipitated  silica) ;  Mowbray's 
mica  powder  (nitroglycerin  with  asbestos)  ; 
Hercules  powder  (Extra  No.  1);  (magnesia 
powder,  nitro-magnitc;  dynamagnitc ;  fulgur- 
ite; nitroglycerin  with  magnesia  alba);  dyna- 
mite de  boghead  (nitroglycerin  with  ashes 
from  Boghead  coal)  ;  selenitic  powder  (nitro- 
glycerin with  plaster  of  Pans) ;  Horsley's 
powder  No.  1  (nitroglycerin,  alum  and  mag- 
nesium sulphate)  ;  metalline  nitroleum  (nitro- 
glycerin, red  lead  and  plaster  of  Paris)  ;  renish 
dynamite  (nitroglycerin,  lcieselguhr  and  naph- 
thalene) ;  dynamite  noire  (nitroglycerin,  sand 
and  coke)  ;  mataziette  (nitroglycerin,  sand, 
ochre,  charcoal  and  resinous  matter)  ;  pori- 
fera  nitroleum  (nitroglycerin,  sponge  or 
vegetable  fibre  and  plaster  of  Paris)  ;  Bursten- 
bender's  explosive  (nitroglycerin,  spongy 
vegetable  substances  with  glycocoll  or  chon- 
dnn)  ;  Morse's  explosive  (nitroglycerin  with 
rosin);  Borland's  carbo-dynamite  (nitro- 
glycerin with  charcoal  from  cork)  ;  white  dyna- 
mite (nitroglycerin  with  limc-guhr)  ;  bontine 
(nitroglycerin,  kieselguhr  and  boric  acid) ; 
fluorine  (nitroglycerin,  kieselguhr  and  calcium 
fluoride). 

B.  Dynamites  with  an  active  base. —  a.  Con- 
sisting of  nitroglycerin  absorbed  by  a  gun- 
powder like  dope — Ammonia  dynamite;  am- 
monia krut;  ammonia  powder;  Coad's  ex- 
plosive; Champion's  powder;  colonia  powder; 
Dittmar's  powder;  dynamite  No.  2;  dynamite 
au  charbon ;  dynamite  d'ammoniaque ;  dynamite 
grieses  de  Paulilles;  extra  powder;  Fowler's 
explosive;  giant  powder  No.  2;  Gotham's 
powder;  Hercules  powder;  Horsley's  powder 
No.  2;  Judson's  powder;  Jupiter  powder; 
lithofracteur ;  Monakay's  explosive;  miner's 
powder   Co.   dynamite;    Neptune  powder; 

Cotentia;    petrolithe;    sebastine;  thunder- 
olt  powder;  Titan  powder;  virite  powder; 
Vulcan  powder. 

b.  Consisting  of  nitroglycerin  absorbed  by 
or  gelatinized  with  a  cellulose  or  ligno-cellulose 
nitrate — Blasting  gelatine;  cellulose  dynamite; 
Clark's  explosive;  Dean's  explosive;  Dittmar's 
explosive;  extra  dynamite;  explosive  gelatine; 
glyoxyline;  grisoutine;  gum  dynamite;  nitro- 
gelatinc;  paleine;  Punshon's  explosive; 
Schultzes  dynamite;  straw  dynamite;  Trauzl's 
dynamite. 

c.  Consisting  of  nitroglycerin  or  an  explosive 
gelatine  incorporated  with  wood  pulp  or  saw- 
dust and  a  nitrate,  principally  sodium  nitrate. 
Such  dynamites  are  styled  lignin-dynamites  — 
jfLtna  powder;  amidogene;  Atlas  powder; 
Brain's  powder;  carbonite;  diaspon;  dualin; 
dynamite  dc  Krummel;  dynamite  de  Lanky; 
forcite;  gelatine  dynamite;  gelignite;  giant 
powder;  Hccla  powder;  mcgamte;  miner's 
friend  powder-  grisoutite;  kadmite;  pctralithe; 
rendrock ;  rhexite ;  safety  nitropowdcr ; 
Schultze  dynamite;  stonite;  stowitc;  vigorite. 

d.  Other  dynamites. —  Americanitc  (nitrol 
glycerin  and  methyl  alcohol)  ;  Castellano's  pow- 
der (nitroglycerin,  fibrous  material,  earth  and 
nitrobenzine) ;  cerberite  (nitroglycerin,  wood 
oil,  nitrobenzine,  wood  pulp  and  sodium 
nitrate) ;  Englc's  powder  (nitroglycerin,  am- 
moniacal  salts,  saltpetre,  pyroxyline,  nitro- 
starch,  nitromannite,  nitrobenzine,  and  water 
glass);  glukodine  (nitroglycerin  and  nitro- 
saccharosc);  pcrunitc  or  tcrrorite  (nitrogly- 
cerin, nitromcthyl,  niiroethyl  and  pyroxylin) ; 
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thunder  powder  (nitroglycerin  and  nitroglu- 

cosc). 

r.  Low  freezing  dynamites. —  Ordinary  dy- 
namites freeze  at  temperatures  prevailing  in 
the  northern  and  middle  Atlantic  states  from 
October  to  May.  When  frozen  they  are  diffi- 
cult to  detonate  and  are  therefore  not  only 
inefficient  but  dangerous  and  particularly  when 
being  thawed  To  overcome  this  defect  nitro- 
substitution compounds  such  as  some  of  the 
nitrotoluenes  and,  more  recently,  esters  such  as 
nitrated  di-  and  polyglycerins  are  introduced 
as  components  of  dynamite.  These  are  styled 
L.  F.  dynamites  and  put  upon  the  market  with 
a  designating  term  or  this  kind 

C.  Organic  nitrate  mixtures  other  than 
dynamites. —  Casteau's  explosive  (nitrodextrinc 
and  ammonium  nitrate);  Cooppal's  powders 
(resinous  bodies,  barium  nitrate,  and  nitrocellu- 
lose) ;  diflamyr  (metallic  nitrates  and  nitro- 
cellulose) ;  flamminore  (collodion  cotton,  am- 
monium sulphate  and  ammonium  nitrate) ; 
grenee  powder  (paraffin;  agar-agar,  nitorcellu- 
lose,  potassium  nitrate,  and  barium  nitrate)  ; 
explosive  P,  (nitrocellulose  and  ammonium 
nitrate) ;  potenite  and  tonite  (guncotton  and 
barium  nitrate). 

(5.)  Nitrosubstitution  compounds  and  mix- 
tures containing  them. —  Compounds :  Nitro- 
benzenes ;  nitrocresols ;  nitrocumcnes ;  nitro- 
naphthalenes ;  nitronaphthols;  nitrophcnols ; 
nitroresorcinols ;  nitrotoluenes;  picric  acid  or 
caroazotic  acid  (trinitrophcnol)  ;  picramic  acid; 
styphnic  acid  or  oxypicric  acid  (nitroresor- 
cinol) ;  trinitrotoluene  (T.  N.  T.)  ;  trotyl ;  tetra- 
nitraniline;  tetranitronuthyl-anilinc  (tctryl, 
tetralite). 

A.  Mixtures  containing  nitrosubstitution 
compounds— ^ Abel's  powder:  ammonite:  amvis; 
bellitc;  boritine;  Borlinetto  s  powder;  Boyd's 
powder;  bronolithc;  Brugere's  powder;  ex- 
plosive A ;  explosive  C ;  explosive  N ;  cre- 
monites;  Du  Bois-Raymond's  powders;  du- 
plexite;  ccrasite;  emmensite;  Faversham  pow- 
ders; Favier  explosives ;  ferrifractor;  Fontaine's 
powder;  Gathhurst  powder;  gclbitc;  Geserick's 
powder;  Girard's  powder;  hcllhoffite;  Hill's 
powder;  Jdhnite;  joveite;  kinctite;  lyddite; 
macarite;  melinite;  oxonite;  plastrotyl;  rack- 
arock;  roburitc;  romitc;  sccurite;  s'trcctites; 
triplastitc ;  Volney  powders. 

(6)  Fulminates. — Compounds:  Copper  and 
silver,  acctvlides ;  diazonbenzinc  nitrate ;  fulmi- 
nating gofd  (auramine) ;  fulminating  silver 
(argentaminc)  ;  mercuric  fulminate ;  mercuric 
triazotate;  lead  and  nitrogen  chloride  (chlora- 
mide)  ;  nitrogen  iodide  (iodamidc)  ;  silver  ful- 
minate ;  and  triazoic  acid,  also  called  hydrazoic 
acid  and  azoimide. 

In  addition  to  these  classes  there  arc  seven 
groups  of  explosives  which  have  received  such 
widespread  notice  as  to  merit  especial  mention 
here,  though  the  members  of  each  may  all  be 
and  many  of  them  are  included  in  the  classes 
given  above.  These  groups  are  Sprcngel  ex- 
plosives, safety  or  flamele«s  explosives,  per- 
mitted explosives,  and  smokeless  powders,  shell 
explosives  and  grenade  and  bomb  explosives. 

Sprengel  Explosives.—  These  exnlosives 
were  invented  by  Dr.  Hermann  Sprengel.  1873, 
and  he  advocated  their  use  because  of  their 
safety,  as  they  are  non-explosive  during  manu- 
facture, storage  and  transportation,  but  are 
very  powerful  explosives  when  prepared  and  de- 
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tonated.  His  plan  was  to  employ  mixtures  of 
combustible  and  oxidizing  substances,  which 
should  be  kept  separate  until  needed  for  use,  the 
bodies  to  be  employed  in  the  compounding  of 
the  explosives  being  either  all  liquid  or  part 
liquid  and  part  solid,  for  by  taking  advantage 
of  the  liquid  state  speedy  and  intimate  mixing 
could  be  realized  and  the  explosives  could  be 
compounded  on  the  spot  and  at  the  time  they 
were  wanted  for  use.  Among  the  oxidizing 
agents  proposed  were  the  nitrates  and  chlorates, 
which  are  solids,  and  nitric  acid  and  nitrogen 
tetroxidc,  which  are  liquids.  Among  the  com- 
bustible substances  were  the  nitrosubstitution 
bodies,  carbon  disulphite  and  petroleum.  A 
conspicuous  example  of  a  Sprengel  explosive  is 
rackarock,  which  was  used  in  blowing  up  Flood 
Rock  in  Hell  Gate,  N.  Y.,  and  which  may  be 
made  by  pouring  mononitrobenzine  upon  pot- 
assium chlorate  crystals.  Other  examples  are 
some  forms  of  emmensite;  explosive  A;  hell- 
hoffite;  oxonite;  panclasite;  and  Paronc's  ex- 
plosive. 

Safety  or  Flameless  Explosives.— These 
explosives  are  for  use  in  fiery  mines,  particularly 
coal  mines,  where  there  is  a  chance  of  an  acci- 
dent arising  through  the  ignition  of  the  fire 
damp  from  the  flame  or  incandescent  panicles 
given  off  by  the  explosive  as  the  blast  is  fired. 
Among  the  earlier  devices  employed  to  pre- 
vent this  was  the  mixing  in  the  dope*  of  the 
dynamite  or  with  the  powder  of  a  quantity  of 
washing  soda,  alum,  Epsom  salts  or  other  salt 
containing  a  large  amount  of  water  of  crystalli- 
zation that  would  be  set  free  when  the  mix- 
ture was  fired.  In  1883  Mallard  and  Le 
Chatelicr  discovered  that  when  explosives  were 
detonated  unconfined  in  air  containing  10  per 
cent  of  methane  (marsh-gas),  the  fire  damp 
could  not  be  ignited  if  the  temperature  of  de- 
tonation was  below  2200"  C,  owing  to  the  cool- 
ing of  the  gases  due  to  their  rapid  expansion 
and  to  the  retardation  of  the  inflammation  of 
the  fire-damp.  An  investigation  by  the  French 
Fire  Damp  Commission  showed  that,  among 
others,  certain  salts  of  ammonia  and  especially 
ammonium  nitrate,  were  capable  of  reducing 
the  temperature  of  the  gases  produced  by  deto- 
nation very  materially,  the  temperature  of  the 

fases  from  explosive  gelatine  being  reduced 
rom  3090°  C,  when  detonated  alone,  to  1493" 
G,  if  detonated  when  mixed  with  88  per  cent 
of  ammonium  nitrate.  In  August  1890  the 
French  government  prohibited  the  use  of  black 
powder  in  fiery  or  dusty  mines  and  permitted 
the  use  in  them  of  explosives  whose  gases  arc 
not  combustible  and  the  detonation  tempera- 
ture of  which  does  not  exceed  1900°  C.  where 
blasting  is  to  be  done  in  the  rock,  nor  1300°  C. 
where  the  work  is  to  be  done  in  the  coal  scam. 
Among  the  explosives  designed  to  meet  such 
conditions  and  styled  abroad  safety  or  flameless 
explosives  arc:  Ammonite;  amvis,  aphosite; 
bellite;  benedite;  britainite;  cambrite;  car- 
bonite;  Castcau's  explosives;  dahmenite;  Fa- 
vier's  explosive;  fractorite;  Geserick's  powder; 
grisoutine ;  grisoutitc;  nitroferrite ;  progressite; 
roburite;  sccurite;  westphalite ;  wetterdyna- 
mite. 

Permissible  Explosives  are  those  which  have 
passed  the  tests  by  the  United  States  Bureau 
of  Mines  and  which  have  been  placed  by  it  on 
the  Permissible  List  of  Explosives  for  Use  in 
Coal  Mines,  established  in  1908.    There  were 


137  explosives  on  the  permissible  list  15  April 
1916  classified  as  "ammonium  nitrate,*  °hy- 
drated,"  "organic  nitrate"  and  "nitroglycerin* 
explosives.  Rules  for  testing  and  regulations 
for  use  of  these  explosives  arc  supplied  in  free 
publications  of  this  Bureau.  By  the  use  of 
these  explosives  safety  in  mining  coal  is  in- 
creased. 

Smokeless  Powders  arc  high  powered 
propellents  used  as  substitutes  for  gunpowder  in 
firearms  and  cannon.  Thev  are  formed  of  the 
highest  grade  of  cellulose  nitrate  only,  like 
induritc,  or  of  the  medium  grade  only,  like 
pyroccllulosc  powder,  or  they  may  be  mixtures 
of  different  grades  together  with  metallic 
nitrates  like  the  B.  N.  powders.  Another  class 
arc  mixtures  of  cellulose  nitrates  with  nitro- 
glycerin and  a  restrainer,  like  vaseline;  ballis- 
tite,  cordite  and  filite  being  examples  of  this 
land.  In  robin-hood,  gold  dust,  and  gclbite, 
we  have  examples  of  such  powders  made  from 
nitrosubstitution  compounds  and  oxidizing 
agents.  Other  smokeless  powders  arc  ambcrite ; 
Erackett's  powder;  cannonite;  Curtis  and 
Andre's  powder;  Du  Pont  powder;  E.  C  pow- 
der; fulgor;  granulite;  hornite;  J.  B.  powder; 
kolfite;  poudre  J;  poudrc  S;  pyrocollodion ; 
rifleite ;  Schultze  powder  and  Walsrodc  powder. 
*  Shell  Explosives. —  For  charging  armor 
piercing  and  other  high  explosives  shell  very 
stable,  insensitive,  detonating  explosives  are 
required.  Nitroglycerin,  dynamite,  guncotton 
and  explosive  gelatin  were  tried  but  found  too 
dangerous.  Picric  acid  was  known  to  bo 
powerful  and,  when  condensed  by  fusion,  so 
insensitive  that  it  could  be  safely  fired  from 
modern  guns,  but  it  was  found  difficult  to  de- 
tonate it  when  it  was  compressed  in  the  shell. 
Turpin  in  France  in  1886  solved  the  problem 
by  causing  a  mercury  fulminate  detonator  to  act 
on  pulverulent  picric  acid  contained  in  a  cavity 
in  the  compressed  picric  acid.  For  attack  on 
warships  shells  are  required  that  will  pass 
through  the  armor  and  explode  when  on  the 
inside.  According  to  Marshall  nitroaromatic 
explosives,  such  as  picric  acid,  generally  deto- 
nate on  the  face  of  the  armor.  This  is  accom- 
plished by  ammonium  nitrate  explosives.  The 
first  complete  demonstration  was  made  at  the 
United  States'  Naval  Proving  Ground,  Indian 
Head,  Md.,  in  1897  under  Capt.  \V.  T.  Sampson. 
U.  S.  N.,  when  a  shell  containing  8.25  pounds 
of  Jovette  (moronitronaphthalenc,  picric  acid 
and  ammonium  nitrate)  penetrated  a  sheet  of 
the  harvcyized  armor  of  the  United  States 
Steamship  Kentucky  14.5  inches  in  thickness 
and  burst  on  the  other  side  of  the  plate.  Com- 
pressed picric  acid  is  known  in  France  as 
melinite;  in  England  as  lyddite;  Germany, 
granatfiillung  88;  Italy,  pcrtitc;  Japan,  shimo- 
sitc;  Sweden,  coronite;  Spain,  picrinite;  and 
Austria,  ccrasite.  In  many  instances  other  sub- 
stances arc  mixed  with  the  picric  acid.  Thus 
in  France  to  reduce  the  melting  point  and  avoid 
the  formation  of  cavities  from  crystallization 
or  "piping"  trinitrocrcsol  is  mixed  with  the  pic- 
ric acid.  A  mixture  of  60  per  cent  trinitrocre- 
sol  and  40  per  cent  picric  acid  is  known  as 
cresylitc  60/40.  It  melts  at  85c  C.  but  at  65* 
is  sufficiently  plastic  to  permit  of  its  being  com- 
pressed into  charges  which,  on  cooling,  arc  com- 
pact, amorphous  and  very  homogeneous.  In 
Austria  ammonium  cresylate  is  mixed  with  the 
picric  acid.    Since  picric  acid  is  corrosive,  and 
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may,  by  action  on  the  metal  of  its  containers, 
produce  dangerously  sensitive  compounds,  and 
also  because  the  supply  of  it  is  limited,  trinitro- 
toluene has  come  to  be  largely  used  as  the 
bursting  charge  for  detonating  shells.  Schnei- 
derite  (mononitronaphthalcnc  10  per  cent  and 
ammonium  nitrate  90  per  cent)  is  used  at  Creu- 
sot  for  this  purpose  also.  Macarite  (T.  N.  T. 
and  lead  nitrate)  is  also  used. 

Grenade  and  Bomb  Explosives.  Ammonal, 
cheddite,  compressed  gun  cotton,  picric  acid, 
smokeless  powder,  T.  N.  T..  and  tomte  are  used 
for  charging  hand  grenades  and  bombs. 

Methods  of  Firing  Explosives.— Explo- 
sives may  be  made  to  explode  by  heating  them 
to  their  explosion  temperatures.  This  may  be 
accomplished  by  a  flame,  a  spark,  an  incandes- 
cent body,  friction,  percussion,  concussion,  pres- 
sure or  chemical  action,  provided  the  resulting 
temperature  is  sufficiently  high.  Gunpowder 
was  originally  ignited  in  muskets,  guns  and 
boreholes  bv  the  application  of  a  torch,  a  glow- 
ing tinder  or  a  heated  iron  rod.  Later  mus- 
kets were  fired  bv  the  sparks  from  a  flint  strik- 
ing steel.  Joseph  Egg,  an  English  gunmaker, 
1815.  invented  percussion  caps  and  to-day  all 
fixed  ammunition  is  fired  by  percussion  primers, 
while  the  charges  in  very  large  guns  are  fired 
by  friction  primers  or  by  electric  primers.  In 
firing  blasts  a  train  of  powder  was  laid  from 
the  mine  to  a  safe  distance  by  which  to  convey 
the  inflammation.  Later  quills,  straws  or  paper 
or  wooden  tubes  were  used  to  hold  the  train 
and  permit  of  the  charge  being  tamped  so  as  to 
secure  the  advantage  which  comes  from  con- 
fining an  explosive.  Bickford  of  Tuckingwall, 
England,  1831,  invented  the  "running*  or  "tape" 
or  "safety*  fuse,  in  which  a  core  of  gunpowder 
is  enclosed  in  a  tube  of  jute  yarn  impregnated 
with  a  waterproof  composition,  and  this  is  to-day 
largely  used  in  firing  blasts.  Dr.  Watson  of 
England,  1745,  succeeded  in  igniting  gunpowder 
by  means  of  electric  sparks,  and  in  1749  a  bat- 
tery of  11  guns  was  fired  by  means  of  a  fric- 
tional  electric  machine  at  Annapolis,  Maryland. 
Dr.  Robert  Hare  of  Philadelphia,  1832.  invented 
the  method  of  firing  gunpowder  charges  by 
means  of  the  electric  current,  using  low  tension 
fuses,  and  he  had  for  some  time  prior  to  this 
employed  the  voltaic  battery,  in  eudiomet  rical 
experiments,  for  igniting  explosive  mixtures  of 
gases.  Sir  Charles  Whcatstone,  1856,  intro- 
duced the  magneto-exploder  in  blasting,  and 
Moses  G.  Farmer  of  Newport,  R.  I.,  1871,  in- 
vented the  dynamo-electric  machine  with  which 
to  generate  the  current  and  applied  it  to  firing 
electric  ignitors  or  detonators,  and  to-day  great 
guns,  military  and  naval  mines,  and  torpedoes 
and  many  blasts,  especially  those  in  which  sev- 
eral charges  are  to  be  fired  simultaneously  or 
where  the  blast  is  under  water,  are  fired  by  this 
means. 

It  has  long  been  known  that  when  a  notable 
quantity  of  a  mixture  of  two  volumes  of  hydro- 
gen with  one  volume  of  oxygen  is  ignited  at  any 
point,  the  inflammation  extends  almost  instan- 
taneously throughout  the  mass  and  a  most  vio- 
lent explosion  ensues.  This  phenomenon  is 
called  detonation,  and  this  mixture  has  long 
been  known  tinder  the  name  of  detonating  gas. 
Certain  chemical  compounds  such  as  nitrogen 
chloride,  nitrogen  iodine  and  mercuric  fulminate 
undergo  an  almost  instantaneous  decomposition, 
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giving  rise  to  violent  explosive  effects,  if  heated, 
struck  or  rubbed,  and  they  are  known  as  de- 
tonating explosives.  At  first  guncotton,  nitro- 
glycerin and  dynamite  were  fired  by  ignition,  as 
gunpowder  had  been,  but  Nobel,  1866,  d.scov- 
ercd  that  if  a  quantity  of  mercuric  fulminate 
was  detonated  in  contact  with  nitroglycerin  or 
dynamite  they  then  underwent  a  detonating 
explosion  also.  E.  O.  Brown  of  the  chemical 
department  at  Woolwich,  England,  1868,  discov- 
ered that  not  only  could  dry  compressed  mili- 
tary guncotton  be  detonated  in  this  way,  but 
that  if  the  dry  charge,  called  a  primer,  was  in 
contact  with  wet  guncotton,  the  latter  was  de- 
tonated also,  even  though  it  was  saturated  with 
submerged  under  and  in  contact  with  water, 
ere  are  then  two  kinds  of  explosion,  namely, 
explosion  by  simple  combustion  and  explosion 
by  detonation.  Explosives  of  the  gunpowder 
class  undergo  only  the  first  kind  of  explosion. 
Explosives  of  the  nitric  ester  or  nitrosubstitu- 
tion  classes  undergo  both  kinds  of  explosions. 
Explosives  of  the  fulminate  class  practically 
undergo  only  the  second  kind  of  explosion.  A 
marked  difference  between  the  two  kinds  of  ex- 
plosion is  found  in  the  velocity  with  which  the 
explosive  reaction  is  propagated  within  the  mass 
of  the  explosive.  Thus  in  detonating  gas,  which 
can  undergo  both  kinds  of  explosion,  Bunsen 
found,  when  using  very  narrow  tubes  where 
only  combustion  could  take  place,  that  the 
velocity  of  the  reaction  was  34  metres  per  sec- 
ond, while  Bcrthclot,  using  long  and  wide  tubes 
in  which  detonation  could  take  place,  found 
that  the  velocity  of  the  reaction  was  2,810 
metres  per  second.  Experiments  made  by  lay- 
ing trains  of  the  materials  and  firing  them 
showed  that  while  the  velocity  of  combustion  of 
gunpowder  in  the  open  air  is  but  from  1.5  to  3.4 
metres  per  second,  the  velocity  of  detonation 
of  dynamite  and  of  guncotton  is  about  6,000 
metres  per  second.  Provided  each  explosive 
gave  the  same  volume  of  gases,  having  the 
same  temperature  and  that  the  conditions  were 
in  all  other  respects  alike,  it  is  evident  that  the 
explosion  in  wh.ch  the,  reaction  velocity  was 
the  greater  would  be  the  more  violent  one.  But 
they  arc  not  alike,  since  guncotton.  nitroglycerin 
and  mercuric  fulminate,  besides  being  endo- 
thcrmos  compounds,  arc  completely  resolved 
into  gases,  while  gunpowder,  besides  being  a 
mixture,  yields  but  about  44  per  cent  of  gaseous 
products.  The  pressure  developed  by  gunpow- 
der when  fired  in  a  space  completely  filled  by  it 
is,  from  Noble  and  Abel's  experiments,  6,150 
atmospheres.  The  theoretical  pressure  de- 
veloped by  guncotton,  notroglycerin  and  mer- 
curic fulminate  when  detonated  in  contact  with 
bodies,  are  respectively  24,000  atmospheres, 
25,000  atmospheres  and  28,000  atmospheres.  In- 
vestigation has  shown  that  no  other  explosive 
known  will  give  in  contact  an  instantaneous 
pressure  at  all  comparable  with  that  of  mer- 
curic fulminate. 

Owing  to  these  differences  in  behavior  ex- 
plosives nave  been  distinguished  as  high  ex- 
plosives and  low  explosives.  Gunpowder  and 
explosives  of  the  nitrate  class,  together  with 
smokeless  powder  are  low  explosives.  They  act 
with  comparative  slowness  and  are  used  where 
it  is  desired  to  lift  or  push  a  load  without 
cracking  it  or  in  propelling  projectiles.  Nitro- 
glycerin and  explosives  of  the  class  of  nitric 
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esters  or  nitrosubstitution  bodies  arc  high  ex- 
plosives. They  are  shattering  and  crushing  in 
their  effect.  Detonators  containing  mercuric 
fulminate  are  used  to  fire  high  explosives,  the 
detonators  being  themselves  fired  by  means  of 
a  Bickford  fuse  or  by  an  electric  current.  The 
high  explosives  arc  usually  put  up  for  use  in 
paper  cylinders,  and,  when  loaded  for  shipment, 
these  arc  called  cartridges  or  "sticks."  Usually 
several  sticks  are  required  for  one  borehole.  In 
this  case  the  detonator  is  inserted  in  one  of 
these  sticks,  usually  the  last  one  inserted  in  the 
hole,  and  this  stick  is  then  called  the  priming 
cartridge  or  «p rimer." 

Direction  in  Which  Explosives  Explode. 
—  There  is  a  very  common  but  erroneous  belief 
that  gunpowder  explodes  upward  and  that  high 
explosives  explode  downward.  It  arises  from 
the  fact  that  if  a  quantity  of  dynamite  be  laid 
unconfincd  upon  the  surface  of  the  rock  on  de- 
tonating it  the  rock  will  often  be  fractured, 
whereas  if  gunpowder  is  thus  placed  and  fired, 
it  produces  no  effect  whatever  upon  the  rock. 
The  facts  are  that  each  explosive  tends  to  act 
in  all  directions  about  the  centre  of  explosion. 
As  exposed  in  air  they  arc  subjected  to  the 
weight  of  the  air  above  them  and  are  to  that 
extent  under  confinement.  When  the  high  ex- 
plosive is  detonated  the  gases  are  set  free  so 
fast  that  the  air  acts  as  a  tamping  agent ;  when 
the  gunpowder  explodes  the  gases  arc  generated 
so  slowly  that  they  have  time  to  move  the  air. 
Besides  the  "pressure  in  contact"  exerted  by 
the  high  explosives  is  enormously  greater  than 
that  of  the  low  explosives.  That  high  ex- 
plosives exert  pressure  in  all  directions  was 
demonstrated  by  Munroe  by  fastening  blocks  of 
guncotton  of  equal  size  and  weight  on  opposite 
sides  of  a  plate  of  iron,  but  at  some  distance 
apart,  by  means  of  light  cords  or  wires,  sus- 
pending the  plate  in  any  position  and  detonat- 
ing both  charges  simultaneously  when  holes 
were  blown  through  the  plate  away  from  each 
of  the  charges.  Although  high  explosives  usu- 
ally produce  a  shattering  effect  when  fired  un- 
con fined  upon  a  body  jhe  effect  is  markedly 
increased  by  increasing  the  confinement.  Thus 
in  the  method  of  breaking  boulders  and  large 
masses  of  stone  called  "plastering."  after  the 
charge  is  laid  upon  the  stone  and  fused,  one  or 
two  shovelfuls  of  earth  are  placed  over  it  be- 
fore firing.  In  "blockholing,"  when  it  is  de- 
sired to  break  the  rock  into  fragments  of 
definite  size,  a  small  hole  is  bored  in  the  rock 
and  the  explosive  inserted  in  this  cavity  whereby 
the  gases  obtain  a  greater  leverage. 

Explosions  by  Influence. —  In  detonating 
explosive  substances  it  has  been  found  that  the 
influence  of  the  detonation  is  exerted  to  a  dis- 
tance all  about  the  mass  depending  on  the  kind 
and  the  amount  of  the  explosive  used  and  its 
environment  and  that  a  second  charge  of  ex- 
plosive within  the  sphere  of  influence  may  be 
detonated  hy  the  detonation  of  the  first  charge 
without  being  in  contact  with  it.  Th,tis  in  acci- 
dental explosions  in  explosive  works  the  initial 
explosion  occurring  in  one  building  may  de- 
tonate the  explosives  in  other  buildings  unless 
care  is  taken  in  the  construction  of  the  works 
to  separate  the  buildings  by  a  safe  distance 
from  one  another.  Ca»e.  too,  must  be  taken  in 
forming  fixed  ammunition  that  the  primers  are 
not  heavily  charged  with  fulminate,  and  that 
the  cartridge's  arc  so  packed  that  the  accidental 


explosion  of  one  cannot  explode  the  others  by 
influence.  Application  of  this  principle  is  made 
in  military  engineering  in  the  operation  of 
countermining,  the  enemy's  submarine  mines  be- 
ing blown  up  by  firing  a  heavy  torpedo  charged 
with  guncotton  in  the  vicinity  of  them.  To-day 
large  quantities  of  explosives  are  frequently 
used  in  big  blasts.  According  to  Eissler,  it  is  an 
almost  daily  occurrence  in  California  for  20, (XX), 
30,000  and  even  50,000  pounds  of  explosives  to 
be  used  in  a  single  charge.  The  system  of  large 
blasts  has  even  become  common  in  hard  rock 
excavations,  such  as  quarries  and  railroad  cut- 
tings, and  in  these  large  blasts  it  is  common 
practice  to  dispose  the  larger  part  of  the  mass 
of  explosive  so  that  it  may  be  exploded  by  influ- 
ence and  not  by  contact  or  by  propagation  of 
flame  or  fire. 

The  largest  single  blast  ever  fired  was  that 
used  in  the  blowing  up  of  Flood  Kock  at  Hell 
Gate  in  the  East  River,  N.  Y.,  10  Oct.  1885. 
There  was  used  in  the  blast  240,399  pounds  of 
rackarock  and  42,331  pounds  of  dynamite,  or 
283,000  pounds  of  explosive.  There  were  13,000 
separate  charges  of  rackarock  embedded  in  drill 
holes  with  a  dynamite  cartridge  on  top  of  each, 
and  there  were  591  primary  charges  of  dynamite 
placed  on  timbers  25  feet  apart  within  the  mine. 
When  all  the  charges  had  been  placed  in  the 
excavation  and  the  primary  charges  connected 
with  the  firing  batteries,  the  mine  was  filled 
with  water,  the  primary  charges  were  exploded 
by  the  electric  current  and  these  exploded  the 
13,000  other  charges  by  influence  through  the 
intervening  water.  Munroe  founded  on  this 
principle  a  method  of  testing  the  relative  sen- 
sitiveness of  explosive  substances. 

Uses  of  Explosives.— The  uses  of  explo- 
sives as  propellents  in  war  and  in  the  chase ;  as 
rupturing  agents  in  mining,  quarrying  and  engi- 
neering operations,  and  as  an  essential  compo- 
nent of  fireworks  is  well  known.    It  is  not  so 
generally  known  that  they  are  employed  for  sav- 
ing life  and  property  in  signal  lights,  rockets 
and  guns ;  in  projecting  lines  from  the  shore  to 
stranded  ships,  and,  in  case  of  fire,  to  the  upper 
stories  of  high  buildings;  in  casting  oil  upon 
the  water  to  quell  a  raging  sea;  and  in  railroad 
torpedoes   to  prevent  collisions.  Gunpowder 
guns  are  also  used  in  bridge  building  to  project 
a  line  across  a  chasm  which  is  to  be  bridged, 
and  they  are  used  in  the  whale  fishery  to  project 
the  harpoons,  while  the  latter  may  carry  an  ex- 
plosive charge  with  which  to  stun  or  destroy  the 
whale.    Detonating  explosives  have  been  im- 
properly used  in  taking  fish;  in  burglarious 
operations  against   safes   and   vaults  and  in 
anarchistic  outrages.    Dynamite  has  been  used 
to  knock  the  blocking  from  the  ways  when 
launching  ships.    Fired  on  an  iron  plate  placed 
on  the  top  of  a  pile  and  covered  with  a  tamping 
of  earth  or  clay,  it  has  successfully  replaced  the 
pile  driver.    It  has  been  found  efficient  in  ex- 
cavating holes  in  which  to  plant  telegraph  and 
telephone  poles  and  fence  posts:  in  driving 
water  out  of  quicksands  in  which  foundations 
are  to  be  laid  or  shafts  to  be  driven;  in  slaugh- 
tering cattle ;  in  breaking  down  ice  dams  to  pre- 
vent inundations;  in  blowing  up  buildings  to 
prevent  die  spread  of  conflagrations;  in  razing 
unsafe  walls  of  burned  buildings;  in  destroy- 
ing wrecks  which  endanger  navigation,  and  in 
freeing  vessels   which  are  hara  aground  on 
shoals.    The   farmer  uses  them  in  breaking 
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boulders,  grubbing  stumps  and  felling  trees; 
in  shaking  the  soil  to  fit  it  for  deep-soil  culti- 
vation, and,  in  wine  growing  districts,  to  free 
the  soils  from  the  phylloxera :  while  their  aid 
has  been  sought  in  breaking  droughts  and 
diverting  hailstorms  from  their  courses.  The 
iron  founder  uses  them  in  breaking  large  cast- 
ings. The  iron  smelter  employs  them  to  clear 
out  obstructions  in  blast  furnaces  while  the  lat- 
ter are  still  in  operation.  Munroc  proposed 
using  detonating  explosives  as  a  means  of  test- 
ing the  integrity  of  large  masses  of  metal  and 
their  resistance  to  shock. 

Transportation  of  Explosives.—  It  is  well 
known  that  the  transportation  of  explosives  is 
a  necessary  menace.  Munroc  pointed  out  that 
in  1901  there  was  not  less  than  600  cars  of  ex- 
plosives on  the  railroads  of  the  United  States 
each  day.  In  1905  the  matter  of  regulating  the 
transportation  of  these  and  other  dangerous 
substances  was  taken  up  by  the  American  Rail- 
way Association  and  a  bureau  of  supervision 
was  created.  Later  the  matter  was  taken  up 
by  the  United  States  Congress  and  by  its  acts 
of  4  March  1909  and  18  June  1910,  this  super- 
vision and  regulation  was  entrusted  to  the  In- 
terstate Commerce  Commission  which,  on  2 
July  1914,  issued  a  pamphlet  of  1%  pages  con- 
taining its  regulations  for  the  safe  transporta- 
tion of  explosives,  inflammables  and  other 
dangerous  substances,  and  these  now. control. 

Explosives  Industry  in  the  United  States. 
—  The  reports  of  the  United  States  census  for 
1900,  1905  and  1909  contain  much  descriptive 
and  historical  besides  statistical  matter  regard- 
ing this  industry.  From  the  reports  of  the 
census  for  1914  it  appears  that  in  that  year 
there  was  produced  7,685,036  pounds  of  gun- 
powder; 208,316,125  pounds  of  blasting  powder; 
3,560,581  pounds  of  nitroglycerin;  223,000,073 
pounds  of  dynamite  and  18,113.601  pounds  of 
permissible  explosives.  The  comparative  condi- 
tion of  the  industry  from  1840  to  1914  is  shown 
in  the  following  table: 

TOTAL  PRODUCTION  AND  VALUE  OF  EXPLOSIVES  IN 
THE  UNITED  STATES  BY  DECADES,  1840-1914. 


3 

o 

Products 

z 

c  £ 

9 

Capital 

3 

C 

!? 

Pounds 

Value 

1840  . . 

137 

$875,875 

496 

8.977.348 

1850. . . 

54 

1,179.223 

579 

$1  590,332 

I860... 

58 

2.305.700 

747 

3.223.090 

1870... 

36 

4.099.900 

973 

4,237.539 

1880... 

54 

6.585.185 

1.340 

98!64S;9i2 

5,802.029 

1890. . . 

69 

13,539.478 

2,353 

10.993. 131 

1900.  . 

97 

19,465,846 

4.502 

215.590.719 

♦16.950.976 

1905  . 

124 
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40,139.661 
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6,306 
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•This  value  is  for  the  explosive  substances  only.  When 
materials  cf  all  Winds  produced  in  these  establishments  arc 
included,  the  value  is  f  17.125.118. 

The  establishments  reported  for  1914  were 
most  numerous  in  the  sections  where  mining  or 
engineering  operations  were  carried  on  most 
extensively.  Pennsylvania  had  33  factories, 
Ohio  11,  Illinois  9,  New  Jersey  8,  West  Virginia 
7,  Oklahoma  6  and  California  5.   The  produc- 
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tion  is  largest  in  the  East.  See  Dynamite; 
Fire-damp;  Guncotton;  Gunpowder;  Nitro- 
glycerin; Maximite;  Picric  Acid;  Stabilite; 
Trinitrotoluene,  «T.  N.  T.» 
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EXPONENTS  AND  EXPONENTIALS. 

The  symbol  x"  is  used  in  elementary  algebra  to 
denote  the  result  of  multiplying  x  by  x,  the  re- 
sult by  x,  and  so  on,  till  n-1  multiplications  have 
been  made.  It  is  read,  "jr  to  the  nth  power," 
or  simply  "x  to  the  nth."*  «  is  said  to  be  the 
exponent  of  x.  Clearly  this  manner  of  defining 
exponents  only  applies  to  real  integers.  While 
the  generalization  of  the  notion  of  exponents 
has  proceeded  step  by  step,  it  is  perhaps  best  to 
give  directly  the  widest  extension  of  the  notion 
that  is  possible  in  ordinary  complex  algebra. 
»x,  the  so-called  exponential  function,  is  defined 

as  1+  x  +  £  +  +^  +•  •  •  .  which 

always  converges  when  x  is  finite,  be  it  real 


Digitized  by  Google 


600  EXPO 

or  complex.  Log  x  is  defined  as  a  value  of  y 
for  which  e=-yx  is  then  defined  as  ey  log  x. 
It  will  in  general  be  many  valued.  By  the  selec- 
tion of  certain  values  of  xy  as  the  so-called 
principal  value,  the  following  laws  may  be 
established. 

Xm     X"  =  Xm  +  " 

ir»)»     =  *™ 

It  will  be  found  that  when  m  is  an  integer,  m 
will  have  its  conventional  meaning,  and  that 

will  stand  for  n  \fx  where  n Vi'is  a  num- 
ber which,  when  raised  to  the  nth  power,  will 
yield  x. 

While  e*  is  the  exponential  function,  func- 
tions the  argument  of  which  appears  in  an 
exponent  arc  often  known  collectively  as  ex- 
ponential functions. 

EXPOSITION,  Industrial.  The  promo- 
tion of  trade  and  manufactures  by  means  of 
collections  of  works  of  industry  and  art  has  no 
claim  to  the  merit  of  novelty.  In  modern  times, 
however,  the  idea  has  been  more  systematically 
carried  out,  and  was  probably  suggested  by  the 
good  effects  produced  by  two  institutions  of  a 
like  nature  — the  galleries  of  rare  productions 
of  art  or  nature  collected  by  the  wealthy  and 
educated,  and  the  exposure  for  sale  of  orna- 
mental and  useful  articles  in  the  stores  of 
individuals,  and  more  particularly  on  a  large 
scale  at  the  great  lairs  which  in  former  times 
were  more  important  features  of  commercial 
enterprise  than  they  now  arc.  The  beneficial 
effect  thus  derived  from  the  exhibition  and  com- 

?arison  of  the  manufactured  products  of  (lif- 
erent localities  could  not  long  escape  notice. 
In  England  this  knowledge  was  brought  to 
practical  purposes  in  the  18th  century,  when 
the  Society  of  Arts  in  1756-57  not  only  offered 
prizes  for  specimens  of  manufactures,  but  ex- 
hibited the  works  of  the  competitors.  In  France 
an  exhibition  embracing  all  kinds  of  manufac- 
tures was  held  in  the  year  1798,  and  another 
under  the  consulate  of  Bonaparte 'in  1802,  and 
the  gratifying  results  attained  led  to  the  idea 
of  holding  them  every  three  years,  which  was 
carried  out  as  far  as  the  political  troubles  of 
the  country  would  allow.  Many  exhibitions 
were  subsequently  held  at  different  cities  on 
the  continent  of  Europe,  and  in  the  British 
Islands  exhibitions  of  a  more  or  less  local 
nature  were  held  in  Dublin,  Manchester,  Liver- 
pool and  Birmingham,  as  well  as  in  London  in 
the  premises  of  the  Society  of  Arts.  All  these 
had  been  generally  successful,  but  the  necessity 
of  having  an  exhibition  on  an  international 
scale  had  become  with  some  a  fixed  idea.  This 
was  first  brought  fairly  before  the  British 
public  in  1848  by  Prince  Albert,  then  president 
of  the  Society  of  Arts.  In  1849  the  project 
for  an  exhibition  in  which  all  nations  might 
join  began  to  take  a  tangible  shape;  and  it  was 
at  last  determined  by  government  to  issue  a 
royal  commission  to  deal  with  the  matter,  which 
was  gazetted  3  Jan.  1850.  The  better  to  enable 
the  commissioners  to  enter  into  contracts  and 
otherwise  incur  obligations,  subscriptions  were 
procured  to  a  Ktiarantcc  fund,  the  queen  lead- 
ing the  list  with  $5,000.  A  vast  structure  of 
iron  and  fjlass,  generally  designated  the  Crystal 
Palace,  built  from  the  design  of  Joseph  Paxton, 


was  erected  in  an  incredibly  short  space  of  time 
in  Hyde  Park,  London,  and  was  opened  by  Her 
Majesty  on  1  May  1851.  The  extreme  length 
of  the  building  was  1,851  feet,  the  width  408 
and  the  height  about  64  feet.  The  entire  area 
was  about  19  acres.  In  the  ground  floor  and 
galleries  there  were  about  eight  miles  of  tables 
set  apart  for  the  exhibitors.  The  articles  sent 
for  exhibition  were  divided  into  four  great  sec- 
tions: Raw  materials,  machinery,  manufactures 
and  fine  arts.  The  number  of  exhibitors  was 
about  15,000.  The  exhibition  remained  open 
until  11  October,  and  the  number  of  visitors  dur- 
ing the  144  days  amounted  to  about  6,170,000. 
After  all  expenses  were  defrayed  there  was  a 
balance  of  $700,000  left.  The  immense  success 
of  the  undertaking  encouraged  the  local  and 
national  exhibitions  of  Dublin  and  New  York 
in  1853  and  of  Munich  in  1854;  and  the  French 
nation  in  1855  opened  its  first  Exposition  Uni- 
versellc.  The  main  building  was  an  imposing 
structure  of  white  stone  and  of  classic  architec- 
ture. The  buildings  were  erected  in  the  Champs 
Elysees,  and  covered  about  24  acres.  There  were 
in  all  about  24.000  exhibitors,  and  the  contents 
were  pronounced  greatly  in  advance  of  those 
exhibited  in  London  in  1851.  It  was  said  that 
continental  manufacturers  had  taken  lessons 
from  the  British  exhibition  which  the  British 
had  failed  in  fully  profiting  by,  and  so  exhibited 
a  vast  improvement  in  works  in  which  the  latter 
considered  themselves  unrivaled.  This  was  fol- 
lowed by  the  national  exhibitions  of  the  Dutch  at 
Haarlem  and  the  Belgians  at  Brussels,  both  in 
1861,  and  the  following  year  by  the  second  great 
international  exhibition  held  in  London.  It  oc- 
cupied a  vast  brick  building,  lighted  by  a  roof 
and  two  immense  cupolas  of  glass,  and  erected 
in  the  garden  of  the  Horticultural  Society  at 
South  Kensington.  The  space  covered  was 
about  17  acres.  There  were  26,348  exhibitors  in 
the  industrial  division,  of  whom  8,487  were  Brit- 
ish, and  in  the  fine  art  division  2,305,  of  whom 
990  were  British.  The  aggregate  number  of 
visitors  from  1  May  to  31  October  was  6.211,103, 
giving  an  average  of  36,328  per  day.  The  pro- 
ductions, which  came  from  almost  all  parts  of 
the  globe,  were  divided  into  40  classes,  and  in- 
cluded manufactures  of  all  kinds  —  machinery, 
chemical  products,  railway  plant  and  ordinary 
vehicles,  animal  and  vegetable  products  used  in 
food  or  manufacture,  architecture,  painting, 
sculpture,  engraving,  etc.  This  exhibition  was 
also  eminently  successful  and  enabled  the  public 
to  jtidRe  of  the  progress  or  shortcomings  of 
British  home  manufactures  and  art  as  com- 
pared with  others.  In  1865  a  rather  important 
exhibition  was  held  in  Dublin  which  was  a 
pecuniary  failure.  The  second  French  Interna- 
tional Exhibition  was  opened  on  1  April  1867, 
and  closed  on  3  November.  On  1  May  1871  the 
first  of  the  British  annual  international  exhibi- 
tions of  fine  arts  and  industry  was  opened 
by  the  Prince  of  Wales.  On  1  Mav  1873  the 
fir«t  Austrian  international  exhibition  was 
opened  by  the  Emperor  Franz  Josef  with  great 
pomp  and  ceremony.  The  building  was  situated 
in  the  Prater,  or,  as  it  may  be  called,  the  park 
of  Vienna  and  was  2,940  feet  in  length,  with  an 
average  breadth  of  570  feet.  A  great  exhibition 
was  opened  by  President  Grant  at  Fairmount 
Park,  Philadelphia,  upon  the  occasion  of  the 
centennial  festival  of  the  American  Declaration 
of  Independence.   It  occupied  60  acres  and  had 
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nearly  10,000,000  visitors.  A  third  French  In- 
ternational Exhibition  was  held  at  Paris  in 
1878;  area  occupied  140  acres;  visitors  17,000,- 
000.  A  fourth  French  International  Exhibition 
was  opened  by  President  Carnot  in  1889  to 
commemorate  the  centenary  of  the  Revolution, 
the  visitors  to  which  numbered  over  25.000,000. 
One  of  its  chief  features  was  the  Eiffel  tower, 
of  iron,  984  feet  high.  The  series  of  exhibi- 
tions which  were  held  at  South  Kensington, 
London,  included  The  Fisheries  (1883),  The 
Health  (1884).  The  Inventions  (1885)  and  the 
Exhibition  of  Colonial  and  Indian  products 

(1886)  ;  the  latter  of  which  was  visited  by 
5,550,749  visitors.  Besides  these,  exhibitions 
have  been  held  in  Edinburgh  (1886),  at  which 
there    were    2,769,632    visitors;  Manchester 

(1887)  at  which  there  were  4,765,000  visitors; 
and  Glasgow  (1888),  with  5,748,379  visitors.  In 
1899-1900  a  huge  International  Exhibition  was 
held  at  Paris,  but,  though  visited  by  about 
47,000,000  persons,  was  not  a  financial  success. 
It  occupied  the  Champ  de  Mars  and  extensive 
areas  on  both  sides  of  the  Seine. 

In  1893  the  fourth  centenary  of  the  discovery 
of  America  bv  Columbus  was" celebrated  by  the 
World's  Columbian  Exposition,  at  Chicago.  It 
excelled  all  predecessors  in  conception,  scope 
and  grandeur.  Every  nationality  contributed  to 
the  exhibits  and  many  countries  possessed  their, 
own  buildings.  The  "White  City,"  as  it  was 
called,  was  opened  by  President  Cleveland  1 
May  and  closed  30  October.  It  occupied  about 
600  acres,  at  Jackson  Park,  on  the  shore  of  Lake 
Michigan,  including  the  "Midway  Plaisance* 
Nearly  ever)'  State  in  the  Union  was  represented 
by  its  own  edifice.  The  principal  buildings  were 
Machinery  Hall,  the  Art  Palace  and  those  de- 
voted to  transportation,  mining;  electricity,  agri- 
culture, manufacture  and  liberal  arts  (cover- 
ing 44  acres),  government,  administration,  fish- 
cries,  horticulture  and  anthropology.  The  total 
admissions  for  the  period  named  were  27,- 
539,521,  and  the  receipts  from  this  source 
$10,317,814.  The  largest  attendance  on  any  one 
day  — Chicago  day,  9  October  — was  716,881. 
Other  notable  exhibitions  in  the  United  States 
were  the  California  Mid-Winter  Exhibition, 
held  in  San  Francisco  in  1894;  the  Cotton 
States  and  Industrial  Exposition  held  in  Atlanta, 
Ga.,  September  to  December  1895;  the  Ten- 
nessee Centennial  Exposition,  held  in  Nashville, 
Tcnn.,  1  May  to  31  Oct.  1897;  the  Trans- 
Mississippi  Exposition  in  Omaha,  Neb.,  1  June 
to  1  Nov.  1898;  the  Pan- American  Exposition, 
in  Buffalo,  N.  Y.,  from  1  May  to  2  Nov.  1901 ; 
the  South  Carolina  Inter-State  and  West  Indian 
Exposition,  held  in  Charleston,  from  1  Dec. 
1901  to  1  June  1902,  and  the  World  s  Fair  at 
Saint  Louis,  Mo.,  in  1904,  in  celebration  of  the 
Louisiana  Purchase,  drew  19,694,855  attend- 
ance and  cost  $15,000,000;  the  Lewis  and  Clark 
Exposition  in  Portland,  Ore.,  1  June  to  15  Oct. 
1905;  the  Jamestown  Tercentenary  Exposition, 
at  Hampton  Roads,  Va..  26  April  to  30  Nov. 
1907;  the  Alaska-Yukon-Pacific  Exposition 
at  Seattle,  Wash.,  1  June  to  30  Nov.  1909;  the 
Panama-Pacific  Exposition,  to  celebrate  the 
opening  of  the  Panama  Canal,  held  at  San 
Francisco,  20  Feb.  to  4  Dec.  1915,  drawing  a 
total  attendance  of  18,871.957;  the  Panama- 
California  Exposition,  at  San  Diego,  Cal.,  1 
Jan.  to  31  Dec  191 

The  Brussi  N  Exposition  in  Belgium,  23 
April  to  14  Nov.  1910,  drew  13,000.000  people; 


the  Turin  Exposition,  30  April  to  31  Oct.  1911, 
celebrated  the  50th  anniversary  of  Italy  as  a 
kingdom.   See  Fairs  and  Shows. 

EXPOSITION  OF  ORACLES  OF  THE 
LORD  by  Papias  of  Hicrapolis,  an  important 
Greek  work  in  five  books  to  which  the  date 
145-60  is  assigned.  It  is  described  by  Lightioot 
as  "among  the  earliest  forerunners  of  com- 
mentaries, partly  explanatory,  partly  illustrative, 
on  portions  of  the  New  Testament,"  and  is  a 
connecting  link  between  the  Apostolic  and  the 
Apologetic  ages,  explaining  the  less  understood 
of  Christ's  sayings  in  the  light  of  definite  Apos- 
tolic traditions  concerning  them.  No  complete 
copy  of  the  work  has  been  discovered,  but  it  is 
known  through  the  excerpts  quoted  by  the  early 
Christian  Fathers  Irenaeus  and  Eusebius.  See 
Papias. 

EXPOSITION  OF  THE  SACRAMENT, 

in  the  Roman  Catholic  ritual,  the  public  showing 
of  the  Blessed  Sacrament,  accompanied  with 
certain  ceremonies,  for  the  veneration  of  the 
faithful.  Until  the  16th  century  the  practice 
was  not  general,  taking  place  only  on  the  feast 
of  Corpus  Christi,  but  within  the  last  300  years 
the  practice  has  become  general.  Formerly 
permission  of  the  bishop  was  required  for  an 
exposition.  The  40-hour  adoration  is  now  a 
common  practi'  e  in  the  larger  Catholic  centres 
even  in  the  United  States.  The  ceremony  is 
begun  and  ended  with  a  mass.  Consult  Maier, 
'Die  liturgische  Bchandlung  des  Allerheiligsten 
ausser  dem  Opfer  der  hciligcn  Mcsse*  (Ratis- 
bon  1860)  and  Raible,  "Der  Tabernakcl  einst 
und  jctzt'  (Freiburg  1908). 

EXPRESS  SERVICE.  A  transportation 
system  for  parcels  which  require  a  safer  and 
quicker  delivery  than  can  be  had  through  the 
common  freight  service. 

The  creation  and  development  of  express 
service  in  the  United  States  and  the  extension 
of  the  American  express  system,  under  Ameri- 
can control,  throughout  the  length  and  breadth 
of  the  civilized  world  and  beyond,  affords  con- 
vincing proof  of  unique  constructive  and  ad- 
ministrative genius  along  the  lines  of  greatest 
utility  to  mankind. 

One  of  the  most  prominent,  succesful 
and  progressive  express  companies,  now  operat- 
ing on  every  continent,  began  some  70  years 
ago  with  a  simple  service  for  delivery  of  pack- 
ages between  a  few  Eastern  and  Western  points. 
To-day,  the  same  organization  has,  in  addition 
to  traffic  in  the  United  States,  British  North 
America  and  the  Latin-American  republics,  at 
least  a  dozen  agencies  with  commodious 
quarters  on  leading  thoroughfares  in  principal 
European  cities,  each  fully  equipped  with  men, 
wagons  and  horses  for  the  most  rapid  and 
effective  express  service. 

As  part  of  its  routine  business,  the  company 
is  in  touch  with  30  of  the  world's  largest 
banking  institutions  and  has  shipping  and  bank- 
ing correspondents  at  all  large  cities  and  ports 
in  both  hemispheres.  As  a  means  of  companion 
with  express  conditions  of  half  a  century  ago, 
when  the  system  was  merely  an  adjunct  to  the 
railroads,  a  brief  outline  of  the  work  now 
being  carried  on  in  progressive  express  com- 
panies will  be  of  interest.  Since  the  express 
plan  first  began,  in  1838,  the  relations  of 
the  railroads  toward  the  express  companies 
have,  by  mutual  consent  and  to  meet  ever- 


Digitized  by*Google 


668  EXPRESS 

growing  demands,  been  reversed.  The  rail- 
roads, in  their  own  interests,  so  far  as  carriage 
of  express  freight  is  concerned,  arc  now  ad- 
juncts of  the  express  companies. 

The  most  modern  American  express  serv- 
ice, when  conducted  on  a  large  scale,  is  con- 
ducted under  five  divisions:  (1)  The  transporta- 
tion of  merchandise;  (2)  transfer  of  money, 
precious  stones  and  other  valuables,  securities, 
etc.;  (3)  purchasing  and  selling  merchandise; 
(4)  forwarding  of  imports  and  exports;  (5) 
issuance  of  money  orders,  letters  of  credit, 
travelers'  checks  and  the  transmission  of  money 
by  telegraph. 

The  "check*  system  has  been  so  perfected 
that  travelers  in  foreign  countries  save  time  and 
avoid  delay  by  their  use,  as  they  are  promptly 
recognized  and  cheerfully  cashed  or  accepted 
by  the  principal  hotels,  steamship  and  sleeping- 
car  companies,  by  many  railroad  companies  and 
by  merchants,  shopkeepers  and  others,  in  settle- 
ment of  accounts.  They  are  issued  in  the 
denominations  $10,  $20,  $50,  $100  and  $200. 

For  those  traveling  in  the  United  States, 
Canada,  Mexico,  Central  and  South  America, 
these  checks  afford  the  advantages  of  a  secure 
and  convenient  means  of  carrying  funds  imme- 
diately available,  combined  with  the  avoidance 
of  the  risk  of  loss  of  money  by  fire  or  destruc- 
tion and  of  annoyance  of  negotiating  personal 
checks  in  places  where  such  may  be  unaccept- 
able. Being  cashed  by  agents  of  the  companies 
and  by  banks  in  all  the  principal  cities  and 
pleasure  resorts  of  the  United  States,  the 
Canadas,  Mexico,  Cuba,  Central  and  South 
America,  accepted  in  payment  of  fares  by 
the  principal  steamship  companies  and  many 
railroad  companies  throughout  the  United 
States  and  received  as  cash  by  agents  and  con- 
ductors of  the  Pullman  Palace  Car  Company 
and  by  many  hotels  in  settlement  of  account, 
travelers'  checks  are  found  to  be  a  most  satis- 
factory form  of  credit  for  use  during  a  tour. 

•Letters  of  Credit"  now  form  a  usual  ex- 
press office  specialty.  These  documents  are 
drawn  in  sterling  and  arc  available  in  all 
parts  of  the  world.  Through  the  Letters  of 
Credit  system,  checks  may  be  obtained  from  ex- 
press agencies  at  all  important  points.  Every 
foreign  express  correspondent  has  a  cable 
address,  also  every  express  agency. 

The  BC.  O.  D.n  system  and  bank  of  ac- 
count collection  are  among  the  useful  develop- 
ments of  express  service.  "C.  O.  D."  shipments 
are  subject  to  collection  of  bill  or  invoice  for 
the  goods,  with  prompt  return  of  proceeds  made 
at  a  small  charge  for  such  service.  C.  O.  D. 
shipments  to  foreign  countries  are  usually  made 
under  the  same  system  as  applies  to  domestic 
points. 

Several  of  the  big  express  companies  at- 
tend to  the  collection  of  accounts,  bills,  notes, 
drafts,  etc.,  in  any  part  of  the  commercial 
world.  Collections  in  United  States  and  Canada 
are  effected  with  unusual  promptness  and  at 
less  risk  and  cost  to  payee  than  by  oJher  meth- 
ods. Collections  in  foreign  countries  of  drafts 
or  deposits,  or  by  powers  of  attorney,  arc 
undertaken  by  express  companies  through  their 
own  organizations  in  Europe  or  through  bank- 
ing correspondents.  The  proceeds  of  C.  O.  D.'s 
or  collections  arc  transferred  bv  cable  when 
patrons  desire,  with  a  charge  for  collecting, 
plus  only  the  cost  of  cablegrams. 
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The  transfer  of  money  is  another  useful 
and  much  appreciated  feature  of  express  serv- 
ice. Purchases  are  made  and  commissions 
executed  for  patrons,  in  the  quickest  possible 
time,  at  places  in  United  States,  Canada  and 
Europe,  by  a  special  department.  Besides 
attending  to  orders  for  the  purchase  or  sale 
of  goods  and  property,  including  household 
supplies,  this  department  pays  tax  bills,  re- 
deems articles  pawned,  collects  baggage  at 
railroad  stations,  secures  seats  at  '  theatres, 
berths  on  sleeping  cars,  staterooms  on  steam- 
boats, baggage  and  staterooms  on  European 
steamers.  Rare  goods  or  books  or  articles 
requiring  exact  matching,  or  the  maker  or 
seller  of  which  is  unknown,  are  obtained 
without  annoyance  or  loss  of  time  to  patrons. 

Imports  and  exports  of  every  class  and 
size  arc  handled  by  express  companies  as  a  part 
of  their  regular  business.  Bills  of  lading,  bills 
of  exchange  and  all  other  documents  of  that 
character  arc  prepared  and  attended  to  from 
first  to  last. 

Money  orders  and  drafts  are  issued  by  sev- 
eral express  companies  for  any  amount,  at  the 
posted  rate  of  exchange,  in  sterling,  francs,  lire, 
lei,  marks,  kroner,  rubles,  kronen,  gulden,  fin- 
marks,  Turkish  pounds,  Mexican  dollars,  local 
dollars,  pesos,  rupees,  yen  and  United  States 
dollars  on  all  parts  of  the  commercial  world. 

The  regular  transportation  service  of  ex- 
press companies  includes  merchandise,  par- 
cels, produce,  money,  bonds,  valuables  and 
baggage.  The  routes  extend  over  250,000 
miles  of  railroads  in  the  United  States  alone. 
Shipments  arc  frequently  made  in  through 
express  cars  with  burglar  and  fire-proof  safes 
for  valuables  and  iron  express  trunks  for  par- 
cels, all  in  charge  of  special  armed  messengers. 
The  swiftest  trains  arc  almost  invariably  used 
for  express  service.  The  aim  of  the  com- 
panies is  to  cover  the  ground  in  the  least  time 
at  the  lowest  rates.  They  accept  entire  respon- 
sibility for  loss  or  damage.  Some  express  com- 
panies run  special  express  trains  to  facilitate 
business  during  very  busy  seasons.  Other  com- 
panies have  this  feature  as  a  permanent  arrange- 
ment. 

Novel  and  highly  useful  features  of  the  most 
modern  express  service  arc  the  securing  of 
ocean  passages,  European  railroad  tickets  and 
passports  for  patrons  at  a  nominal  charge.  It 
is  only  necessary  for  those  who  desire  to  utilize 
express  companies  in  this  way  to  state  their 
wishes  —  the  companies  do  the  rest  rapidly,  per- 
fectly and  inexpensively. 

So  much  for  the  work-scope  of  express  com- 
panies to-day  as  compared  with  that  of  earlier 
periods.  Before  reviewing  briefly  the  evolu- 
tionary processes  connected  with  express  serv- 
ice developments  it  may  be  well  to  mention 
what  has  been  brought  about  through  the  use  of 
express  enterprise  and  by  such  methods  as  are 
peculiar  to  the  service. 

1.  The  creation  of  wagon  service,  and,  in 
connection  with  this,  special  cars  and  trains  for 
transportation  of  express  matter  at  high  speed 

2.  The  creation  of  transportation  business 
for  carriage  to  and  from  all  advantageous  pro- 
ducing points  of  game,  poultry,  fish,  oysters 
and  fruit  to  localities  where  these  commodities 
arc  not  easily  obtainable. 

3.  The  creation  of  a  novel  method  of  selling 
goods  for  merchants  by  collecting  on  delivery 
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the  amount  of  invoice  and  returning  cash  to 
the  shipper. 

4.  The  creation  of  a  method  of  collecting 
the  proceeds  of  negotiable  paper  and  assuming, 
for  the  time  being,  responsibility  of  endorsers. 

5.  The  creation  of  an  efficient  means  of  safe 
transportation  of  moneys  and  valuables  shipped 
by  individual  citizens  and  by  firms,  banks,  rail- 
roads and  the  government.  As  much  as  $4,000,- 
000,000  have  been  shipped  in  the  United  States 
through  the  express  companies  in  a  single  year 
in  this  manner. 

6.  The  creation  of  a  vast  and  perfect  net- 
work of  money-order  agencies.  The  present 
number  of  these  agencies  is  estimated  at  40,000. 

7.  The  creation  of  improved  facilities  for 
immediate  transportation  of  foreign  goods  from 
ports  of  entry  to  destination.  Heavy  bonds  are 
demanded  by  the  government  and  given  for 
proper  execution  of  this  service. 

Commonly,  the  express  company  owns  its 
terminal  facilities,  and  rents  from  the  railroads 
the  cars  on  which  its  traffic  is  carried.  These 
cars  are  usually  attached  to  the  regular  passen- 
ger trains,  and  the  employees  of  the  express 
company  accompany  the  shipments,  and  attend 
to  the  delivery  to  local  agents  along  the  route. 
The  contract  with  the  railroad  company  secures 
to  the  express  company  exclusive  rights  to  oper- 
ate over  that  line.  For  the  privileges  conveyed 
the  railroad  company  receives  from  45  to  55 
per  cent  of  the  gross  collections  on  the  mer- 
chandise traffic  In  some  instances,  however, 
the  share  of  the  railroad  reaches  60  per  cent, 
and  even  70  per  cent,  and  in  a  few  exceptional 
cases  all  of  the  express  earnings  in  excess  of 
the  actual  expenses  are  paid  to  the  railroad. 

Under  the  law  the  express  company  is  a 
common  carrier,  and  its  rates  are  under  the 
supervision  and  control  of  the  Interstate  Com- 
merce Commission  —  as  well  as  under  the  ju- 
risdiction of  State  Railway  Commissions  in 
most,  of  the  States.  For  the  purpose  of  fixing 
rates  the  Interstate  Commerce  Commission  has 
divided  the  area  of  the  United  States  into  five 
great  zones  :  ( 1 )  The  country  lying  east  of  the 
Mississippi  River  and  north  of  the  Ohio  River: 
in  this  zone  the  minimum  rate  per  100  pounds 
has  been  fixed  at  60  cents.  (2)  The  country 
lying  south  of  the  Ohio  River  and  cast  of  the 
Mississippi,  together  with  a  small  section  west 
of  this  river:  in  this  zone  the  minimum  rate 
per  100  pounds  is  65  cents.  (3)  The  trans- 
Mississippi  country  extending  to  the  intermoun- 
tain  section :  in  this  zone  the  minimum  rate  per 
100  pounds  is  70  cents.  (4)  The  intcrmountain 
country:  in  this  zone  the  minimum  rate  per 
100  pounds  is  $105.  (5)  The  Pacific  Coast 
States,  in  which  the  minimum  rate  per  100 
pounds  is  70  cents.  The  whole  territory  is 
divided  into  950  "blocks1*  having  a  uniform 
length  of  69  miles,  and  widths  which  vary  from 
45  miles  along  the  northern  border  to  62  miles 
along  the  southern  border;  in  about  100  of  these 
blocks  there  arc  no  express  offices.  The  blocks 
are  subdivided  into  "squares'*  or  sub-blocks. 
The  blocks  arc  designated  by  numbers  running 
in  series  from  right  to  left  across  the  map,  the 
northernmost  row  beginning  with  101.  the  next 
row  toward  the  south  beginning  with  201,  the 
next  southerly  row  beginning  with  301,  and  so 
on.  Transportation  is  then  designated  as  from 
403F  (Portland,  Oregon)  to  952A  (New  York, 
N.  Y.). 
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Express  charges  are  based  on  a  classification 
into  three  divisions:  (1)  ordinary  merchandise: 
(2)  specials ;  and  (3)  what  is  commonly  called 
"Section  D" —  newspapers,  books,  printed  mat- 
ter, seeds  and  scions,  etc.  Bulky  aud  fragile 
merchandise  is  charged  multiples  of  the  first- 
class  rates;  as,  for  example,  carriages  at  six 
times  first-class,  and  racing  shells  or  airships  at 
eight  times  the  first-class  rates.  As  is  the  case 
with  freight  traffic  on  railroads  there  has  been 
established  by  the  express  companies  a  schedule 
of  "commodity  rates"  which  allows  the  trans- 
portation of  merchandise  of  relatively  low  value 
at  a  reduction  from  the  regular  rates  (which 
would  be  prohibitive)— a  lower  class  rate  on 
carload  lots,  or  a  first-class  rate  on  goods  which 
would  regularly  take  several  times  that  rate. 
On  the  regular  tariff  the  limit  of  liability  on  the 
part  of  the  express  company  is  $50  on  a  ship- 
ment not  exceeding  100  pounds  in  weight.  If 
the  property  shipped  is  valued  at  more  than 
this  figure  the  rate  is  higher,  and  the  higher 
rate  must  be  paid  to  secure  the  full  value  of 
the  package  in  case  of  loss  or  damage.  The 
express  company  is  liable  only  to  the  extent  of 
the  valuation  declared  by  the  shipper,  and  when 
the  full  charges  have  been  paid  or  charged  on 
that  valuation. 

Origin  and  Evolution  of  the  Express  Idea. 
—  The  ^Express*  idea  sprang  from  the  system 
of  sending  parcels  in  care  of  coach-drivers,  by 
stage-coach,  and  from  the  shipping  of  such  par- 
cels in  care  of  captains,  bv  coasting  vessels. 

When  the  railroads  took  the  place,  gradually, 
of  the  coaches,  much  parcel  traffic  was  per- 
formed by  means  of  the  steam  cars.  Then  the 
conductors  of  these  cars  had  to  assume  respon- 
sibility for  safe-keeping.  _  Eventually,  this 
transfer  overcrowded  them  with  work  A  divi- 
sion of  duties  naturally  followed.  Finally,  the 
railroads  insisted  that  their  employees  should 
choose  between  railroad  and  the  supplemental 
delivery  traffic. 

The  principal  events  following  this  decision 
were :  ■ 

1838-39.  The  starting  of  an  express  com- 
pany to  operate  in  New  England.  Alvjn 
Adams,  who  later  began  business  for  himself  in 
New  York,  was  with  this  company. 

1839.  "Harnden's  Express*  started  between 
New  York  and  Boston. 

1840.  "Adams'  Express*  began  operations 
between  the  same  points. 

1840-45.  Other  expresses  opened  up  busi- 
ness, extending  service  to  Philadelphia,  Balti- 
more, Washington.  Buffalo,  Pittsburgh,  Detroit, 
Chicago,  Cincinnati,  Louisville,  Saint  Louis  and 
New  Orleans. 

The  men  most  active  in  the  new  field  at  this 
time  were  William  F.  Harnden.  William  B. 
Dunsmore,  Henry  Wells,  Edward  P.  Sanford, 
Samuel  M.  Shoemaker,  Johnston  Livingston, 
and  William  G.  Fargo. 

Almost  all  of  the  western  transportation  was 
carried  onxjvcr  the  Ohio,  Mississippi  and  Mis- 
souri rivers,  with  their  tributaries,  which  in- 
cluded canals  then  recently  completed  in  several 
of  the  States  to  connect  those  rivers  with  the 
lakes. 

From  1840  the  construction  of  railroads  con- 
tinued uninterruptedly,  express  business  ex- 
panding in  proportion.  Then  came  the  inaugu- 
ration of  express  "continuous  lines »  enabling 
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goods  to  be  carried  quickly  between  many 
points  without  transfers. 

At  this  period  people  sent  their  letters  by 
express  as  being  safer  than  the  government's 
mail  service.  In  course  of  time  the  authorities 
at  Washington  protested,  and  finally  prohibited 
by  law  the  private  conveyance,  without  United 
States  contract,  of  private  letters. 

1848.  The  stampede  of  gold-seekers,  1848- 
49,  to  California,  brought  out  a  great  extension 
of  the  express  system.  Money  and  gold-dust 
were  transmitted  direct  from  the  coast  to  east- 
ern points  through  the  express  companies,  many 
new  agencies  being  established  for  the  purpose. 

1854.  In  this  year  a  consolidation  of  express 
interests  took  place.  «Adams  &  Co.0  bought 
up  Harnden's  business  and  worked  several 
minor  Eastern  routes  and  secured  the  right  to 
much  Southern  traffic. 

During  the  same  year  the  "American  Ex- 
press Co."  first  established  in  1841  was  formally 
organized,  to  operate  from  the  East  to  the  Far 
West. 

The  "United  States"  express  also  came  into 
existence  in  1854  to  operate  along  the  New 
York  and  Erie  Railroad  and  the  route  running 
westward. 

1854-55.  About  this  time  "Wells,  Fargo  & 
Co."  were  organized.  They  started  the  famous 
•Pony  Express*  and  several  stage  lines  Other 
firms  competed  in  these  special  forms  of  rapid 
transportation. 

1855.  The  "National"  Express  Company  be- 
gan operations  in  this  year,  with  routes  between 
New  York,  Albany,  Troy,  Saratoga,  Whitehall, 
Rutland  and  Montreal. 

1858.  Wells,  Fargo  and  Company  and  the 
Pony  Express  lines  organized  the  "Overland 
Mail  Co.,"  which,  until  the  completion  of  the 
Union  Pacific  Railroad,  carried  the  whole  of 
the  United  States  mails  between  the  Missouri 
River  and  the  Pacific  Coast.  By  this  time  the 
express  had  become  a  recognized  necessity  in 
the  commercial  and  individual  transactions  of 
the  country.  Its  lines  had  amplified  in  every 
direction.  It  had  attracted  to  itself  sufficient 
capital  to  place  it  on  a  firm  financial  basis. 
Obligations  to  ensure  the  safe  and  speedy 
transmission  of  merchandise,  valuables  and 
money  were  readily  assumed.  When  loss  or 
damage  occurred,  due  reparation  was  promptly 
made.  Thieves  were  and  are,  t<  -day,  followed 
up  by  them  until  caught  and  punished. 

1861.  Henry  S.  Plant  and  associates  organ- 
ized the  "Southern  Express  Co.,"  which 
operated  principally  in  the  Southern  States. 

1861-65.  Upon  the  breaking  r  ut  of  hostilities, 
the  express  was  the  only  means  of  communica- 
tion between  soldiers  in  the  field  and  their 
friends  at  home.  Government  securities,  being 
purchased  largely  by  the  people,  were  sent  by 
government  through  the  express,  it  being  offi- 
cially recognized  that,  during  that  critical 
period,  the  express  was  much  safer  than  the 
official  mail  service. 

After  the  war  a  contract  was  made  bv  the 
United  States  government  with  the  Adams  Ex- 
press Company,  actinc  for  itself  and  other 
companies,  tn  transmit  all  securities  and  moneys 
of  the  government  by  express. 

1865-1918.  This  period  represents  a  phe- 
nomenal growth  of  the  express  movement.  The 
present  organization  of  the  great  companies, 
each  with  experience  of  over  half  a  century  to 
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guide  it,  is  practically  perfect  in  its  workings, 
and  labors  continuously  at  high  tension  to  keep 
even  pace  with  calls  which  increase  day  by  day 

The  establishment  of  the  parcel  post  in  1913 
and  its  subsequent  extension  to  larger  packages 
had  marked  effect  on  the  business  of  the  ex- 
press companies.  A  scaling  down  of  rates  by 
the  Interstate  Commerce  Commission  in  1914 
seemed  likely  to  affect  the  financial  condition  of 
the  companies.  The  United  States  Express 
Company  retired  from  business  on  30  June 
1914.  But  the  later  years  have  witnessed  but 
little  diminution  of  the  bulk  of  the  traffic  and 
the  profits.  For  valuable  packages  and  for 
promptness  in  transmission  and  delivery  the 
express  company  is  an  unequalled  public  utility 

The  first  statistics  of  the  express  business 
were  gathered  in  1890.  In  that  year  18  com- 
panies were  operating  over  routes  which  aggre- 
gated 174,060  miles.  At  the  close  of  the  fiscal 
year  which  ended  30  June  1916,  the  general 
business  was  in  the  hands  of  eight  companies 
operating  over  a  total  of  297,139  miles:  of  this, 
253,750  miles  were  on  steam  railroads,  and 
43,389  miles  on  other  routes  —  electric  railways, 
steamboats  and  stage  routes.  The  mileage 
served  was  divided  among  the  companies  as 
follows:  Wells,  Fargo  and  Company.  107.529 
miles;  American,  74,280  mires;  Adams,  45,153 
miles;  Southern  34.765  miles;  Canadian.  12.050 
miles;  Great  Northern,  9,838  miles;  Northern. 
6,275  miles ;  and  Western,  5,249  miles.  The 
combined  revenues  of  all  the  companies  for  the 
fiscal  year  were  $173,709,411,  of  which  sum 
$172,655,204  was  from  the  ordinary  domestic 
express  transportation  business.  Out  of  these 
revenues  the  express  companies  paid  for  ex- 
clusive privileges  and  transportation  of 
merchandise  to  the  carrying  companies,  $87,- 
971,137,  leaving  their  net  revenues  at  $85,971,- 
136.  To  this  was  added  an  income  of  $5,497,238 
from  the  money-order  and  similar  non-trans- 
portation business.  Out  of  the  net  revenues, 
$68,020,529  was  paid  out  in  expenses,  and  $4.- 
527,474  for  maintenance.  Taxes  amounted  to 
$1,548,761,  and  the  total  net  profit  on  the  year's 
business  was  $10,560,650. 

The  largest  carrying  business  was  done  by 
the  American  Express  Company,  amounting  to 
$57,039,124;  Wells,  Fargo  and  Company  were 
second,  with  $45,366,216;  and  Adams  Express 
Company  third,  with  $42,018,735.  The  largest 
net  profit  was  made  by  the  Southern  Express 
Company,  9.5  per  cent  on  the  year's  business; 
as  compared  with  6.3  per  cent  by  Wells.  Fargo 
and  Company;  5.8  per  cent  by  the  American 
Express  Company;  and  5  per  cent  by  Adams 
Express  Company. 

The  latest  available  official  statistics  as  to 
the  capital,  property  and  equipment  of  express 
companies  in  the  United  States  are  those  for 
the  fiscal  year  ended  30  June  1914.  In  that 
year  the  combined  working  capital  of  all  the 
large  companies  amounted  to  $186,815,747,  of 
which  sum  $75,760,300  was  stock  The  real  es- 
tate owned  was  valued  at  $16,446,269.  and  the 
equipment  at  $17,547,845:  the  latter  sum  in- 
cluded 155  railroad  cars  valued  at  $603,787. 
The  number  of  money  orders,  travelers'  checks, 
letters  of  credit,  telegraphic  transfers  of 
money,  etc.,  was  24.209695.  representing  the 
aggregate  sum  of  $537,099,796. 

Consult  Chandler,  W.  C,  'The  Express 
Service  and  Rates>  (Chicago  1914)  ;  Interstate 
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Commerce  Commission,  Document  4198,  'Ex- 
press Rates,  Practices,  Accounts  and  Revenues » 
(Washington  .1913)  ;  and  the  annual  reports 
of  that  commission. 

EXPRESSED  OILS,  in  chemistry,  oils 
obtainable  from  bodies  by  pressing,  to  distin- 
guish them  from  mineral  and  essential  oils, 
which  last  arc  obtained  by  distillation. 

EXPRESSION.  Our  mental  states,  and 
particularly  our  emotions,  are  closely  linked 
with  certain  muscular  and  physiological  asso- 
ciates, which  are  exhibited  in  perhaps  the.  great- 
est detail  and  variety  by  the  muscles  and  blood 
vessels  of  the  face.  These  associates  are  de- 
nominated expressions ;  they  include  not  only 
the  visible  muscular  and  vascular  phenomena 
which  have  already  been  indicated,  but  also  a 
vast  number  of  more  or  less  obscure  respiratory, 
circulatory  and  secretory  changes.  These 
changes  and  movements  arc  at  times  striking 
in  their  apparent  inutility,  so  that  much  labor 
has  been  spent  in  the  effort  to  elucidate  their 
reason  for  being.  The  first  explanation  of  the 
expressions  which  possess  much  interest  at  the 
present  day  is  that  of  Darwin.  In  accordance 
with  his  evolutionism,  he  regards  many  emo- 
tional expressions  as  rudiments  of  actions  which 
have  been  useful  to  the  animal  either  in  its 
individual  history  or  in  the  history  of  the  race. 
An  acquired  example  of  this  sort  is  the  point- 
ing of  the  pointer  dog.  Other  expressions  are 
held  to  be  the  result  of  tendencies  opposing 
those  which  would  be  called  into  play  by  the 
opposing  emotion.  A  dog  approaching  its 
master  playfully  will  evince  in  its  relaxed 
muscles,  in  its  bent  back,  in  its  flexed  limbs, 
in  its  wagging  tail  and  ears  laid  back,  actions 
'exactly  the  opposite  of  the  tense  sinews,  the 
straight  back  and  forward  pointed  head,  the 
rigid  extended  limbs,  the  uplifted  tail  and  ears 
which  betoken  its  desire  to  attack  another  dog 
and  serve  to  frighten  its  antagonist  or  to  facili- 
tate its  attack.  The  third  factor  in  the  produc- 
tion of  emotional  expression,  according  to 
Darwin,  is  the  direct  overflow  of  the  excited 
nervous  system  into  motor  channels,  as  in  the 
case  of  trembling  from  fear. 

Wundt  retains  Darwin's  third  principle  of 
expression,  but  replaces  the  other  two  by  the 
principle  of  association,  which  causes  an  ex- 
perience to  assume  the  physical  correlates  of 
related  experience,  and  the  principle  of  the 
connection  of  movement  with  sense-ideas,  which 
includes  all  cases  of  movements  which  indicate 
or  symbolise  the  object  of  the  emotion  or  its 
desired  result.  The  facial  expression  of  dis- 
like is  an  example  of  the  former  of  these  prin- 
ciples ;  it  represents  an  attempt  to  eliminate  a 
bitter-tasting  substance  from  those  parts  of  the 
mouth  where  it  will  be  tasted  most.  Exemples 
of  the  second  principle  are  the  stare  of  surprise 
or  the  clenching  of  the  fist  in  anger. 

James  retains  Darwin's  first  principle  that 
many  expressions  are  rudimentary  purposeful 
actions,  and  Darwin's  third  principle  of  nervous 
overflow.  He  adds  to  these  what  is  equivalent 
to  Wundt's  principle  of  the  association  of 
analogous  sensations,  and  two  new  explana- 
tions of  expression.  The  first  of  these  is 
that  not  only  are  formerly  useful  emotional 
expressions  retained  as  rudiments,  but  that  their 
physiological  consequences  and  concomitants 
undergo  a  like  atrophy  and  schematisation.  Be- 
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sides  all  these,  there  is  a  class  of  reactions  sus- 
ceptible to  no  very  simple  explanation.  These 
have  been  perpetuated  in  a  more  or  less 
mechanical  manner,  independently  of  their  mode 
of  origin.  Perhaps  the  greater  number  of  facial 
expressions  belong  to  this  class. 

In  accordance  with  the  Jamcs-Lange  theory 
of  the  emotions,  which  holds  that  they  are  con- 
stituted by  their  expressions,  James  maintains 
that  there  are  distinct  and  different  expressions 
of  every  emotion.  This  has  been  denied  by 
Cannon,  who  has  made  perhaps  the  most 
thorough  physiological  investigation  into  the 
actual  nature  of  emotional  expression.  He 
finds  that  all  intense  emotions  are  characterized 
by  the  increased  secretion  of  adrenalin  and  the 
liberation  of  the  carbohydrates  stored  in  the 
liver.  These  reactions  are  directly  serviceable 
to  the  individual  in  whom  they  happen  (1)  be- 
cause they  cause  the  blood  to  be  driven  from 
the  abdominal  viscera  to  the  muscles,  heart,  brain 
and  lungs,  where  it  is  more  needed  in  any 
sudden  action ;  (2)  because  they  release  an  im- 
mediately available  store  of  energy;  (3)  because 
they  cause  the  heart  to  act  more  vigorously 
and  more  rapidly;  (4)  because  they  increase 
the  clotting  power  of  the  blood  and  decrease 
haemorrhage  in  case  of  injury.  The  milder 
emotions,  on  the  other  hand,  are  characterized 
by  a  directly  antithetical  physiological  process, 
in  which  the  normal  action  of  the  digestive 
system  and  other  abdominal  vicera  is  helped 
rather  than  hindered.  The  milder  emotions  are 
associated  with  a  preponderant  activity  of  the 
cerebro-spinal  nervous  system,  while  the  violent 
ones  belong  rather  to  the  sympathetic  system. 
See  Emotion. 

Bibliography. —  Cannon,  W.  B.,  'Bodily 
Change  in  Pain,  Hunger,  Fear  and  Rage*  (New 
York  1915)  ;  Darwin,  'The  Expression  of  the 
Emotions  in  Man  and  Animals'  (London  1873)  ; 
lames,  W.f  'Principles  of  Psychology*  (New 
York  1890)  ;  Mantcgazza,  P.,  'Physiognomy  and 
Expression*  (3d  cd.,  London  1904)  ;  Warner, 
F.;  'Physical  Expression'  (New  York  1886)  ; 
Wundt,  'Grundziige  der  Physiologischen  Psy- 
chologic' (Leipzig  1911)  ;  'Volkerpsychologie' 
(Leipzig  1900). 

EXPULSION.  Usually  this  word  is  used 
to  describe  the  act  of  depriving  one  or  more 
members  of  a  political  or  corporate  organiza- 
tion, or  of  a  society  of  their  right  of  member- 
ship. The  act  is  frequently  brought  about  by  a 
vote  of  the  organization  or  society  after  the 
submission  of  a  committee  report,  for  some 
violation  of  duty  or  some  other  offense  render- 
ing such  member  or  members,  in  the  opinion 
of  their  associates,  unfit  or  unworthy. 

It  is  provided  in  the  Constitution  of  the 
United  States  that  the  members  of  the  Senate 
or  House  of  Representatives  may  expel  mem- 
bers of  their  respective  bodies,  by  a  two-thirds 
vote,  for  disorderly  conduct. 

Corporations  have  the  right  of  expulsion  in 
cases  where  good  order  and  proper  control 
make  the  exercise  of  such  power  essential  as. 
for  example,  (1)  when  the  offense  is  not  within 
corporate  duties,  but  nevertheless  disgraceful 
or  infamous,  or  (2)  when  the  offense  is  against 
his  duty  as  a  corporation  member  or  officer  or 
director  or  (3)  when  the  offense  is  of  such  a 
character  as  to  infringe  corporation  rules  and 
the  statutes  at  the  same  time. 
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Before  a  person  can  be  expelled  from  a  cor- 
poration or  society  for  disgraceful  conduct  out- 
side of  the  jurisdiction  of  such  organizations,  a 
previous  conviction  by  jury  is  necessary.  If 
the  offense  is  against  or  in  violation  of  cor- 
poration or  society  rules  or  duties,  a  trial  and 
conviction  may  be  had  before  the  authorities  of 
the  organization. 

The  word  "expulsion*  is  also  used  to  de- 
scribe the  ejection  of  people  from  meetings 
when  they  create  a  disturbance  or  otherwise 
make  their  presence  obnoxious.  Those  who 
convene  meetings  have,  under  the  law,  the  right 
to  expel  objectionable  persons,  providing  they 
use  only  as  much  force  as  is  necessary  for  the 
purpose. 

Club  members  are  liable  to  expulsion  under 
the  rules  of  the  club  to  which  they  belong. 
They  have  an  appeal  to  the  courts  for  reinstate- 
ment on  the  ground  that  membership  in  a  club 
is  a  form  of  property. 

Non-members  of  any  organization,  if  present 
at  any  meeting  of  such  organizations,  are  liable 
to  expulsion. 

The  Constitution  of  the  United  States  pro- 
vides that  Federal  judges  cannot  be  expelled 
from  their  posts  during  good  behavior.  See 
Disfranchisement. 

EXPUNGING  RESOLUTION.  Sec 
Censure.  Congressional. 

EXTENDED  ORDER.  See  Infantry; 
Tactics,  Military. 

EXTENSION,  in  physics  and  metaphysics, 
that  property  of  a  body  by  which  it  occupies  a 
portion  of  space.  Extension  is  an  essential  as 
well  as  a  general  property  of  matter,  for  it 
is  impossible  to  form  a  conception  of  matter, 
however  minute  may  be  the  particle,  without 
connecting  with  it  the  idea  of  its  having  a  cer- 
tain bulk  and  occupying  a  certain  quantity  of 
space.  Every  body,  however  small,  must  have 
length,  breadth  and  thickness;  that  is,  it  must 
possess  the  property  of  extension.  Figure  or 
form  is  the  result  of  extension,  for  we  can- 
not conceive  that  a  body  has  length,  breadth 
and  thickness  without  its  having  some  kind  of 
figure,  however  irregular.  In  logic,  extension 
is  the  extent  of  the  application  of  a  general 
term,  that  is.  the  objects  collectively  which  are 
included  under  it;  thus  European  is  more  ex- 
tensive than  French,  Frenchman,  German,  etc. 
Matter  and  mind  are  the  most  extensive  terms 
of  which  any  definite  conception  can  be  formed. 
Extension  is  contrasted  with  comprehension  or 
intension.   See  Physics. 

EXTENSION.  While  our  spatial  experi- 
ences undoubtedly  contain  many  elements  which 
are  noted  for  a  peculiarly  spatial  nature,  the 
predominance  of  psychological  opinion  is  that 
certain  experiences  possess  the  unanalyzablc 
primitive  attribute  of  extension  Though  the 
existence  of  this  attribute  is  denied  by  W'undt 
and  is  attributed  to  all  sensations  by  James,  it 
is  generally  held  that  it  exists  and  is  confined  to 
cutaneous,  visual  and  possibly  to  kinesthetic 
sensations.  The  "vastnes<s»  which  James 
mentions  as  pertaining  to  such  experiences  as 
those  of  hearing  is  in  all  probability  a  complex 
of  various  degrees  of  intensity,  clearness  and 
other  sensorv  attributes. 

While  sight  and  touch  are  endowed  with 
the  attribute  of  extension,  this  extension  is 
only  two-dimensional.    Everything   which  we 
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see  is  stretched  out  over  the  surface  of  ;he  ret- 
ina, and  everywhere  we  feel  is  stretched  out 
over  the  surface  of  the  skin.  The  transition 
from  two  to  three  dimensions  involves  an  ap- 
peal to  experiences  which  are  neither  visual  nor 
cutaneous,  and  which,  in  a  large  measure,  are 
not  specifically  spatial.  In  the  case  of  vision 
these  arc  (i)  The  difference  between  the 
images  on  the  two  retina;.  (2)  The  experience 
of  strain  in  the  muscles  which  make  the  two 
lines  of  vision  converge.  (3)  The  experience 
of  strain  in  the  muscles  of  accommodation. 
(4)  The  experience  of  clearness  of  vision  when 
the  eye  is  focused  on  an  object,  and  of  blurrcd- 
ness  when  it  is  not.  (5)  Geometrical  perspec- 
tive. (6)  Atmospheric  perspective.  (7)  The 
partial  obliteration  of  more  remote  objects  by 
nearer  ones.  (8)  The  parallax  of  the  various 
objects  of  vision,  consequent  upon  motion  of 
the  head  or  of  the  entire  body.  (9)  The  visual 
angle  subtended  by  known  objects.  (10)  The 
effect  of  light  and  shade. 

In  the  case  of  touch,  the  muscle  and  joint 
sensations  indicating  the  position  of  the  various 
parts  of  the  body  are  of  the  utmost  importance 
in  giving  knowledge  of  the  third  dimension. 

The  various  tactile  and  kinesthetic  limina 
of  extension  are  discussed  under  Locality 
(q.v.).  At  the  fovea  of  the  eye,  the'  lower 
hmen  of  visibility,  or  "minimum  visibilc,*  is 
probably  the  angle  subtending  a  single  cone 
or  from  half  to  a  whole  minute  of  arc.  Ob- 
jects subtending  smaller  angles  can  be  per- 
ceived, and  even  compared  in  size,  but  it  ap- 
pears that  this  is  due  to  the  differences  in  the 
intensity  of  the  stimulus  exert  and  the  sensation 
they  cause,  quite  apart  from  the  extensity  of 
the  latter,  and  that  the  real  area  stimulated  is  at 
least  an  entire  cone.  The  least  distance  at 
which  two  objects  can  be  distinguished  is  about 
a  minute  of  arc  at  the  fovea,  but  near  the 
periphery  of  the  retina  it  is  as  great  as  two 
degrees  or  thereabouts.  The  sensation  experi- 
enced when  a  small  point  of  light  is  seen  often 
lacks  all  colors.  It  takes  a  larger  area  of 
stimulus  to  evoke  color,  and  often  a  still  larger 
area  to  evoke  the  color  which  we  should  nor- 
mally associate  with  the  source  of  light. 

Extension  obeys  Weber's  law  (q.v.).  The 
least  noticeable  increment  of  a  linear  visual  ob- 
ject is  about  one-fiftieth  the  length  of  the  latter, 
if  movement  of  the  eye  is  allowed.  It  is  con- 
siderably larger  when  the  eye  is  kept  at  rest ; 
but  as  is  obvious,  measurements  with  the  eye 
at  rest  are  by  no  means  easy.  The  field  of 
vision  is  rather  irregular  in  outline.  It  extends 
(from  a  line  connecting  the  centre  of  the  pupil 
to  the  macula  lutea)  about  80  degrees  outward, 
65  degrees  inward  and  65  degrees  downward. 
Of  this,  about  two-thirds  can  be  seen  by  both 
eyes.  (See  Space).  Consult  James  W.,  'Prin- 
ciples of  Psychology*  (New  York  1890)  j 
Kiilpe,  'Outlines  of  Psychology*  (I-ondon 
1909)  ;  Titchener,  E.  B.,  'Text- Book  of  Psychol- 
ogy* (New  York  1910) ;  Wundt,  'Grund- 
zugc  der  physiologischcn  Psychologic'  (Leip- 
zig 1908-11);  'Introduction  to  Psychology^ 
(London  1912). 

EXTENSION,  University.  Sec  Educa- 
tion;  UxtVKRSIlY  ExiF.NSIOX. 

EXTENSION  TEACHING.    Sec  Home 

Economics;  University  Extension. 
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EXTENUATING  CIRCUMSTANCES, 

in  legal  practice,  those  circumstances,  in  connec- 
tion either  with  the  position  of  the  prisoner  or 
with  the  act  alone,  which  are  taken  into  con- 
sideration by  the  court  in  mitigation  of  the 
punishment.  The  previous  good  character  of 
the  person  convicted  may  always  be  proved  as 
a  circumstance  giving  him  some  claim  to 
leniency  of  punishment.  Besides  character, 
there  are  other  circumstances,  the  presence  of 
which  in  a  case  sometimes  serves  to  mitigate 
the  sentence,  sometimes  to  take  the  act  done 
out  of  the  category  of  crime  altogether.  One 
is  youth.  Thus,  no  act  done  by  any  person 
under  seven  years  of  age  is  a  crime.  Defective 
mental  power  in  the  person  convicted  will 
always  be  considered  in  determining  the  sever- 
ity of  bis  sentence.  Such  disease  of  mind  as 
prevents  a  man  from  knowing  that  the  act 
he  does  is  wrong  will  excuse  him  from  the 
consequences  of  an  act  otherwise  criminal. 
Drunkenness,  when  voluntary,  is  not  held  an 
extenuating  circumstance,  but  if  a  man  is  made 
drunk  by  the  fraudulent  administration  of 
drugs,  and  while  under  their  influence  kills 
another,  not  knowing  what  he  does,  the  act  is 
not  a  crime.  It  is  a  good  excuse  for  persons 
charged  with  crime  that  they  have  been  com- 
pelled by  others  by  threats  of  death  or  great 
violence  to  do  the  criminal  act;  and  the  acts 
of  a  married  woman  in  presence  of  her  husband 
are  presumed  to  be  done  under  his  coercion, 
and  so,  unless  the  presumption  is  rebutted,  will 
be  excused.  Ignorance  of  the  law  is  no  excuse 
for  an  offense.  Nor,  in  general,  will  ignorance 
of  facts  be  a  good  excuse,  though  in  particular 
circumstances  it  might  form  a  valid  defense. 
Sir  James  Fttzjames  Stephen  states,  in  lan- 
guage purposely  vague,  to  represent  the  vague- 
ness of  the  law,  a  principle  under  which  the 
stress  of  necessity  is  held  to  excuse  acts  other- 
wise criminal:  "An  act  which  would  other- 
wise be  a  crime  may  in  some  cases  be  excused 
if  the  person  accused  can  show  that  it  was 
done  only  in  order  to  avoid  consequences  which 
could  not  otherwise  be  avoided,  and  which, 
if  they  had  been  followed,  would  have  inflicted 
on  him  or  on  others  whom  he  was  hound  to 
protect  inevitable  and  irreparable  evil,  that  no 
more  was  done  than  was  reasonably  necessary 
for  that  purpose,  and  that  the  evil  inflicted 
by  it  was  not  disproportionate  to  the  evil 
avoided.* 

EXTERIOR  BALLISTICS.  See  Gun- 
nery. 

EXTERIOR      BOUNDARIES.  See 

Boundaries  of  the  United  States. 

EXTERIOR  MURAL  PAINTING.  Sec 

Mural  Painting. 

EXTINCT  ANIMALS.  Many  animals 
which  inhabited  the  earth  in  bygone  periods 
have  entirely  disappeared,  leaving  not  even  a 
modern  representative  of  their  race.  Others,  no 
doubt,  were  known  to  prehistoric  peoples,  con- 
cerning which  no  record  has  come  down  to  us. 
But  within  the  period  of  recorded  observations, 
many  animals  have  lived  and  died  out ;  various 
causes  contributing  to  their  extermination,  not 
least  among  these  being  the  presence  of  man- 
kind. Man  reconstructs  the  face  of  the  earth 
to  suit  his  needs :  he  cuts  down  forests,  plows 
or  burns  over  prairie  lands,  changes  the  course 


of  rivers',  drains  the  swamps  and  thus  destroys 
the  natural  environment  of  many  of  nature's 
wild  children.  Then,  too,  he  destroys  crea- 
tures directly;  he  kills  them  for  food,  for 
clothing  or  for  other  utilitarian  purposes;  he 
hunts  them  because  he  fears  them,  as  dangerous 
foes  to  himself  or  to  his  agricultural  pursuits; 
he  destroys  them  for  his  sport ;  and,  finally,  he 
draws  them  from  feral  conditions  by  domestica- 
tion. Not  only  thus  does  man  directly  injure 
the  wild  creatures,  but  his  coming,  accompanied 
by  exterminating  influences,  kills  out  certain 
other  creatures.  These,  when  man  has  destroyed 
their  natural  prey,  practically  die  of  starvation 
before  they  can  adapt  themselves  to  changed 
conditions.  Then  the  domestic  dogs,  cats,  etc., 
help  on  the  work  of  slaughter  in  certain  ways, 
by  preying  upon  wild  life. 

That  prehistoric  man  was  partially  respon- 
sible for  the  extinction  of  certain  animals, 
scientists  are  agreed ;  but  they  are  also  assured 
that  except  in  the  cases  of  the  horse,  the  camel, 
and  perhaps  the  domestic  dog,  the  extinction 
was  due  more  to  their  inability  to  adapt  them- 
selves readily  to  the  changes  of  climate  of  that 
remote  time  than  to  human  agency.  The  wild 
progenitors  of  the  horse  and  camel  have  not 
been  known  in  historic  times.  That  aboriginal 
man  in  Europe  aided  the  elemental  forces  in 
their  work  of  destruction,  by  hunting  to  death 
the  mastodon  and  the  great  cave-hunting  lions, 
bears  and  hyenas,  and  other  huge  creatures  of 
his  time,  is  most  probable;  but  in  America 
this  is  not  at  all  likely  to  have  been  the  case. 

Since  the  earliest  records  were  made,  how- 
ever, various  species  have  been  eliminated  from 
the  European  fauna;  many  from  that  of  the 
other  continents  as  well.  In  the  days  when  the 
Romans  fought,  the  Dacians,  various  members 
of  the  cat  family  were  common  along  the  Rhine- 
Danube  frontier,  among  them,  lions,  tigers, 
leopards  and  wild-cats.  They  found  also  the 
great  herds  of  wild  cattle,  which  have  entirely 
vanished.  The  ibex,  too,  is  gone,  and,  but  for 
the  protective  legislation,  the  chamois  and  the 
deer  would  have  been  exterminated  as  well. 
The  bear,  the  beaver,  the  wolf  and  the  wild 
boar  have  all  gone  within  the  last  10  centuries, 

hunted 


from  Britain,  the  wild-boar,  which 
by  royal  cavalcades,  disappearing  at  the  close 
of  the  17th  century. 

Records  concerning  Asiatic  animals  show 
few  cases  of  extinction  except  those  of  a  few 
cases  of  a  species  of  sea-cow  native  to  the 
Commander  Islands,  off  the  Kamchatkan  coast. 
This  animal,  the  rhytina,  was  pursued  for  its 
flesh,  chiefly,  and,  so  far  as  is  known,  the  last 
survivor  was  killed  in  1768.  Among  the  same 
islands  lived  the  now  extinct  Pallas  s  cormorant, 
a  great  bird  also  exterminated  because  of  its 
edible  quality. 

Animals  which  are  restricted  in  habitat  to 
small  islands  seem  liable  to  suffer  from  the  in- 
roads of  man,  more  surely  and  swiftly,  because 
they  have  no  adequate  means  of  escape,  many 
such  examples  being  furnished  of  birds  whose 
power  of  flight  is  limited.  Such  species,  espe- 
cially in  the  Australasian  and  South  Sea  islands, 
have  been  in  almost  all  cases  destroyed;  not- 
ably several  representatives  of  the  moa  tribe  in 
New  Zealand,  the  dodo,  the  solitaire  and  certain 
parrots,  rails  and  fowls.  The  disappearance 
of  the  gigantic  edible  tortoises  from  the  islands 
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of  the  Indian  Ocean  and  from  the  Galapagos 
presents  another  striking  instance  of  the  ox- 
termination  of  animals  owing  to  man's  dep- 
redations. 

Both  Africa  and  America  have  presented 
fields  for  indiscriminate  slaughter.  In  the 
former  continent,  where  once  there  roamed 
great  herds  of  antelope,  countless  buffaloes  and 
elephants  the  slaughter  has  been  so  great  since 
the  middle  of  the  19th  century'  as  to  leave  many 
of  these  denizens  of  plain  and  forest  extremely 
rare  if  not  altogether  extinct.  The  search  for 
hides  was  perhaps  the  strongest  destructive 
force;  but  the  European  hunters  for  "big  game" 
and  their  followers  have  done  much  in  the 
same  direction.  The  mountain  zebra,  the  quagga 
and  various  species  of  antelope  are  examples 
of  this;  while  the  giraffe  to  escape  entire 
extinction  has  retired  to  almost  inaccessible 
regions  in  the  Kalahari  Desert  and  northward. 

As  for  America,  with  her  long  list  of  lost 
species,  most  people  arc  more  or  less  acquainted 
with  the  efforts  that  have  been  made  (and 
sometimes  with  signal  success),  within  the  past 
few  years,  to  save,  by  protective  legislation, 
such  of  her  native  birds  as  are  still  found,  and 
to  prevent  the  wholesale  slaughter  of  her 
wild  denizens  of  field  and  forest.  The  best- 
known  example  of  extinction  is  furnished  by 
the  bison  (q.v.),  which  roamed  in  vast  herds 
over  the  grass  lands,  until  it  was  destroyed  by 
hide-gatherers ;  so  that  now  there  are  no  wild 
bison  except  one  small  herd,  carefully  protected 
by  law,  dwelling  beyond  the  North  Saskat- 
chewan River.  In  1903  it  was  estimated  that 
only  34  wild  bison  were  left  in  the  United 
States,  and  about  600  in  Canada;  and  even 
these  remnants  had  more  or  less  degen- 
erated from  the  superb  original  type  of 
the  plains.  Such  large  animal  species  liv- 
ing under  strenuous  conditions  and  necessarily 
breeding  slowly,  urgently  require  protection  at 
this  time.  The  unremitting  warfare  against 
all  the  animal  kind  that  began  with  the  de- 
struction of  the  great  land  turtles  and  moas 
in  prehistoric  times,  now  extends  to  the  remot- 
est places  of  the  earth.  With  the  arming  of 
every  savage  tribe,  and  with  shooting  expedi- 
tions often  organized  on  a  large  scale  and  even 
carried  out  under  the  guise  of  scientific  explo- 
ration, all  large  animal  types  are  to-day  threat- 
ened with  a  speedy  extinction.  A  typical  case 
of  natural  restriction  accelerated  by  man  is 
that  of  the  muskox  (q.v  ).  Circumarctic  in  the 
Pleistocene  this  curious  animal,  yielding  in 
quantity  a  strong  undcrwool  with  a  texture  as 
fine  as  silk,  is  now  confined  solely  to  the  tree- 
less arctic  wastes  of  North  America  and  the 
islands  to  the  north.  Cut  off  by  the  white 
hunter  everywhere  to  the  south,  the  Eskimo 
rabbit-catchers  of  the  far  north,  always  hard 
on  the  muskox.  are  now  killing  with  modern 
rifles  the  northern  remnants  of  the  original 
herd.  The  American  sea-elephant  and  the 
monk-seal  arc  also  practically  gone.  The 
long  lists  of  birds,  from  the  great  auk 
and  the  "passenger-pigeon"  to  the  California 
condor,  give  evidence  how  much  this  continent 
has  been  depleted  as  tn  its  wild  life.  Many 
fishes,  too,  have  decreased  or  whollv  disap- 
peared; and  there  is  no  doubt  that,  but  for 
timely  protection,  many  species,  now  small, 
would  soou  follow  these  vanished  representa- 


tives of  the  earlier  fauna  and  swell  the  already 
lamentably  long  list  of  extinct  animals. 

On  the  high  seas  the  reckless  killing  of 
larger  an.mals  goes  on  as  relentlessly  as  on 
land.  The  great  Cetaceans  were  abundant 
down  both  coasts  when  America  was  discov- 
ered. Since  then  the  Biscayan  whale,  Ba'.aena 
glacialis,  the  Greenland  whale,  Balaena  mysli- 
cctus,  and  the  much  wilder  Balacnoptera  phys- 
alis  have  in  turn  been  brought  to  the  verge  of 
extinction.  No  less  the  widely  distributed 
■  cachalot,*  Physeter  macrocephalus ;  while  a 
lengthening  list  of  lesser  marine  forms  is  being 
rapidly  hunted  out.  The  greatest  destruction 
has  taken  place  since  the  invention  of  the  'shot 
harpoon"  by  Sven  Foyn  (at  first  a  scaler), 
about  1870.  By  that  time  owing  to  wildncss 
and  scarcity  the  older  methods  of  whale  cap- 
ture were  no  longer  capable  of  returning  a 
profit.  With  the  introduction  of  power 
launches  few  forms  can  now  escape.  The 
monetary  loss  resulting  from  this  ind.scriminate 
slaughter  has  been  enormous.  From  1835  to 
the  wane  of  the  fisheries  about  1872,  in  19,943 
American  voyages  some  300,000  whales  were 
captured,  yielding  oil  and  bone  worth  $272,- 
000,000.  At  the  meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  in  Chi- 
cago, 1907,  a  resolution  was  passed  to  aid  "in 
any  way  practicable  those  measures  legislative, 
international  and  local  which  will  prevent  the 
now  imminent  extermination  of  the  great 
marine  vertebrates,  especially  the  cetaceans  and 
manatees,  seals,  green  and  other  turtles  on  the 
coasts  of  the  United  States,  or  on  the  high 
seas."  (See  Extinction  of  Specifs).  Consult 
Dawkins,  Boyd,  'Cave  Hunting'  (London 
1874)  ;  Bryden,  'Nature  and  Sport  in  South 
Africa'  (ib.  1897)  ;  Dixon,  'Lost  and  Vanish- 
ing Birds'  (ib.  1898);  Bullcr.  'Birds  of 
New  Zealand'  (2d  ed.,  ib.  1888)  ;  Grieve, 
'The  Great  Auk'  (ib.  1885);  Finn,  'Wild 
Animals  of  Yesterday  and  To-day'  (ib. 
1913)  ;  Hartin&  'British  Animals  Extinct 
within  Historic  Times'  (ib.  1880);  Hutchinson, 
'Extinct  Monsters  and  Creatures  of  Other 
Days'  (New  York  191 1 )  ;  Lankcster,  'Extinct 
Animals'  (ib.  1905)  ;  Loomis,  'Hunting  Extinct 
Animals  in  the  Patagonian  Pampas'  (ib.  1913)  ; 
Nathorst,  'Hafva  djuren  rattighet  att  lcfva' 
(Stockholm  1907);  Newton,  'Dictionary  of 
Birds'  (ib.  18%);  Rothschild,  'Extinct  Birds' 
(London  1907)  ;  Wieland.  "Conservation  of  the 
Great  Marine  Vertebrates".  (Pop.  Set.  Month  'y. 
1908);  Wallace.  'Island  Life'  (London  and 
New  York  1880)  ;  'Annual  Report  of  the 
Smithsonian  Institution  for  1888'  (Washing- 
ton 1889). 

Revised  by  G.  R.  Wieland. 

EXTINCT  RACES.  See  Man.  Prehis- 
toric: Racks  of 

EXTINCTION,  Tribal.  Certain  broader 
inferences  as  to  the  nature  of  arrested  evolution 
and  extinction  of  races  or  types,  rather  than  the 
species,  can  be  drawn  only  from  a  systematic 
examination  of  the  geologic-paleontologic  rec- 
ord. It  is  now  clearly  recognized  that  periodic 
emergence  and  subsidence  of  the  continents 
has  been  going  on  as  far  back  as  the  fossil 
records  extend,  with  resultant  biologic  dias- 
trophism  It  is  also  recognized  that  the  initial 
expansion  or  climacteric  of  groups  mainly 
occurs  soon  after  their  first  appearance. 
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As  a  consequence  the  inadnptive  and  unfit 
species  are  crowded  out,  not  alone  by  those 
nearly  of  their  own  kind,  but  by  the  successful 
forms  of  other  groups.  Earth,  sea,  and  air,  as 
suggested,  must  tend  to  hold  to  some  numeri- 
cal mean  of  population.  But  the  higher  a  group 
in  the  scale  of  organization,  the  more  delicate 
is  the  adjustment  to  environment.  Rapid 
adaptive  change,  like  over-specialization,  much 
increases  liability  to  extinction  by  cataclysm. 
The  relatively  successful  forms  are  swept  away 
by  renewed  environmental  disturbance  if  too 
rapid  to  neutralize  by  a  further  course  of  direct 
evolution,  or  by  catagenetic  change.  For  this 
reason  alone  the  relative  tenure  of  races  as 
such  is  longest  in  the  lower  forms.  The  higher 
groups  such  as  Limulids  may  show  a  remarkable 
persistence,  or,  like  the  Testudinata,  a  relatively 
long  life;  but  'immortal  types*  are  mainly  in- 
conspicuous like  the  Foraminifers.  That  such 
so  often  occupy  abysmal  oceanic  or  other  zones 
least  subject  to  change,  sets  a  further  visible 
boundary  to  the  course  of  extinction.  Still 
another  is  set  by  the  fact  that  higher  types 
also  tend  to  persist  in  the  zones  and  regions  of 
least  change  —  "asylums." 

The  inherent  organic  quality  which  as  fixedly 
as  gravity  sets  and  holds  evolution  in  its  course 
was  aptly  termed  by  Cope  "bathmism."  This 
it  the  force  that  evolves,  and  also  kills;  but  the 
bathmic  causes  of  extinction  arc  even  harder 
to  scan  than  are  direct  bathmic  factors.  Re- 
duced to  its  simplest  elements,  life  must  be 
regarded  as  a  property  of  matter,  and  plasm 
certainly  exhibits  in  closed  environments  a  high 
degree  of  stability.  It  may  also  exhibit  char- 
acters little  removed  from  those  of  strictly  in- 
organic substances  (Chundcr-Bose)  ;  although 
wholly  senescent  or  absolutely  unchanging  types 
are  not  theoretically  indicated  —  that  is,  taking 
the  entire  duration  of  the  rock  succession  as  a 
time  unit.  However,  when  the  common  fac- 
tors of  change,  bathmism  (or  ontogeny),  en- 
vironment, heredity  and  selection,  are  inactive, 
the  organism  shows  little  progression;  and  this 
indicates  climatic  change,  taken  in  its  very 
broadest  sense,  as  the  chief  evolutionary  stimu- 
lus. There  is  a  further  inference  of  primary 
value  gained  from  the  study  of  devolution  or 
catagenesis  as  opposed  to  anagenesis.  No  races 
arc  exempt  from  the  totality  of  climatic  factors. 
The  precision  of  the  phenomena  of  plant  suc- 
cession would  alone  warrant  this  statement. 
It  follows  that  while  surprising  modifications 
may  take  place  when  races  decline,  there  is,  dur- 
ing the  anagenetic  movement,  a  melior  mean 
of  form  toward  which  all  types  strive— each 
according  to  its  capacity,  and  in  delicate  adjust- 
ment to  environment.  Consequently  the  idea 
that  lines  of  descent  take  the  form  of  the 
"palcontologic  tree,"  and  lead  back  continually 
to  main  primitive  stems,  must  as  a  rule  express 
loo  much.  A  far  simpler  course  of  parallel 
development  and  parallel  decline  is  indicated. 
As  to  when,  in  the  course  of  this  universal 
parallelism,  direct  evolution  or  ascendancy 
reached  its  high  noon  would  at  present  be  only 
a  subject  of  speculation.  But  from  a  physical 
point  of  view  there  must  be  such  a  point  of 
time,  probably  denoted  by  the  appearance  of 
persistent  bipolar  ice  caps.  Morphologically  the 
appearance  of  the  oak  in  the  lowermost  Cre- 
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taccous  may  denote  the  evolutionary  crest.  Be- 
yond are  palms  and  grasses. 
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EXTINCTION  OF  SPECIES.  The  an- 
tithesis of  evolution  is  extinction.  Direct  evo- 
lution leads  by  insensible  degrees  to  replace- 
ment by  changed  descendants  or  to  actual  de- 
cadence and  disappearance  of  types.  Study  of 
the  phenomena  of  elimination  sheds  much  light 
on  the  nature  of  life  and  the  general  evolution- 
ary course.  Also,  the  fossil  record  peculiarly 
lends  itself  to  such  a  study,  being  so  largely  a 
record  of  extinctions. 

The  particular  reasons  for  the  extinction  of 
animals  and  plants  are  not  always  obvious  and 
may  be  very  difficult  of  interpretation.  Barring 
some  factors  to  be  mentioned  later,  the  same 
variations  of  environment  and  most  of  the 
forces  of  selection  considered  as  necessary  to 
the  production  of  new  species  are  also  powerful 
agents  in  the  extermination  of  established 
forms.  The  history  of  many  species  may  be 
compared  to  that  of  an  individual.  It  has  its 
birth,  its  growth,  its  decline,  its  death.  Also, 
the  laws  of  evolution  show  that  many  other 
species  undergo  modifications  or  changes  which 
ultimately  transgress  or  supplant  the  original 
assemblage  of  specific  characters,  so  that  a  new 
species  results  by  a  process  of  mutation.  Fur- 
thermore, many  other  species,  while  retaining 
their  strictly  specific  characters,  may  be  trans- 
lated into  different  genera  through  modifica- 
tions of  their  generic  characters. 

The  continuance  of  a  species  depends  upon 
its  harmony  with  its  environment.  A  perfectly 
stable  and  continuous  environment  is  obviously 
a  natural  impossibility.  The  physical  conditions 
of  any  region  of  the  earth  are  in  a  state  of  con- 
stant change,  sometimes  very  gradual  and  ex- 
tending over  long  periods  of  time,  sometimes 
sufficiently  rapid  to  be  measured  by  ordinary 
standards.  The  organic  agencies  surrounding 
any  species  are  also  not  permanent ;  migrations 
arc  continually  going  on ;  the  areas  occupied  by 
various  organisms  are  being  extended  or  re- 
duced ;  periods  of  excessive  or  repressed  fecun- 
dity often  occur ;  there  are  times  of  abundance 
and  scarcity  of  food,  increase  and  diminution  in 
the  number  of  enemies,  and  so  on.  Any  ma- 
terial change  in  the  physical  or  organic  environ- 
ment must  produce  a  readjustment  among  the 
individuals  composing  a  species ;  their  number 
may  be  lessened  or  increased,  or  they  may  be 
forced  into  conditions  of  life  which  produce 
changes  in  habits,  place  or  abode,  food,  fuue- 
tion.  structure  or  organs. 

The  study  of  a  geographic  life-province 
shows  that  the  organisms  inhabiting  it  are  in 
the  state  of  a  moving  equilibrium.  Minor 
changes  in  the  physical  conditions,  as  slight 
differences  in  temperature,  moisture,  elevations, 
etc,  may  be  compensated  for  by  a  readjustment 
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among  the  organisms  themselves.  In  some 
cases  this  readjustment  may  be  favorable  to 
many  of  the  species,  while  in  others  it  may 
initiate  changes  which  ultimately  result  in  ex- 
tinction. More  profound  changes  in  the 
physical  environment  necessarily  produce  a 
greater  effect  upon  the  animals  and  plants,  and 
may  result  in  the  extermination  of  many  and 
the  considerable  modification  of  others,  so  that 
a  distinctly  transmuted  fauna  and  flora  would 
occupy  the  region. 

The  forces  already  mentioned,  though  opera- 
tive to  a  greater  or  less  degree,  are  not  believed 
to  affect  so  immediately  the  equilibrium  of  a 
species  or  the  general  equilibrium  of  a  biotic 
province  as  the  invasion  of  new  species,  either 
by  extension,  migration  or  evolution.  The 
struggle  for  existence  amid  gradually  changing 
physical  conditions  alone  is  not  so  aggressive 
as  the  invasion  of  a  new  assemblage  of  plants 
and  animals;  for  in  the  former  the  struggle  is 
the  normal  result  of  the  physical  and  organic 
forces  of  an  environment  in  which  the  adjust- 
ments have  been  made  and  an  equilibrium 
reached;  in  the  other  there  is  the  direct  addi- 
tion of  a  new  set  of  opposing  forces,  requiring 
the  immediate  readjustment  of  both  invading 
and  invaded  organisms. 

A  census  of  the  animals  and  plants  of  any 
region  will  show  a  great  variation  in  the  num- 
ber of  individuals  representing  the  various  spe- 
cies. Some  are  abundant,  some  common,  while 
others  are  rare.  Now,  since  the  normal  im- 
pulse of  the  individuals  of  each  species  is  to 
increase  inordinately,  the  fact  that  some  are  of 
rare  occurrence  shows  that  forces  are  at  work 
tending  to  check  their  multiplication,  and  the 
relative  rarity  of  a  species,  as  compared  with 
others  of  the  same  genus,  is  taken  as  an  indica- 
tion of  approaching  extinction. 

The  development  of  spines,  thorns,  prickles 
or  horns  on  animals  and  plants  has  been  shown 
by  the  writer  to  represent  an  advanced  stage  of 
evolution  within  the  type,  as  well  as  the  degree 
of  differentiation  of  the  organism,  the  ratio 
of  its  adaptability  to  the  environment  and  the 
measure  of  its  vital  power.  The  study  of  the 
life  histories  of  spinose  forms  shows  that  they 
are  simple  and  inornate  during  their  young 
stages,  and  their  phylogeny  shows  that  they  were 
all  derived  from  non-spinous  ancestors.  It  is 
further  believed  that  spines  represent  an  extreme 
of  superficial  differentiation  which  may  become 
fixed  in  ontogeny,  and  also  that  spinosity  repre- 
sents a  limit  to  morphological  and  physiological 
variation.  Therefore,  after  attaining  the  limit 
of  spine  differentiation,  spinose  organisms  leave 
no  descendants,  and  out  of  spinose  types  no  new 
types  are  developed. 

The  factors  as  above  partly  noted  affecting 
the  continuance  or  life  of  a  species  may  be  di- 
vided into  two  classes:  (1)  those  residing 
within  the  individuals  of  a  species  itself  (intrin- 
sic), and  (2)  those  extraneous  to  the  species 
(extrinsic).  The  action  of  either  the  intrinsic 
or  extrinsic  factors  tends  to  result  either  in  ex- 
tinction or  in  the  mutation  of  a  species  into  an- 
other form.  In  both  cases  a  specific  type  dis- 
appears or  is  eliminated,  although  only  in  the 
first  instance  is  the  species  exterminated  in  the 
sense  that  it  has  left  no  descendants.  Within 
the  limits  of  this  article  but  little  more  than  a 
descriptive  statement  of  these  principal  factors 
can  be  attempted.    It  should  also  be  borne  in 
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mind  that  there  is  an  overlapping  and  interde- 
pendency  among  the  factors,  causing  them  to 
react  upon  each  other.  Thus,  an  unfavorable 
environment  due  to  change  of  climate  may 
affect  the  food  (extrinsic),  which  in  turn  may 
affect  the  vitality  of  the  species,  possibly  re- 
sulting in  degeneracy  (intrinsic).  Likewise, 
parasitism  and  disturbances  in  symbiotic  rela- 
tionships produce  far-reaching,  complex  effects. 

Intrinsic  Factors  of  Extinction. —  Under 
this  head  may  be  considered  such  factors  as 
(1)  lack  of  power  of  adaptation;  (2)  lack  of 
vitality;  (3)  overspecialization ;  (4)  old  age 
(gerontic  stage  of  evolution) ;  (5)  pathologic 
condition;  (6)  degeneracy;  (7)  inbreeding; 
(8)  mutation.  When  a  species  cannot  accom- 
modate itself  to  changes  of  climate,  food,  etc., 
or  in  any  way  becomes  fixed,  it  must  perish  un- 
less it  can  find  a  suitable  and  constant  environ- 
ment—  a  physical  impossibility.  The  waning 
vitality  so  plainly  expressed  by  many  species 
must  be  considered  as  evidence  of  approaching 
extinction.  Such  species  usually  occupy  re- 
stricted geographic  provinces,  they  arc  generally 
not  numerically  abundant,  and  their  powers  of 
reproduction  are  more  or  less  retarded  or  re- 
pressed. An  animal  or  plant  which  becomes  so 
specialized  that  it  can  live  only  under  certain 
peculiar  conditions  stands  a  chance  of  extermi- 
nation whenever  the  harmony  of  these  condi- 
tions is  disturbed.  Thus  a  plant  which  depends 
upon  a  certain  species  of  insect  for  its  fertiliza- 
tion will  succumb  if  the  insect  seeks  other  food 
or  is  itself  extirpated  from  any  cause.  Also, 
an  animal  depending  solely  upon  a  species  of 
plant  for  food,  or  requiring  a  certain  elevation 
or  range  of  temperature  for  its  continuance, 
will  be  exterminated  when  these  are  disturbed, 
unless  it  can  adapt  itself  to  the  change.  Spe- 
cialization in  general  is  manifested  by  the  de- 
parture of  organs  or  sets  of  organs  from  what 
is  normal  to  the  class.  It  results  in  the  extreme 
differentiation  of  previous  structures,  or  in 
their  suppression,  generally  due  to  disuse  or  re- 
straint, and  also  in  a  perversion  of  their  orig- 
inal function.  It  has  been  shown  by  the  study 
of  many  instances  of  extinct  species  preserved 
in  the  rocks  of  past  geological  periods,  that  each 
species  has  its  period  of  birth,  youth,  maturity 
and  old  age,  which  often  may  be  recognized  by 
distinctive  individual  or  numerical  characters ; 
so  that  whenever  a  species  can  be  shown  to 
possess  what  are  known  as  gerontic  or  old-age 
characters  it  can  be  safely  predicated  that  its 
extinction  is  near  at  hand.  Pathologic  char- 
acters in  a  species  indicate  the  same  conditions 
as  disease  in  an  individual,  and  point  clearly 
toward  extermination.  Adverse  conditions  may 
affect  the  entire  fauna  and  flora  of  a  region, 
producing  dwarfed,  depauperate  and  pathologic 
species.  Their  history  is  usually  very  brief  and 
their  places  are  taken  by  organisms  in  accord 
with  the  environment.  Retrogressive  evolution 
indicates  that  the  race  has  not  only  ceased  to 
advance,  but  is  declining.  The  history  of  any 
genetic  line  of  species  shows  that  whenever 
retrogressive  characters  appear  and  constitute 
dominant  features  the  rapid  decline  and  ex- 
tinction of  forms  possessing  them  is  imminent. 
The  reduction  of  species  numerically,  and  its 
restriction  within  narrow  geographic  limits, 
lead  to  inbreeding  and  the  consequent  impair- 
ment of  virility.  The  small  herds  of  European 
bison  preserved  by  the  Russian  government  in 
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the  forests  of  Lithuania  and  the  Caucasus  are 
rapidly  declining,  both  numerically  and  in  vital- 
ity, due  almost  wholly,  according  to  recent  re- 
ports, to  inbreeding.  Each  species  now  exist- 
ent must  have  had  an  ancestor  from  which  it 
has  been  derived  through  one  or  more  of  the 
many  processes  of  evolution.  Some  of  these 
ancestral  types  may  be  still  living,  while  others 
are  extinct.  Going  back  to  past  geologic  times 
(for  example,  to  the  Carboniferous)  each  spe- 
cies was  derived  by  evolution  from  ancestral 
species.  Both  the  ancestors  and  all  the  species 
once  living  in  the  Carboniferous  are  now  ex- 
tinct. Life,  however,  was  continued  on  into  the 
next  age  through  modified  descendants  of  a 
percentage  of  true  Carboniferous  species.  The 
rest  were  exterminated  and  left  no  descendants. 
In  the  first  instance  it  is  extinction  by  mutation 
and  in  the  second  extinction  by  extermination. 
It  seems-  probable  that  ever  since  the  earth  has 
been  fully  tenanted  with  a  varied  life  there  has 
been  a  fairly  constant  ratio  at  all  times  between 
the  number  of  species  just  exterminated,  the 
number  of  primary  species  originating  by  the 
mutation  of  ancestral  forms,  the  number  of 
species  arising  by  the  special  differentiation  of 
the  primary  species,  ana  the  number  of  species 
adapting  themselves  to  the  changes  which  are 
dominant  during  the  succeeding  geologic 
period. 

Extrinsic  Factors.— Agencies  outside  of  the 
organism  itself  which  in  their  operation  may 
cause  extermination  of  species  may  be  grouped 
under  the  following  heads:  (1)  Unfavorable 
physical  environment;  (2)  changes  affecting  the 
food-supply;  (3)  preponderance  of  enemies; 
(4)  the  agency  of  man;  (5)  cataclysms.  A 
physical  environment  which  can  properly  be 
considered  unfavorable  must  act  on  the  individ- 
uals of  a  species  in  an  adverse  manner,  and 
necessarily  the  result  is  deleterious  to  its  con- 
tinuance. The  unfavorable  characters  of  the 
environment  may  be  various,  as  too  high  or  too 
low  temperatures,  excessive  moisture  or  dry- 
ness, unsuitable  altitude,  storms,  winds,  pol- 
luted and  sediment-laden  waters,  etc.,  any  of 
which  if  not  normal  to  the  requirements  of  the 
organisms  will  have  a  repressive  effect  on  their 
growth  and  multiplication.  The  persistence  of 
these  inhibitory  conditions  will  generally  cause 
the  speedy  extinction  of  the  species.  The  life 
of  any  organism  is  so  dependent  upon  the  sta- 
bility of  the  food-supply  that  any  change  which 
seriously  affects  the  kind  and  amount  of  food 
reacts  immediately  upon  the  species  which  rely 
upon  it  for  sustenance.  The  extinction  of  a 
species  from  any  cause*  involves  either  the  ex- 
tinction of  the  organisms  dependent  wholly 
upon  it,  or  their  adaptation  to  new  conditions. 
Such  of  these  as  have  lost  their  plasticity',  either 
from  high  specialization  or  gerontic  develop- 
ment, will  perish.  The  invasion  of  any  prov- 
ince by  a  new  fauna  or  by  a  new  flora  or  by 
both  combined  will  initiate  a  struggle  for  su- 
premacy of  occupation  which  will  drive  out 
some  species,  exterminate  others  and  modify 
still  others.  In  these  changes  the  food  is  an 
important  element  in  determining  the  success 
or  failure  of  a  species  to  maintain  itself.  On 
the  other  hand,  abundance  of  food  leads  to 
sluggish  habits  and  tends  to  produce  increase  in 
size.  In  this  way  may  be  explained  the  preva- 
lence of  many  large  contemporaneous  species 
of  reptiles  in  the  Mesozoic,  and  of  large  mam- 
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mals  at  different  epochs  in  the  Tertiary  This 
increase  in  size  exposed  them  to  increasing 
danger  from  starvation,  from  changes  in  cli- 
mate and  from  competition  with  smaller  active 
and  more  numerous  animals.  It  is  difficult  to 
estimate  how  far  in  some  cases  the  extinction 
of  a  species  may  have  been  due  to  the  invasion 
of  noxious  bacteria  or  other  parasitic  organ- 
isms. It  can  only  be  predicated  that  their  rav- 
ages are  sometimes  of  such  a  nature  that  the 
ranks  of  a  species  arc  thinned  out  to  the  verge 
of  extinction,  and  it  is  quite  possible  that  ac- 
tual extermination  occasionally  has  occurred 
through  this  cause.  Dr.  Falconer  believed  that 
insect  enemies  have  prevented  the  increase  and 
extension  of  the  elephant  in  India,  and  Darwin 
likewise  stated  that  the  increase  of  large  quad- 
rupeds in  some  parts  of  South  America  was 
prevented  by  insects  and  blood-sucking  bats. 
It  is  doubtful,  however,  whether  these  agents 
were  ever  the  primary  and  sole  causes  of  the 
extinction  of  any  large  animal.  The  most  vul- 
nerable point  of  attack  in  the  extermination  of 
large  animals  is  their  young  or  their  eggs.  Ani- 
mals of  large  size  usually  lay  few  eggs  or  bring 
forth  very  few  young,  and  usually  at  infrequent 
intervals.  The  eggs  or  the  young  are  easily 
destroyed  by  small  creatures  that  would  be 
powerless  before  the  full-grown  animals.  The 
downfall  of  the  great  reptiles  at  the  end  of  the 
Mesozoic  has  been  explained  by  Morris  as  due 
(1)  to  the  lack  of  care  reptiles  in  general  take 
of  their  eggs  or  young;  (2)  to  the  smaller  num- 
ber of  eggs  laid  by  the  large  species  as  com- 
pared with  the  smaller,  whose  continued  exist- 
ence in  some  measure  is  owing  to  their  fecun- 
dity; and  (3)  to  the  progressive  development 
of  the  mammals  into  egg-eating  and  prcdaceous 
placental  forms  of  higher  intelligence,  at  the 
close  of  the  Mesozoic. 

Agency  of  Man.—  Man.  being  the  dominant 
organism  of  the  existing  fauna  and  flora,  has 
since  his  establishment  had  an  increasing  effect 
in  the  restriction  and  extension  of  contempo- 
rary plants  and  animals.  As  compared  with  the 
ordinary  forces  of  nature,  which  in  general 
work  in  an  almost  imperceptible  manner  when 
measured  by  human  standards,  man's  influence 
has  been  incisive,  profound  and  very  rapid. 
He  has  been  the  only  animal  that  has  attempted 
to  conquer  nature  in  an  intelligent  manner  for 
his  own  ends.  Noxious  animals  and  plants  have 
been  persistently  attacked  until  many  of  them 
through  reduction  in  numbers  or  by  extinction 
have  ceased  to  be  a  menace  to  his  well-being. 
His  inordinate  greed  has  also  led  him  to  ex- 
terminate harmless  useful  animals  by  wholesale 
slaughter,  chiefly  because  they  offered  little  or 
no  resistance,  and  also  from  a  false  notion 
that  nature's  resources  arc  inexhaustible.  (See 
Extinct  Animals).  Along  with  man's  con- 
scious destruction  of  life,  he  has  indirectly  and 
without  purpose  accomplished  the  extermina- 
tion of  species  to  which  he  was  wholly  indiffer- 
ent. This  fact  necessitates  the  division  of  this 
topic  into  two  parts:  (1)  organisms  directly 
exterminated  by  man.  and  (2)  organisms  in- 
directly exterminated  by  man.  It  is  well  known 
that  the  remains  of  early  prehistoric  man  are 
found  associated  with  the  bones  of  extinct  ani- 
mals. Among  these  may  be  mentioned  the  mam- 
moth, mastodon,  cave-bear,  cave-hyena,  sabre- 
toothed  tiger,  Irish  elk.  woolly  rhinoceros,  the 
giant  birds  of  Madagascar  and  New  Zealand, 
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and  many  others.  While  it  is  impossible  to  as- 
sert positively  that  their  extermination  was  due 
wholly  to  man,  yet  undoubtedly  man  was  one 
of  the  most  powerful  agents.  Otherwise  it  is 
difficult  to  account  for  the  disappearance  of  an 
animal  from  a  continent  that  in  some  parts,  at 
feast,  would  furnish  the  proper  climate  and 
food  for  its  continuous  existence,  from  the 
time  of  primitive  man  down  to  the  historic 
period.  Even  with  the  crudest  of  weapons, 
man  with  his  superior  cunning  and  intellect 
could  successfully  wage  a  war  ot  extermination 
on  such  animals  as  the  mammoth  and  mastodon 
by  a  method  already  mentioned;  namely,  that 
of  killing  the  young. 

Coming  now  to  within  the  historical  period, 
there  arc  quite  a  number  of  well-authenticated 
cases  of  the  extermination  of  species  that  can 
be  traced  directly  to  man  as  cither  the  principal 
or  sole  agent.  A  few  instances  will  be  men- 
tioned in  this  connection,  and  the  list  could 
be  easily  extended.  Probably  the  best-known 
example  of  an  animal  exterminated  by  man 
is  the  dodo  (q.v.),  a  large  flightless  bird  related 
to  the  dove,  formerly  living  on  the  island  of 
Mauritius.  Its  clumsy  helpless  condition  made 
it  an  easy  prey,  and  the  introduction  of  cats, 
dogs  and  pigs  into  the  island  hastened  its 
extermination.  On  the  islands  of  Rodriguez 
and  Bourbon  of  the  same  group  were  found  the 
solitaire  (q.v.)  and  at  least  two  other  species  of 
birds  related  to  the  dodo.  They  also  soon 
disappeared  after  man's  occupation  of  the  is- 
lands. The  great  auk  (q.v.)  formerly 
ranged  from  the  northeastern  coast  of  the 
United  States  northward  to  the  Arctic  regions, 
and  thence  along  the  shores  of  northern  Eu- 
rope. It  was  at  one  time  extremely  abundant, 
but  the  last  two  individuals  seen  were  taken 
near  Iceland  in  1844.  The  great  northern  sea- 
cow  (q.v.)'  and  Pallas  cormorant,  natives  of 
the  Commander  Islands,  became  extinct  near 
the  close  of  the  18th  century.  The  disappear- 
ance of  the  urc-ox  from  Europe  is  also  well 
known.  When  the  Bermudas  were  first  settled 
in  1612,  a  food-bird  known  as  the  cahow  bred 
in  almost  incredible  numbers  on  several  of  the 
smaller  islands.  By  1616  it  was  almost  exter- 
minated, and  a  reference  to  the  bird  in  1629 
states  that  it  no  longer  existed.  Singularly 
enough  no  remains  of  this  bird  were  discov- 
ered until  about  1913  when  several  cahow 
skeletons  were  found  in  the  Bermudas  bv  the 
naturalist,  A.  E  Vcrrill.  The  sicklc-bt'll,  a 
bird  formerly  used  for  making  the  royal  robes 
in  the  Sandwich  Islands,  is  now  no  longer  liv- 
ing, having  been  hunted  to  extinction. 

The  introduction  bv  man  of  various  species 
of  plants  and  animals  into  a  region  where  they 
formerly  did  not  exist  has  in  some  rases  pro- 
foundly changed  the  native  fauna  and  flora.  A 
single  well-authenticated  illustration  will  suffice, 
though  many  more  could  be  adduced.  The  is- 
land of  Saint  Helena  was  discovered  about  the 
year  1506,  and  at  that  time  was  densely  cov- 
ered with  forests.  In  a  little  morr  than  300 
years,  fully  five-sixths  of  the  island  had  become 
entirely  barren,  and,  a*  reported  by  Or  Hooker, 
most  of  the  existing  vegetation  was  not  indige- 
nous but  consisted  of  plants  introduced  from 
Europe,  Africa,  America  and  Australia.  These 
exotic  species,  together  with  the  gnats,  were 
carried  to  the  island  through  the  agency  of  man. 


The  goats  destroyed  the  forests  by  eating  the 
young  plants,  and  the  native  vegetation  could 
not  compete  in  the  struggle  with  the  introduced 
species.  It  is  estimated  that  ICO  peculiar  and 
indigenous  species  were  extirpated  in  this  man- 
ner, and  all  record  of  them  is  lost  except  a 
few  species  preserved  in  the  Kew  herbarium. 

Besides  the  species  already  exterminated  by 
man,  it  should  be  noted  that  many  others  were 
once  abundant  and  widespread  that  are  now  re- 
duced in  numbers  and  restricted  in  range.  Their 
final  extinction  seems  to  be  a  matter  of  a  few 
years  only.  Among  these  may  be  mentioned  the 
American  buffalo,  the  fur-seal,  the  beaver,  the 
elephant  and  the  big-tree  of  California. 

The  violent  catastrophes  of  nature  seldom 
affect  more  than  a  very  limited  area  of  the 
globe,  and  species  that  arc  cosmopolitan  or  of 
wide  geographic  distribution  would  not  be  in 
danger  of  extermination.  When,  however,  it  is 
realized  that  some  species  arc  so  restricted  in 
their  province  as  to  occupy  a  single  valley  or 
a  small  island,  then  it  is  easy  to  believe  that 
at  rare  intervals  some  great  and  sudden  up- 
heaval, subsidence,  hurricane  or  volcanic  out- 
break may  have  destroyed  all  the  individuals  of 
certain  localized  species,  if  any  such  were  within 
the  area  of  disturbance.  A  West  Indian  hurri- 
cane in  1898  is  believed  to  have  totally  destroyed 
a  species  of  humming-bird  peculiar  to  the  is- 
land of  Saint  Vincent,  though  it  is  doubtful 
whether  the  great  eruption  of  Krakatoa  in  1883 
and  of  Mont  Pelec  in  1902  exterminated  a  single 
species  of  animal  or  plant. 

A  review  of  the  various  causes  of  extermina- 
tion shows  that  on  account  of  their  diversity 
and  often  extremely  slow  action  it  is  difficult  in 
any  particular  case  to  explain  the  total  disap- 
pearance of  a  species  unless  a  detailed  knowl- 
edge can  be  obtained  of  the  principal  agencies 
affecting  in  any  way  the  harmony  of  its  sur- 
roundings or  its  ability  to  maintain  its  numbers 
in  its  natural  province. 
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EXTORTION,  in  general,  the  taking  from 
another  of  som  cthing  through  illegal  compul- 
sion It  has  been  defined  as  a  technical  term  of 
the  common  law  to  be  "a  crime  committed  by 
an  officer  of  the  law,  who  under  color  of  his 
office  corruptly  and  unlawfully  takes  any  money 
or  thing  of  value  that  is  not  due  to  him,  or 
more  than  is  due,  or  before  it  is  due.*  At 
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common  law,  the  offense  is  a  misdemeanor  pun- 
ishable by  fine  and  imprisonment,  and  subject- 
ing the  guilty  person  to  removal  from  office. 
In  the  New  York  Penal  Code  extortion  is  de- 
fined as  'the  obtaining  of  property  from  an- 
other, with  his  consent,  induced  by  a  wrongful 
use  of  force  or  fear,  or  under  cover  of  official 
right. B  Consult  'Encyclopaedia  of  Pleading  and 
Practicc>  (Vol.  VIII,  23  vols.,  Northport.  N.  Y, 
lg94_i90Q), 

EXTRA-UTERINE  GESTATION.  See 

Pregnancy. 

EXTRACT,  a  term  to  denote  all  that  can 
be  dissolved  out  of  a  substance  by  a  specified 
menstruum,  such  as  water,  alcohol,  ether,  etc. 
In  modern  pharmacy  the  term  is  applied  to  two 
kinds  of  preparation  from  vegetables.  One  is 
obtained  by  digesting  the  plant  in  water  or 
other  solvent,  and  evaporating  or  distilling 
away  the  excess  of  solvent  till  the  extracted 
matter  is  sufficiently  inspissated.  The  other  is 
obtained  by  bruising  the  plant  in  a  mortar, 
separating  the  juice,  warming  it  till  the  green 
coloring  matter  separates,  and  filtering  it  off. 
The  juice  is  next  heated  till  the  albumen  coagu- 
lates, and  again  filtered.  The  juice  is  now  evap- 
orated to  a  syrup,  the  green  coloring  matter 
added  and  well  mixed,  and  the  evaporation  is 
thereafter  continued  till  the  required  concentra- 
tion is  attained.  Extracts  must  be  capable  of 
being  rcdissolved,  so  as  to  form  a  solution  like 
that  from  which  they  were  derived.  Extracts 
are  used  in  cookery,  medicine  and  the  manu- 
facture of  perfumery. 

EXTRACT  OF  MEAT  is  a  soft,  yellow- 
ish-brown, solid  or  very  thick  syrup,  which  is 
employed  as  a  portable  soup.  It  is  now  manu- 
factured on  the  large  scale  by  processes  pro- 
posed by  Liebig.  Finely  chopped  flesh  is  ex- 
hausted with  water,  the  extract  is  heated,  when, 
at  133°  F.,  albumen  coagulates;  afterward  the 
blood  coloring  matter  also  separates,  and  when 
these  are  removed  and  the  clear  liquid  is  evap- 
orated at  a  low  temperature,  the  extract  is 
ready.  This  substance  has  a  characteristic  odor 
of  roast  meat,  has  a  strong  taste,  dissolves  in 
water,  and  forms  a  not  unpalatable  soup,  with- 
out, however,  nutritive  value.  It  contains  no 
fibrin,  gelatine,  albumen  or  fat,  but  creatine, 
inosic  acid  and  other  organic  bodies  are  present, 
and  it  is  especially  rich  in  potassic  salts  and  in 
phosphoric  acid.  It  has  the  invaluable  property 
of  not  spoiling  by  keeping;  and  has  been  exten- 
sively used  by  travelers,  explorers  and  by  ex- 
peditionary forces.  Consult  'Meat  Extracts 
and  Similar  Preparations*  in  Bulletin  114,  Bu- 
reau of  Chemistry,  United  States  Department 
of  Agriculture. 

EXTRADITION  is  the  surrender  of  a 
criminal  who  has  escaped  from  a  territory  un- 
der one  government  and  taken  refuge  in  a  terri- 
tory under  another  government.  Extradition 
has  two  specific  meanings  in  the  United  States. 
In  the  first'  place  it  refers  to  the  surrender  by 
one  State  government  of  a  criminal  who  seeks 
asylum  from  another  State  of  the  Union  in 
which  he  is  held  to  be  guilty  of  a  heinous  crime. 
(*Sec  Extradition,  Interstate).  In  the  second 
place,  it  refers  to  the  surrender  of  a  criminal 
by  one  nation  to  another.  The  demand  for  ex- 
tradition made  by  one  nation  of  another  is  a 
matter  of  international  law,  and  implies  merely 


the  control  to  be  exercised  by  one  nation  over 
the  right  of  affording  asylum  claimed  by  an- 
other. The  Jay  Treaty  of  19  Nov.  1794  with 
Great  Britain  specified  for  powers  of  extradition 
during  a  period  of  12  years.  After  its  expira- 
tion in  1807  no  provisions  for  international  ex- 
tradition were  renewed  until  1842  when  the 
Ashburton  treaty  of  9  August  of  that  year  with 
Great  Britain  was  concluded,  in  which  extradi- 
table offenses  were  enumerated.  France  on  9 
November  was  the  next  country  to  enter  into 
a  treaty  of  extradition  with  the  United  States, 
since  when  treaties  have  been  arranged  with 
some  24  foreign  governments  providing  for  the 
mutual  extradition  of  criminals,  fugitives  from 
justice,  charged  with  heinous  crimes,  among 
which  are  enumerated  robbery,  burglary,  arson, 
rape,  embezzlement  and  the  making  and  cir- 
culation of  counterfeit  money.  In  order  to 
justify  a  claim  for  extradition,  it  is  necessary 
to  establish  that  the  supreme  political  authority 
in  the  country  where  the  crime  has  been  com- 
mitted has  made  a  demand  for  the  criminal's 
surrender;  that  an  inquiry  has  been  made  into 
the  facts  of  the  case  by  a  judge  or  United 
States  commissioner,  under  direction  of  the 
President,  in  cases  where  the  demand  comes  to 
the  United  States  government  from  abroad ;  that 
a  complaint  be  made  on  oath  before  the  judge 
or  commissioner;  that  a  warrant  be  issued  by 
the.judgc  or  commissioner  for  the  apprehension 
of  the  party  charged ;  that  the  charge  be  sup- 
ported by  suitable  evidence;  that  a  certificate 
be  sent  to  the  President  of  the  United  States 
signed  by  the  commissioner,  and  stating  that 
the  charges  are  sufficiently  well  grounded  to 
warrant  a  surrender;  that  such  certificate  so 
satisfy  the  President  that  he  grant  the  writ  of 
surrender. 

The  British  extradition  act  of  1870  makes 
special  provision  that  no  criminal  shall  be  sur- 
rendered for  a  political  offense,  and  that  the 
criminal  shall  not  be  tried  for  any  but  the  crime 
of  which  he  was  demanded.  In  1890  an  ex- 
tradition treaty  was  ratified  between  Great  Bri- 
tain and  the  United  States  extending  somewhat 
the  list  of  extraditable  offenses  in  the  direction 
of  the  commercial  crimes  of  fraud  and  em- 
bezzlement. Consult  Moore's  'Treatise  on  Ex- 
tradition and  Interstate  Rendition*  (1891); 
Clark,  E,  'Treatise  upon  the  Law  of  Extradi- 
tion' (1904)  ;  Biron  and  Chambers,  'Law  Prac- 
tice of  Extradition'  (1903);  Hawley,  'Inter- 
state Extraditions'  (1890)  ;  Spear.  'Law  of  Ex- 
traditions, International  and  Interstate*  (1884). 

EXTRADITION.  Interstate.    The  New 

England  Confederation  of  1643  provided  for 
mutual  extradition  of  criminals  between  the 
different  provinces;  the  Articles  of  Confedera- 
tion did  likewise ;  and  the  Constitution  pro- 
vides for  it  between  the  States,  which  are 
independent  countries  in  all  save  the  functions 
they  have  resigned  to  the  general  government. 
But  the  wording  of  the  provision,  though  as 
definite  as  it  can  safelv  be  made,  leaves  room 
for  the  widest  difference  in  construction,  and  the 
evasion  of  the  mandate  in  a  large  share  of  the 
cases  that  arise.  It  is:  "A  person  charged  in 
any  State  with  treason,  felony,  or  other  crime, 
who  shall  flee  from  justice  and  be  found  in 
another  State,  shall,  on  demand  of  the  executive 
authority  of  the  State  from  which  he  fled,  be 
delivered  up,  to  be  removed  to  the  State  having 
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jurisdiction  of  the  crime.0  But  must  the  offense 
be  a  crime  by  the  law  of  the  State  requisitioned 
as  well  as  of  the  State  demanding?  The  ju- 
dicial decisions  say  decidedly  no  —  that  "the 
obligation  to  surrender  the  fugitive  ...  is 
the  same  as  if  the  alleged  act  was  a  crime  by 
the  laws  of  both.»  On  the  other  hand,  the 
State  executives,  for  obvious  reasons,  have 
stubbornly  refused  to  tie  their  hands  from  exer- 
cising discretion,  and  have  again  and  again  acted 
on  the  theory  that  the  offense  must  be  a  crime 
by  the  law  of  their  own  State.  Thus,  in  the 
Dorr  Rebellion  (q.v.),  Governor  Cleveland 
of  Connecticut  refused  to  extradite  Dorr  — 
though  Dorr  was  actually  using  Connecticut  soil 
to  organize  an  attack  on  Rhode  Island  —  on  the 
ground  that  the  lattcr's  treason  laws  were  not 
valid  outside  itself;  and  Governor  Seward  of 
New  York  refused  to  surrender  persons  charged 
with  stealing  slaves  (though  his  predecessors 
had  done  so),  on  the  ground  that  it  was  not  a 
crime  by  New  York  law,  by  common  law  or 
the  common  consent  of  civilized  nations.  Even 
the  principles  of  decision  are  not  agreed  upon. 
In  some  States  the  courts  hold  that  the  courts 
of  the  State  making  the  demand  are  entitled  to 
decide  as  to  the  sufficiency  of  the  cause;  in 
others  their  own  courts  make  their  own  law 
without  regard  to  that  of  the  other  States. 
Still  another  question  is,  whether  the  governor 
has  any  discretion  in  the  matter,  supposing  his 
State  law  to  demand  extradition.  The  answer 
is  somewhat  startling;  it  is,  that  the  governor 
legally  has  no  discretion,  that  he  is  imperatively 
bound  to  issue  the  warrant,  but  if  he  does  re- 
fuse, there  is  no  power  to  compel  him  and  no 
punishment  for  the  refusal.  The  Constitution, 
in  other  words,  has  issued  an  imperative  man- 
date with  no  provision  for  its  enforcement.  In- 
deed, it  is  difficult  to  see  how  there  could  be 
any;  the  only  remedy  being  a  State  impeach- 
ment of  its  executive  for  malfeasance,  which 
is  out  of  the  question  in  such  cases.  The  forms 
of  interstate  extradition  are  provided  in  the 
act  of  1793.  The  accused  must  be  indicted  in 
the  State  where  the  offense  is  committed;  if 
the  magistrate  before  whom  the  charge  is 
brought  is  satisfied  of  its  truth,  he  issues  a 
warrant  for  the  arrest  of  the  criminal,  and  a 
copy  is  forwarded  to  the  executive  of  the 
State,  who  makes  requisition  for  the  fugitive's 
surrender  on  the  executive  of  the  State  to 
which  he  has  fled.  If  the  latter  is  satisfied  of 
the  legality  of  the  process  and  the  sufficiency 
of  the  evidence  of  guilt,  he  is  to  issue  a  war- 
rant for  surrender;  nut  habeas  corpus  proceed- 
ings may  always  be  interposed.  The  expense 
of  the  proceedings  and  transportation  is  borne 
by  the  State  making  the  demand. 

EXTRAORDINARY  RAY.    See  Light. 

EXTRATERRITORIALITY,  in  interna- 
tional law.  the  privilege  granted  to  citizens  of 
foreign  powers  of  being  exempt  from  the  laws 
of  the  land  of  their  abode  and,  in  general,  of 
enjoying  the  rights  and  privileges  of  their 
country  of  origin.  In  general,  the  right  to  ex- 
ercise state  authority  and  state  law  is  limited 
to  the  territory  of  the  state  in  question  and 
a  strict  limitation  of  this  view  would  place  all 
persons  within  a  state  under  the  laws  of  that 
state,  to  the  exclusion  of  all  other  laws.  In 
the  common  intercourse  between  nations  and 
peoples  there  have  grown  up  certain  well-rec- 


ognized and  clearly-defined  exceptions  to  the 
exclusive  exercise  of  state  authority.  These 
exceptions  are  in  favor  of  sovereigns  or  heads 
of  foreign  states,  their  official  representatives, 
officials  performing  certain  duties  by  authority 
of  a  foreign  state  and  with  the  consent  of  the 
state  in  which  they  operate,  public  vessels  and 
their  crews,  citizens  of  Europe  or  America  in 
certain  Oriental  countries,  and  public  armed 
forces  passing  through  a  foreign  territory.  Ex- 
traterritoriality is  the  ordinary  term  used  to 
designate  the  immunity  from  local  jurisdiction 
enjoyed  by  these  classes,  such  immunity  vary- 
ing according  to  the  official  character,  or  ac- 
cording to  the  state.  Immunities  are  custom- 
ary when  granted  to  certain  official  person- 
ages in  any  foreign  state  and  conventional  in 
the  case  of  other  persons,  whose  treatment  is 
regulated  by  agreement. 

The  head  of  a  foreign  state  is  accorded 
complete  exemption  from  local  jurisdiction. 
His  person  is  inviolable,  nor  is  he  liable  to  any 
laws.  His  suite  are  accorded  equal  privileges. 
Should  he  or  members  of  his  suite  abuse  these 
privileges  the  remedy  is  to  request  him  or  them 
to  leave  the  country,  or  to  expel  them  in  ex- 
treme cases. 

Official  representatives  of  a  foreign  state, 
such  as  ambassadors,  are  granted  immunities 
similar  to  those  accorded  the  head  of  their 
state,  are  inviolable,  exempt  from  civil  and 
criminal  jurisdiction,  enjoy  freedom  of  wor- 
ship, right  of  asylum  and  jurisdiction  over  their 
official  personnel. 

Consuls  are  usually  granted  such  immunity 
as  enables  them  to  perform  their  functions,  in- 
cluding limited  exemption  from  taxation,  ex- 
emption from  military  service  and  jury  duty, 
inviolability  of  office  and  archives. 

Public  vessels,  when  in  the  territorial  waters 
of  another  state,  are  subject  only  to  the  neces- 
sary harbor  regulations  for  safety,  anchoratje, 
etc.  The  personnel  are  exempt  from  local  juris- 
diction while  in  the  performance  of  their  duties. 

Citizens  of  European  and  American  states 
have  been  granted  special  exemptions  in  cer- 
tain Asiatic  countries.  Turkey  after  1535 
granted  almost  total  exemption  from  local  juris- 
diction to  citizens  of  France  and  other  Euro- 
pean powers.  (See  Capitulations,  Turkish). 
In  other  states  of  non-European  civilization, 
such  as  China,  Persia.  Siam,  Morocco  and 
Japan,  the  same  principles  were  applied  as  to 
Turkey.  In  1899  Japan  became  a  member  in 
full  of  the  family  of  nations  when  extraterri- 
torial rights  other  than  those  of  officials  were 
abolished.  In  non-European  countries  several 
of  the  European  states  have  developed  elabo- 
rate judicial  systems  with  jurisdiction  over  the 
persons  and  places  exempt  from  local  jurisdic- 
tion. (See  Intkbnational  Law;  Nationality; 
Sovereignty).  Consult  Moore,  f.  B.,  'Dieest 
of  International  Law*  (1906)  ;  McLaughlin 
and  Hart,  'Cvclopedia  of  American  Govern- 
mcnt*  (New  York  1914). 

EXTRAVAGANTES,  two  collections  of 
decretals  and  constitutions  of  popes  which  were 
made  up  subsequent  to  1317.  Before  .the  Ex- 
Iravagantcs  the  Canon  Law  comprised  the 
Decretum  of  Gratian  (about  1150).  the  Liber 
Sexto*  (1298).  the  Clementina  (1317)  and  sev- 
eral other  official  collections  of  papal  decretals. 
No  further  collections  were  made  by  papal  corn- 


Digitized  by  Google 


EXTRAVAGANZA  -  KYCK 


675 


mand,  nor  were  any  further  collections  officially 
promulgated;  nevertheless,  two  collections 
were  made  by  jurists,  the  Extravagantes  of 
John  XXII  and  the  Extravagantes  Communes ; 
and  these,  though  lacking  official  promulgation, 
came  in  rime  to  be  recognized  as  part  of  the 
Canon  Law.  The  Extravagantes  of  John  XXII 
consist  of  constitutions  of  that  Pope  only;  the 
E.  Communes  comprise  decretals  of  several 
popes  between  1281  and  1484.  The  Extrava- 
gantes are  so  called  because  they  wander  out 
beyond  (extravagantur)  the  limits  of  previous 
collections.  Consult  Bickcll,  J.  W.,  'Uber  die 
Entstehung  und  den  Heutigen  Gebrauch  der 
Beiden.  Extravagantensammlungen  des  Cor- 
pus Juris  Canonici'  (Marburg  1825). 

EXTRAVAGANZA,  eks-trav-a-gan'za,  in 
music  and  the  drama,  a  species  of  composition 
designed  to  produce  effect  by  its  wild  irregular- 
ity and  incoherence;  differing  from  a  burlesque 
in  being  an  original  composition  and  not  a  mere 
travesty.   Sec  Drama;  Stage. 

EXTRAVASATION,  in  contusions  and 
other  accidents,  occurs  when  blood  vessels  are 
ruptured  by  the  injury  and  the  blood  finds  its 
way  into  the  neighboring  tissues.  A  good  illus- 
tration may  be  found  in  an  ordinary  bruise, 
when  the  part  becomes  blue  in  consequence  of 
the  vessels  having  been  ruptured  and  blood  hav- 
ing escaped  into  the  tissues.  Extravasation  in 
the  cranium  is  a  most  serious  accident,  as  the 
pressure  on  the  brain  which  is  the  result  often 
produces  death  very  rapidly.  The  term  is,  how- 
ever, applied  to  the  escape  of  any  fluid  into  the 
tissues  from  the  vessels  or  cavity  containing  it. 

EXTREME  UNCTION,  a  sacrament  of 
the  Roman  Catholic  Church  for  the  bodily  and 
spiritual  comfort  of  the  sick  whose  death  is 
deemed  to  be  imminent.  The  words  of  the 
apostle  Saint  James  in  his  epistle,  ch.  v,  14,  15. 
•Is  any  among  you  sick,"  etc.,  are  interpreted 
as  relating  to  this  sacrament.  The  unction 
therefore  is  adminisfered  to  the  sick  and  to 
those  only  who  are  in  danger  of  death  from 
sickness  or  from  injury  or  accident;  hence,  it 
is  not  administered  to  persons  under  sentence 
of  death,  nor  to  those  about  to  undergo  a  dan- 
gerous surgical  operation,  or  the  like ;  nor  to 
persons  bereft  of  their  reason;  neither  is  it 
administered  to  children  who  have  not  reached 
the  age  of  reason ;  for  the  principal  end  of  this 
sacrament  is,  not  restoration  of  bodily  health, 
but  forgiveness  of  sins.  "If  he  has  committed 
sins  they  shall  be  forgiven  him."  In  the  pas- 
sage from  Saint  James  are  found  all  the  essen- 
tial conditions  of  a  sacrament,  namely,  the 
"outward  sign,"  to  wit :  the  anointing  and  the 
prayer  of  faith ;  and  the  "inward  grace,*  typi- 
fied by  the  outward  sign,  namely,  forgiveness 
of  sins.  The  divine  institution  of  this  sacra- 
ment is  implied  in  the  words  of  the  epistle  of 
Saint  James  where  it  recommends  its  use  and 
declares  its  efficacy  for  the  remission  of  sins. 
Nevertheless  extreme  unction  is  not  adminis- 
tered save  after  the  person  has  made  confession 
of  his  sins  and  received  absolution  in  the  sacra- 
ment of  penance.  In  administering  extreme 
unction  the  priest  performing  the  ceremony 
must  use  olive  oil  that  has  been  consecrated  by 
the  bishop;  he  dips  the  thumb  of  his  right 
hand  into  it  and,  by  marking  them  with  the 
sign  of  the  cross,  anoints  the  organs  of  the  five 
senses,    pronouncing    at    each    anointing  the 


words,  "By  this  holy  unction  and  by  his  most 
tender  mercy  may  the  Lord  forgive  thee  what- 
soever sin  thou  hast  committed  by  sight*  (per 
visum),  or  "by  hearing"  (per  auditum),  etc 
The  origin  and  history  of  extreme  unction  have 
been  subjects  of  extended  and  violent  discus- 
sion and,  as  a  result,  a  large  controversial  litera- 
ture has  come  into  existence.  Extreme  unction 
was  practised  in  the  early  Church,  but  not  until 
the  11th  century  was  it  called  a  sacrament.  Such 
it  was  decreed  by  Pope  Eugenius  IV  at  the 
Council  of  Florence  (a.d.  1439).  Its  ceremo- 
nial, etc.,  was  definitely  established  by  the 
Council  of  Trent  (a.d.  1551).  The  English 
Lutheran  and  other  evangelical  churches  do  not 
admit  the  contention  that  it  is  a  sacrament.  The 
Greek  Church  includes  it  among  its  sacra- 
ments ;  the  application,  however,  diners  in  some 
respect  from  that  practised  by  the  Roman 
Church  and  is  not  limited  to  cases  of  supposed 
mortal  illness.  (See  Sacraments).  Consult 
Buckley,  T.  A.,  transl.,  'The  Catechism  of  the 
Council  of  Trent >  (London  1852)  ;  Puller,  F. 
YV.,  'The  Anointing  of  the  Sick  in  Scripture 
and  Tradition>  (London  1904);  Toner,  P.  J, 
•Extreme  Unction'  (in  'The  Catholic  Encyclo- 
pedia/ Vol.  V,  New  York  1909). 

EXTRUSION.  See  Volcanism  ;  and  sec- 
tion on  Volcanism  in  article  on  Geology. 

EXUMA,  eks-oo'ma,  Great  and  Little, 
two  of  the  Bahama  Islands.  The  Great  Exuma 
is  30  miles  long  and  3  miles  wide  and  has 
a  good  harbor.  Little  Exuma  has  also  a  good 
harbor.  The  two  islands  together  with  Exuma 
Keys  have  an  area  of  about  150  square  miles. 
Pop.  3,465. 

EYAS,  Tas,  in  falconry  (q.v),  a  hawk 
reared  from  the  nest. 

EYB,  ib,  Albrecht  von,  German  author: 
b.  Franconia  1420;  d.  1475.  He  was  educated 
at  Pavia  and  was  made  archdeacon  of  VVtirz- 
burg  at  the  age  of  29.  He  afterward  was  in 
the  service  of  Pius  II.  In  1472  appeared  his 
'Ehestandsbuch,'  a  work  on  marriage,  of 
which  there  have  been  frequent  reprints.  A  re- 
cent edition  is  that  of  Hermann  (Berlin  1890). 
Consult  Hermann,  'Albrecht  von  Eyb  und  die 
Friihzeit  des  deutschen  Humanismus'  (1893). 

EYCK,  Ik,  Hubert  van,  Flemish  painter: 
b.  Maaseyck  near  Liege,  Belgium,  1365;  d.  Ghent, 
18  Sept.  1426.  It  has  been  claimed  that  he  and 
his  brother  Jan  were  the  inventors  of  oil  paint- 
ing. For  transparent  and  hrilliant  coloring  and 
minute  finish  their  works  have  never  been  sur- 
passed. Their  masterpieces  are  for  the  most 
part  in  Ghent.  Bruges,  Antwerp,  Berlin,  Munich 
and  Paris.  The  only  painting  that  can  now 
certainly  be  assigned  to  Hubert  is  the  altar- 
piece  with  folding  doors,  'The  Adoration  of  the 
Lamb,'  begun  by  him  and  finished  by  Jan,  and 
afterward  presented  to  the  cathedral  of  Saint 
Bayon,  Ghent,  where  only  the  two  central  di- 
visions now  remain,  the  wings  being  in  the  gal- 
lery at  Berlin,  with  the  exception  of  those 
representing  Adam  and  Eve,  which  are  in  the 
Brussels  Museum.  The  number  of  authentic 
works  painted  by  the  brothers  is  24,  but  the 
number  of  attributions  at  auctions  between  1662 
and  1912  is  over  400.  Consult  Wcalc.  'John  and 
Hubert  Van  Eyck»  (1908  and  1912). 

EYCK,  Jan  van  (also  called  Jan  van 
Brugge,  or  John  of  Bruges),  Flemish  painter: 
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b.  Maascyck  about  1381 ;  d.  Bruges,  9  July  1441. 
Hubert  (q.v.)  gave  him  his  hrst  instruction  in 
the  principles  of  the  art,  and  his  talents  were 
so  rapidly  and  vigorously  developed  that  he 
soon  surpassed  his  brother.  The  two  resided  at 
Bruges,  then  much  frequented  by  the  noble  and 
the  wealthy  on  account  of  its  flourishing  com- 
merce. About  1420,  or  soon  after,  they  went 
to  Ghent  for  a  considerable  time,  to  execute  to- 
gether a  work  which  Jodocus  Vydt,  a  Flemish 
noble,  had  engaged  them  to  do.  This  is  the 
celebrated  'Adoration  of  the  Lamb'  for  the 
cathedral  of  Ghent ;  a  painting  which  contains 
above  300  figures,  and  is  a  masterpiece.  It  is 
painted  on  wood,  with  side  panels  which  con- 
tain the  portraits  of  the  two  artists  and  also 
of  their  sister  Margaret,  who  it  is  now  believed 
never  had  a  corporeal  existence. 

The  reputation  of  this  celebrated  painter  be- 
came very  notable,  even  during  his  lifetime,  by 
his  great  share  in  the  introduction  of  oil  paint- 
ing; the  original  invention  of  which  has  been 
incorrectly  ascribed  to  him  by  many.  It  was  a 
general  custom,  before  his  time,  to  have  for 
the  background  of  the  picture  a  flat  gold 
ground,  from  which  the  figure  stood  out  with- 
out perspective,  as  may  still  be  seen  in  number- 
less works  of  earlier  date.  Van  Eyck  followed 
this  practice  in  his  earlier  efforts,  but,  as  he 
made  further  advances  in  his  art,  conceived  the 
idea  toward  which  there  had  been  hitherto  only 
some  distant  advances  of  giving  a  more  natural 
grouping  and  perspective  to  his  figures  by  a 
natural  background.  In  this  he  succeeded  so 
eminently,  as  many  of  his  still  remaining  works 
prove,  that  he  may  be  called  in  this  respect  the 
father  of  modern  painting,  since  he  gave  the  art 
a  new  turn  and  impulse,  and  laid  the  foundation 
of  that  high  degree  of  improvement  which  it 
afterward  attained  in  the  brightest  era  of  the 
great  masters  who  succeeded  him  in  the  Nether- 
lands and  in  Italy.  In  the  art  of  painting  on 
glass  he  is  considered  as  the  author  of  the  mode 
of  painting  with  colors  delicately  blended  and 
yet  so  firmly  fixed  that  obliteration  was  impos- 
sible —  an  object  before  attained  only  by  joining 
together  (in  mosaic)  several  small  panes  of  dif- 
ferent colors.  The  school  of  which  he  was,  in 
some  measure,  the  founder,  does  not  yield  in 
celebrity  to  the  best  contemporary  or  succeeding 
artists,  although  it  must  be  allowed  to  be  often 
defective  in  the  representation  of  the  ex- 
tremities of  the  human  body  —  a  fault  oc- 
casioned by  that  excessive  delicacy  which  pre- 
vented the  study  of  naked  forms,  and  of 
anatomy  in  general.  On  the  other  hand,  the 
face,  dresses,  grouping,  distribution  of  light 
and  shade  arc  always  superior,  and  the  color 
brilliant  and  splendid,  in  the  works  of  the 
painter  and  most  of  his  scholars.  Many  of  his 
paintings  are  still  preserved,  either  in  churches 
and  museums,  or  in  private  collections. 

EYDE,  Samuel,  Norwegian  chemist  and 
inventor:  b.  Arendal  1866.  He  was  educated 
in  his  native  country  and  also  in  Berlin.  He 
was  a  practising  engineer  in  Norway,  Sweden 
and  Germany.  With  Dr.  Christian  Birkcland 
of  Christiana,  he  set  about  producing  fertilizers 
from  the  air  (nitrogen)  and  limestone  by  elec- 
tricity. After  a  long  experimental  stage  the 
idea  was  reduced  to  practice  in  1903,  when  they 
began  to  manufacture  the  fertilizer  with  three 
men  and  a  small  motor.  Within  the  following 
10  years  Eydc  had  plants  aggregating  200,000 
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horse  power,  employed  400  chemists,  engineers, 
etc.,  and  about  14,000  other  employees.  The 
output  of  his  works  reached  2,000  barrels  of 
Norway  saltpetre  per  day.  In  1914  he  acquired 
another  plant  with  200,000  horse  power.  Notod- 
den,  Saahcim  and  Eydchavn  arc  now  towns 
supported  entirely  by  these  new  industries. 
The  war  of  1914  hindered  development  along 
the  lines  mapped  out  by  Eyde  but  gave  a  great 
impetus  to  the  manufacture  of  explosives  to 
which  much  of  the  capacity  of  the  plants  was 
diverted  as  early  as  May  1915. 

EYE,  the  peripheral  organ  of  vision.  It  re- 
ceives light-energy,  transforming  it  into  nerve 
stimulus,  which  latter  is  transferred  to  the 
brain  by  means  of  nerve  fibres. 

Anatomy  and  Physiology.— The  human 
eye  has  in  general  a  spherical  form,  with  a 
segment  of  a  smaller  sphere  superadded  ante- 
riorly. The  average  antero  posterior  diameter  is 
24.26  mm. ;  transverse  diameter  23.7  mm.  The 
eyeball  of  a  man  is  slightly  larger  than  that  of  a 
woman.  The  middle  point  of  the  cornea  is 
called  the  anterior  pole,  diametrically  opposite 
to  which  on  the  sclera  is  the  posterior  pole. 
The  line  of  union  between  the  two  poles  is  the 
geometric  axis.  The  equator  of  the  eye  is  a 
circle  equidistant  from  the  poles.    (Fig.  1). 


Piu.  1.  —  Homont&l  section  ol  the  eyeball. 


A  shallow,  circular  furrow  (sulcus  sclera 
cxtcrnus),  filled  out  with  conjunctiva,  separates 
the  transparent  cornea  from  the  opaque  sclera. 
The  cornea  is  elliptical  in  shape,  the  horizontal 
diameter  of  12  mm.  being  slightly  greater  than 
the  vertical  diameter.  Between  the  margin  of  the 
cornea  and  the  equator  are  the  insertion  lines 
of  the  recti  muscles.    (Fig.  2). 

Posteriorly  the  optic  nerve,  with  its  sheaths, 
forms  a  cord,  5  mm.  in  diameter.  Around  the 
nerve  some  20  arteries  (short  posterior 
ciliary  arteries)  enter  the  sclera  to  supply  the 
chorioid.  (Fig.  6).  On  either  side  of  the 
nerve,  in  the  horizontal  meridan,  the  long 
posterior  ciliary  artery  with  its  nerve  pierces 
the  sclera  and  enters  the  perichoroidal  space. 
The  posterior  part  of  the  globe  has  been  called 
the  arterial  half,  because  here  nearly  all  the 
nutrient  blood  enters  the  eyeball.    The  venous 
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blood  leaves  by  way  of  the  venae  vorticosat  — 
two  superior  and  two  inferior,  just  behind  the 
equator.    (Fig.  3). 

The  eye  is  composed  of  a  variety  of  tissues, 
and  is  divided  into  three  main  zones  according 
to  its  development.  The  posterior  zone,  the 
largest,  extends  from  the  entrance  of  the  optic 
nerve  to  the  insertion  lines  of  the  recti  muscles. 
Here  begins  the  middle  zone,  the  anterior  limits 
of  which  arc  marked  by  the  sulcus  sclera?  ex- 
ternus.  The  narrow  anterior  zone  embraces 
cornea  and  iris.  The  cornea  and  sclera  make 
up  the  firm,  fibrous  capsule  of  the  eye,  lending 
form  and  shape  and  protecting  the  delicate  inner 
layers  from  injury. 

There  are  four  principal  coats  to  the  eye- 
ball, i.e.,  (1)  sclera  and  cornea  (fibrous 
capsule) ;  (2)  chorioid  (vascular  layer)  ;  (3) 
pigment  epithelium;  (4)  retina.  (Fig.  7).  In 
the  posterior  zone  all  four  coats  are  easily 
separated  from  one  another.  In  the  middle 
zone  the  sclera  undergoes  no  change,  but  the 
other  three  coats  arc  transformed  into  one 
organ,  the  ciliary  body.  In  the  anterior  zone 
the  sclera  becomes  differentiated  into  the 
cornea;  while  elements  from  the  chorioid,  pig- 
ment epithelium  and  retina  form  the  iris. 

The  contents  of  the  eyeball  are  the  vitreous, 
the  lens  and  the  aqueous.  In  that  part  of  the 
eye  occupied  by  the  aqueous  the  iris  is  sus- 
pended, dividing  it  into  an  anterior  and  a  poste- 
rior chamber.    (Fig.  I). 

On  its  inner  surface  the  sclera  is  separated 
from  the  chorioid  and  ciliary  body  by  the 
perichorioidal  space.  All  the  blood  vessels  and 
nerves  supplying  the  uvea  (that  is  chorioid, 
ciliary  body  and  iris)  pass  through  the  sclera 
in  canals  —  emissaria.  The  sclera  is  divided 
into  three  layers  —  cpisclera,  containing  blood 
vessels  of  its  own  and  having  more  loosely 
arranged  bundles;  scle  ra  proper,  with  its  dense 
texture  and  the  absence  of  vessels,  "and  the 
lamina  fusca.  characterized  by  the  appearance 
of  chromatophores  —  branched  connective  tissue 
cells,  containing  pigment  granules.  (Fig.  7). 
In  general,  the  scleral  tissue  is  that  of  a  tendon. 
In  the  sclera  the  bundles  run  in  every  direction, 
while  in  a  tendon  the  bundles  arc  parallel  with 
one  another.  The  fixed  cells  lie  oetween  the 
bundles.  Posteriorly  the  scl"ra  is  continuous 
with  the  sheath  of  the  optic  nerve;  anteriorly 
it  goes  over  into  the  cornea.  (Fig.  1).  The 
narrow  zone  of  transition  between  the  cornea 
and  sclera  is  spoken  of  as  the  limbus. 

The  cornea  occupies  about  one-sixth  of  the 
circumference  of  the  eyeball.  (Fig.  1).  It 
contains  no  blood  vessels,  but  is  nourished  by 
lymph  from  loops  of  blood  vessels  adjoining  it. 
The  cornea  is  strongly  curved,  and  has  a  weak 
refractive  power  because  it  is  thinner  in  the 
centre  than  at  the  periphery  It  has  five  layers 
(from  without  inward)  —  (1) Epithelium;  (2) 
Bowman's  Membrane;  (3)  Stroma;  (4)  Dcsce- 
met's  Membrane;  (5)  Endothelium. 

The  epithelium  of  the  cornea  is  a  stratified 
pavement  epithelium  of  some  five  or  six  layers. 
The  basal  cells  lying  on  Bowman's  membrane 
are  tall  cylindrical  cells.  In  the  second  layer 
the  cells  become  rather  cuboid  in  shape.  From 
the  third  layer  on  they  grow  flatter,  until  those 
of  the  surface  layer  are  exceedingly  flat.  The 
superficial  flat  cells  present  a  perfectly  smooth 
and  even  surface,  giving  the  cornea  its  bril- 
liancy and  lustre.   Between  the  epithalial  cells 
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are  minute  nerve  endings,  endowing  the 
comea  with  exquisite  sensibility.  Bowman's 
membrane  contains  no  nuclei.  It  has  a  smooth 
anterior  surface,  while  posteriorly  it  merges 
with  the  stroma,  of  which  it  is  considered  a 
modified  part 

The  Stroma  —  substantia  propria  —  com- 
prises about  90  per  cent  of  the  cornea.  It  is 
made  up  of  connective  tissue  lamellar,  running 


in  all  directions.  Between  the  lamellae  are  the 
fixed  corneal  cells.  Leucocytes  wander  into  the 
cornea,  and  into  the  epithelial  layers,  and  are 
called  wandering  cells,  in  contradistinction  to 
the  fixed  cells.  The  stroma  is  covered  on  its 
posterior  surface  by  the  homogeneous,  elastic 
membrane  of  Descemet.  This  is  a  true  mem- 
brane having  two  sharply  defined  contours.  It  is 
of  cuticular  formation,  being  the  product  of  the 


Fig.  3. 


underlying  endothelium.  It  increases  in  thick- 
ness with  age.  A  single  layer  of  endothelial 
cells  lines  not  only  Descemet's  membrane  but 
extends  over  the  trabecular  at  the  angle  of  the 
anterior  chamber  onto  the  anterior  surface  of 
the  iris. 

Opposite  the  external  scleral  furrow,  on  the 
internal  surface  of  the  fibrous  coat  of  the  eye, 
is  another  circular  depression  —  sulcus  scleras 
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intcrnus.  This  is  partly  filled  by  a  loose  mesh- 
work,  triangular  in  shape,  going  over  from  the 
cornea  to  the  iris.  To  the  scleral  side  of  the 
meshwork  one  finds  an  irregular  lumen  —  the 
canal  of  Schlemm.  (Fig.  1).  This  lies  pro- 
tected in  the  sclera  on  all  sides,  except  its  inner 
wall  which  comes  in  contact  with  the  aqueous. 
The  aqueous  finds  its  way  into  the  canal  by  a 
process  of  filtration.  On  the  scleral  side  of 
Schlemm's  canal  tiny  vessels  go  off,  conveying 
the  aqueous  directly  into  the  neighboring  veins. 

The  perichorioidal  space  is  but  a  narrow 
cleft,  traversed  by  delicate  lamella;  extending 
from  the  chorioid  and  cilliary  body  to  the 
sclera.  The  chorioidca  —  vascular  layer  of  the 
eye  —  is  a  thin  brownish  membrane,  divided 
into  three  layers,  (1)  vessel  layer,  (2)  capillary 
layer  (choriocapillaris)  and  (3)  lamina  vitrea. 
(Pig.  7).  The  vessel  layer  comprises  the 
greater  part  of  the  chorioid.  In  the  connective 
tissue  supporting  the  vessels  are  numerous 
chromatophores,  giving  the  chorioid  the  tessel- 
lated appearance  seen  with  the  ophthalmo- 
scope. Most  characteristic  of  the  chorioid  is 
the  capillary  layer,  forming  a  stratum  of  ca- 
pillaries for  the  nourishment  of  the  pigment 
epithelium  and  much  of  the  retina.  The  thin, 
transparent  lamina  vitrea,  like  Descemet's  mem- 
brane, is  of  cuticular  formation  —  the  product 
of  the  overlying  pigment  epithelium.  The  pig- 
ment epithelium  is  an  expanse  of  one  single 
layer  of  hexagonal  cells,  present  everywhere 
from  the  optic  nerve  to  the  pupillary  margin. 
Each  hexagonal  cell  gives  off  a  number  of  proc- 
esses which  project  inward  among  the  rods 
and  cones. 

The  retina  (Fig.  7),  fourth  of  the  principal 
layers  of  the  eyeball,  is  a  soft  transparent  mem- 
brane, extending  from  the  optic  nerve  to  its 
jagged  anterior  margins  —  the  ora  serratea  — 
opposite  the  insertion  of  the  iccti  muscles.  At 
the  anterior  and  posterior  margins  the  union 
between  the  retina  and  adjoining  structures  is 
firm,  but  elsewhere  the  retina  is  held  to  the  pig- 
ment epithelium  only  l>v  the  above  mentioned 
processes.  Therefore,  the  retina  is  very  prone 
to  detachment.  Some  3.5  mm.  to  (he  temporal 
side  of  the  optic  nerve  and  slightly  below 
the  horizontal  meridan  is  the  fovea  centralis. 
Anatomically  this  is  a  flattened  funnel-like 
depression,  caused  by  the  absence  of  nearly  all 
elements  of  the  retina  except  the  cones.  (Fig. 
1).  The  term  macula  lutea  (yellow  spot) 
refers  to  the  orange  color  seen  in  anatomic 
study  of  this  part  of  the  retina. 

The  following  layers  compose  the  retina 
(Fig.  7),  named  from  without  inward;  (1) 
layer  of  rods  and  cones;  (2)  mcmbrana  limi- 
tans  externa;  (3)  outer  nuclear  layer;  (4) 
outer  plexiform  layer;  (5)  inner  nuclear  layer; 
(6)  inner  plexiform  layer;  (7)  ganglion  cell 
layer;  (8)  nerve  fibre  layer;  (9)  mcmbrana 
limitans  interna  The  layers  are  connected 
partly  by  extensions  from  the  individual  ele- 
ment's and  partly  by  a  supporting  framework 
—  the  fibres  of  Mueller. 

The  rods  are  cylindrical  structures;  the 
cones  flask-shape.  Both  possess  a  thinner  outer 
half  and  a  thicker  inner  part  The  rods  con- 
tain the  visual  purple,  which  bleaches  out 
readily  in  the  cadaver  but  regenerates  in  the 
dark  when  the  relationship  to  the  pigment 
epithelium  is  undisturbed.  The  cones  are 
found  in  all  parts  of  the  retina;  in  the  fovea 


there  are  no  rods.  The  niembrana  limitans 
externa  is  a  very  delicate  sieve-like  membrane, 
having  a  perforation  through  which  each  rod 
and  cone  sends  a  prolongation  to  its  own 
nucleus  in  the  outer  nuclear  layer.  The  outer 
plexiform  layer  is  essentially  a  supporting  layer, 
composed  of  proximal  portions  of  rods  and 
cones  on  the  one  side  and  of  fine  extensions 
from  the  inner  nuclear  layer  of  the  other  side. 
The  inner  nuclear  layer  contains  the  nuclei  of 
Mueller's  fibres  and  nerve  cells.  There  are  also 
larger  cells  in  this  layer  provided  with  Nissl's 
granules.  The  sixth  layer,  inner  plexiform 
layer,  resembles  the  outer  plexiform  layer  and 
belongs  to  the  supporting  tissue.  The  ganglion 
cells  of  the  next  layer  are  multipolar  and  send 
off  numerous  dendritic  processes  into  the  under- 
lying inner  plexiform  layer.  The  nerve-fibre 
layer,  with  its  neuroglia  cells,  is  composed  of 
afferent  and  efferent  fibres  passing  to  and  from 
the  optic  nerve.  In  this  layer  the  larger  vessels 
of  the  retina  are  lodged.  Finally,  the  very  thin 
glass  membrane  —  mcmbrana  limitans  interna 
—  separates  the  nerve-fibre  layer  from  the 
vitreous. 

The  retina  is  composed  of  three  neurons,  or 
nervous  units,  named  as  follows  in  the  sense 
of  their  conduction.  The  rods  and  cones,  with 
the  outer  nuclei,  belong  to  the  first  neuron. 
This  unit  serves  for  the  reception  of  the  indi- 
vidual light  impressions.  The  nerve  cells  among 
the  inner  nuclei  form  the  second  unit.  These 
cells  come  in  contact  with  elements  from  the 
first  and  third  neurons.  The  latter  is  repre- 
sented by  the  ganglion  cells,  the  axis  cylinders 
of  which  reach  through  the  optic  nerve,  the 
chiasm,  and  optic  tract  to  the  brain. 

The  rods  and  cones,  outer  nuclear  layer 
and  part  of  the  outer  plexiform  layer  are 
nourished  by  the  chorio-capillaris.  All  the 
other  layers  have  a  vessel  system  of  their  own 
in  branches  of  the  artcria  centralis  retinae  and 
veins  of  the  same  name.  The  blood  vessels  arc 
the  only  elements  in  the  retina  of  mesodcrmic 
origin;  all  else  is  derived  from  the  ectoderm. 
In  the  peripheral  portions  of  many  eyes  one 
encounters  peculiar  cavities  due  to  cystoid  de- 
generation. These  are  the  spaces  of  Lessing  or 
IvanofT's  retinal  oedema. 

The  optic  nerve  (second  cranial)  unites  the 
retina  to  the  brain.  (Fig.  2).  That  portion 
of  the  nerve  lying  within  the  wall  of  the  eye 
is  termed  bulbar  or  intraocular.  The  orbital  or 
retrobulbar  portion  lies  between  the  eyeball  and 
the  canalis  opticus.  Another  division  is  into 
a  medullated  and  non-medullatcd  portion.  At 
the  lamina  cribrosa  the  medullary  sheaths  cease ; 
in  consequence  the  nerve-fibre  layer  of  the 
retina  has  no  sheaths  of  Schwann,  and  is  trans- 
parent. The  cord  is  surrounded  by  three 
sheaths;  outer,  dura  mater;  middle  arachnoid; 
and  inner,  pia  mater  — all  continuous  with  the 
membranes  of  the  brain.  Between  the  dura  and 
the  pia  is  the  intcrvaginal  space.  This  Ss 
divided  by  the  arachnoid  into  two  cavities,  an 
outer,  subdural,  and  an  inner,  subarachnoid. 
Both  communicate  with  spaces  of  the  same 
name  in  the  cranium.  The  pia  mater  closely 
invests  the  nerve  subitance  sending  numerous 
trabeculae  among  the  nerve-fibres  and  separat- 
ing them  into  incomplete  bundles.  About  20 
mm.  behind  the  eyeball  the  central  artery  and 
vein  of  the  retina  enter  the  nerve  at  right 
angles  and  continue  in  its  axis  to  the  retina. 
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They  are  surrounded  by  connective  tissue  car- 
ried in  with  them  from  the  pia  mater.  The 
nervous  element' is  composed  of  extremely  nu- 
merous fibres  estimated  at  half  a  million  or 
more,  with  its  own  supporting  framework  the 

filial  cells.    The  lamina  cribrosa  is  the  per- 
orated space  in  the  sclera  for  the  entrance  of 
the  nerve  fibres. 

The  circular  area  in  the  inner  opening  of  the 
optic  nerve  canal,  corresponding  to  the  area  of 
the  lamina  cribrosa,  is  called  the  disc  or  papilla. 
This  space,  consisting  of  conducting  fibres  only, 
receives  no  impressions,  and  is  known  as 
Mariottc's  blind  spot.  The  cupping  or  hollow- 
ing of  the  disc  may  be  physiological,  or  patho- 
logical as  in  glaucoma.  An  arterial  ring  — 
Circle  of  Zinn  —  surrounds  the  optic  nerve  en- 
trance into  the  sclera. 

The  ciliary  body,  with  a  breadth  of  5  or  6 
mm.,  forms  a  girdle  around  the  eyeball,  cor- 
responding to  the  middle  zone.  It  is  divided 
into  a  flat,  broader  posterior  part  —  orbiculus 
ciliaris  —  which  is  succeeded  anteriorly  by  a 

grstcm  of  some  70  processes  —  corona  ciliaris. 
etween  the  ciliary  processes  are  the  ciliary 
valleys. 

In  the  equatorial  region,  in  the  supracho- 
rioidal  lamillac  smooth  muscle  fibres  make  their 
appearance,  developing  anteriorly  into  the  ciliary 
muscle  —  or  muscle  of  accommodation.  The 
outer  bundles  of  the  muscle  run  in  a  mcri- 
dianal  direction.  This  is  replaced  inwardly  by  a 
system  of  circular  bundles  —  Mueller's  muscle. 
In  myopia  the  meridianal  bundles  are  more 
developed ;  in  hyperopia  the  circular  bundles. 

A  layer  of  blood  vessels  covers  the  inner 
surface  of  the  muscle,  being  a  direct  continua- 
tion of  the  chorioid.  Over  this  vascular  layer 
the  lamina  vitrea  of  the  chorioid  and  the  pig- 
ment epithelium  spread  out.  The  innner  sur- 
face of  the  ciliary  body  is  lined  by  a  single 
layer  of  epithelium  —  which  represents  the 
retina.  This  ciliary  epithelium  is  everywhere 
very  uneven,  due  to  tiny  elevations  and  depres- 
sions to  which  it  clings  —  the  whole  arrange- 
ment forming  the  reticulum  of  Heinrich  Muel- 
ler. Lastly,  the  membrana  limitans  interna 
comes  forward  to  clothe  the  ciliary  epithelium, 
just  as  it  clothes  the  retina  posteriorly.  The 
ciliary  epithelium  secretes  the  aqueous  and  has 
largely  to  do  with  the  nourishment  of  the  lens 
and  vitreous. 

The  iris  has  its  insertion  on  the  anterior 
surface  of  the  ciliary  body.  (Fig.  1).  Severed 
from  connections  it  has  the  form  of  a  circular 
plate  —  like  the  diaphragm  in  optical  instru- 
ments. The  outer  margin  is  the  ciliary  border. 
The  circular  opening  in  the  middle  is  the  pupil. 
This  latter  is  located  slightly  to  the  nasal  side. 
The  anterior  surface  is  divided  by  a  zig-zag 
line  1.5  mm.  from  the  pupillary  margin,  into  an 
inner,  pupillary  zone,  and  an  outer  ciliary  zone. 
Trabeculae  of  connective  tissue  containing  ves- 
sels traverse  the  iris,  converging  toward  the 
centre,  like  the  spokes  in  a  wheel.  Depressions 
between  the  trabeculae  are  termed  crypts.  In 
the  ciliary  zone  running  circularly  are  the  con- 
traction furrows,  corresponding  to  the  creases 
in  the  palm  of  the  hand.  The  lesser  arterial 
circle  of  the  iris  is  situated  under  the  zig-zag 
line.  It  is  formed  by  an  anastomosis  from  the 
radiating  vessels  which  enter  the  root  of  the 
iris.  These  radiating  vessels  are  derived  from 
the  greater  arterial  circle  of  the  iris,  which  is 


located  in  the  vascular  layer  of  the  ciliary  body. 
(Fig.  3).  The  greater  arterial  circle  is  in  turn 
derived  from  an  anastamosis  of  branches  from 
the  two  long  posterior  ciliary  arteries.  When 
the  stroma  is  delicate  the  sphincter  muscle  may 
be  seen  as  a  whitish  hand,  1  mm.  in  width, 
immediately  adjoining  the  pupillary  margin. 

The  stroma  bearing  the  blood  vessels  and 
comprising  the  bulk  of  the  iris  is  a  continuation 
of  the  chorioid.  by  way  of  the  vascular  layer  of 
the  ciliary  body.  The  pigment  epithelium  re- 
mains the  same;  while  the  ciliary  epithelium 
takes  on  pigment;  so  that  the  structures  poste- 
rior to  the  iris  are  protected  from  the  light  by 
two  strata  of  highly  pigmented  cells.  The 
sphincter  and  the  dilitatcr  muscles  are  of 
ectodermic  origin  formed  by  a  differentiation  of 
the  pigment  epithelium.  Other  muscles  of  the 
body  are  of  mesodermic  origin.  The  posterior 
surface  of  the  iris  has  a  very  delicate  system 
of  radiating  and  circular  markings. 

The  iris  varies  greatly  in  individuals.  When 
the  stroma  is  loose  and  sparse  and  contains 
few  chromatophores  the  result  is  the  blue  iris, 
because  the  black  pigment  epithelium  through 
the  delicate  veil  anteriorly  appears  bluish  — 
the  blue  eye.  When  the  stroma  is  heavy  and 
the  chromatophores  numerous  we  have  the 
brown  iris,-  here  the  chromatophores  deter- 
mining the  color.  Aside  from  the  color,  there 
is,  therefore,  an  anatomical  difference  —  the 
blue  iris  being  the  light  thin  one;  the  brown 
iris  the  heavy  thick  one. 

Vitreus,  corpus  vilreum,  is  a  transparent 
jelly-like  substance  consisting  of  an  exceedingly 
delicate  meshwork,  the  interstices  of  which  are 
filled  out  by  fluid.  It  has  the  transparency  of 
water  —  may  be  felt  in  a  basin  of  water  but 
not  seen.  It  contains  no  Wood  vessels,  no 
nerves,  and  depends  for  its  nourishment  on 
adjoining  structures,  principally  the  ciliary  body. 
A  canal  beginning  at  the  front  of  the  papilla 
extends  to  the  lens  —  Cloquet's  canal.  The 
fibrillae  making  up  the  stroma  of  the  vitreus 
have  their  origin  just  anterior  to  the  ora  ser- 
rata,  on  the  orbicularis  ciliaris.  Diseases  of 
the  ciliary  body  readily  affect  the  vitreus. 

The  crystalline  lens  lies  in  a  della — fossa  pa- 
tellaris  —  on  the  anterior  surface  of  the  vitreus. 
(Fig.  1).  It  is  a  transparent  body,  having  the 
shape  of  a  biconvex  lens.  The  centre  of  the 
anterior  surface  is  designated  the  anterior  pole, 
a  similar  point  on  the  posterior  surface  of  the 
posterior  pole.  The  lens  capsule  is  a  typical 
glass  membrane,  like  that  of  Descemet  or  the 
lamina  vitrea  of  the  chorioid.  Lining  the  inner 
surface  of  the  anterior  capsule  is  a  layer  of 
cuboid  epithelial  cells.  At  the  equator  of  the 
lens  these  elongate  to  form  the  lens  fibres. 
Those  layers  of  the  lens  substance  next  to  the 
capsule  comprise  the  cortex.  At  the  centre 
is  a  harder,  denser  mass,  the  nucleus.  The 
lens  grows  larger  throughout  life  tc  make  room 
for  the  ever-increasing  number  of  lens  fibres 
within  its  body. 

Posteriorly  the  lens  is  held  to  the  anterior 
border  layer  of  the  vitreus  bv  a  firm  union  in 
the  shape  of  a  ring  —  Ligamentum  hyaloideo 
capsulare.  The  zonular  fibres  are  the  main  sup- 
port of  the  lens.  They  are  structureless,  non- 
nucleated  fibres,  clear  as  glass.  They  are 
firmly  attached  to  the  ciliary  body  on  the  one 
side  and  to  the  anterior  ana  posterior  surface 
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of  the  lens,  near  the  equator,  on  the  other  side. 
(Fig.  1). 

The  cornea  and  lens  are  the  media  of  the 
eye  principally  concerned  in  the  transmission  of 
light  to  the  retina  and  in  the  formation  of 
images  upon  it.  The  rays  of  light  striking  the 
comea  are  refracted  to  pass  through  the  pupil. 
The  lens  now  brings  them  to  a  focus  on  the 
retina,  producing  an  inverted  image.  The  lens 
by  the  action  of  the  cilHary  body  adjusts  itself 
to  focusing  objects  at  different  distances  — 
accommodation.   When  the  ciliary  muscle  con- 
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tracts  the  lens  increases  its  convexity  and 
shortens  its  focus,  as  in  the  act  of  reading. 
At  about  45  years  of  age  the  lens,  owing  to  the 
sclerosis  of  its  fibres,  begins  to  lose  its 
elasticity.  This  is  the  condition  of  presbyopia 
—  old  sight.  In  myopia  the  focal  image  is 
formed  in  front  of  the  retina,  usually  due  to 
too  great  length  of  the  antero-posterior  diam- 
eter of  the  globe.  In  hyperopia  the  eyeball  is 
too  short.  Astigmatism  is  the  condition  in 
which  the  rays  of  light  do  not  converge  to  a 
point  on  the  retina.  It  is  ordinarily  due  to 
inequality  of  curvature  of  the  cornea  (or  lens). 

By  the  field  of  vision  we  mean  the  space  in 
which  one  can  sec,  while  steadily  gazing  at  a 
point  in  the  direct  line  of  vision.  The  field 
does  not  extend  regularly  in  all  directions.  It 
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reaches  farthest  toward  the  external  side,  where 
it  extends  over  90".  The  field  for  colors  prows 
smaller  in  the  following  order:  blue,  red  and 
green.  Defects  in  the  visual  field  are  termed 
scotomata. 

The  orbit  is  the  pyramidal  cavity  in  which 
the  globe  lies.  Its  walls  are  formed  by  seven 
bones  of  the  face;  namely,  frontal,  sphenoid, 
ethmoid,  nasal,  lacrimal,  superior  maxillary, 
and  palate  tones.  These  bony  walls  separate 
the  orbit  from  the  following  cavities:  the  in- 
tracranial,  the   frontal,   the   nasal,   and  the 


antrum  of  Highmore.  Diseases  of  the  sinuses 
frequently  involve  the  orbit.  The  anterior 
opening  of  the  orbit  is  its  base.'  Here  the  walls 
become  thickened  into  a  strong  bony  rim  — 
margin  of  the  orbit  —  to  defend  the  eyeball 
against  injury.  At  the  upper  margin  of  the 
orbit  is  the  supra-orbital  notch  for  the  passage 
of  artery  and  nerve  of  the  same  name.  At 
the  lower  margin  is  another  notch  for  the  infra- 
orbital artery  and  nerve. 

The  globe  is  lodged  in  the  orbit  in  a  cushion 
of  fat,  and  is  held  in  place  by  connective  tissue, 
the  ocular  muscles,  and  the  eyelids.  The 
periosteum  of  the  orbit  extends  over  its  margin 
anteriorly  to  form  the  fascia  tarso-orbitalis 
Surrounding  the  posterior  two-thirds  of  the 
eyeball,  the  connective  tissue  of  the  orbit  be- 
comes condensed  into  a  capsule  (Tenon's 
capsule  above  mentioned).    (Fig.  2). 

Posteriorly  the  orbit  has  three  apertures : 
(1)  optic  foramen  for  the  optic  nerve  and 
ophthalmic  artery;  (2)  superior  orbital  fissure, 
opening  into  the  middle  fossa  of  the  skull 
and  transmitting  nerves  for  the  ocular  muscles 
and  the  first  branch  of  the  trigeminus ;  (3)  the 
inferior  orbital  fissure,  connecting  the  orbit 
with  the  temporal  fossa  and  serving  for  the 
passage  of  the  second  branch  of  the  trigiminal 
nerve.  Near  the  apex  of  the  orbit  is  the  ciliary 
ganglion,  for  the  supply  of  the  ciliary  muscle 
and  iris.  Abnormal  protrusion  of  the  eye  is 
exophthalmus.  Absence  of  the  bulb  is  anoph- 
thalmuB. 

The  ocular  muscles  are  divided  into  extrinsic 
and  entrinsic  muscles.  The  latter  are  the  dila- 
tator and  the  sphincter  pupillae.  There  are  six 
extrinsic  muscles,  four  recti  and  two  obliques. 
The  four  recti  muscles  and  the  superior  obliques 
have  their  origin  around  the  margin  of  the 
optic  foramen  (Fig.  5),  and  diverge  as  they 
come  forward  to  form  the  muscular  funnel. 
The  four  recti  muscles  are  attached  by  short 
tendons,  to  the  sclera.  7  to  9  mm.  from  the 
cornea  (Fig.  4). 

The  oblique  muscles  have  a  more  compli- 
cated course.  The  superior  oblique  runs  along 
the  upper  inner  wall  of  the  orbit  to  send  its 
tendon  through  the  trochlea  and  thence  back- 
ward to  its  insertion  in  the  upper  half  of  the 
eyeball  behind  the  equator.  The  inferior 
oblique  arises  near  the  lower  inner  margin  of 
the  orbit  anteriorly  and  goes  backward  to  its 
insertion  behind  the  equator  about  in  the 
horizontal  meridian.    (Fig.  4). 

The  muscles  are  innervated  by  three  nerves. 
The  oculo-motor  nerve  supplies  the  internal, 
superior  and  inferior  recti,  and  the  inferior 
oblique.  Also  the  levator  palpebrae  superioris 
and  the  two  interior  muscles  of  the  eye, 
(sphincter  pupillae  and  ciliary  muscle)  are 
innervated  by  it.  The  external  rectus  has  the 
abducens  nerve;  the  superior  oblique  the  troch- 
lear. The  nuclei  for  these  various  nerves  lie 
upon  the  floor  of  the  fourth  ventricle. 

By  the  action  of  the  extrinsic  muscles  we 
use  both  eyes  synchronously  and  have  binoc- 
ular vision.  Disturbance  of  the  muscular  bal- 
ance causes  diplopia,  because  images  are  thrown 
on  non-identical  parts  of  each  retina.  Ortho- 
phoria is  normal  balance  of  the  eye  muscles. 
Strabismus,  squint,  is  the  condition  in  which 
only  one  eye  fixes  an  object  at  a  time.  Par- 
alysis of  the  ocular  muscles  is  ophthalmoplegia. 

The  eyelids  are  in  origin  folds  of  skin 
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(Fig.  2),  which  have  pushed  their  way  over 
the  bulb  to  protect  it.  The  eyebrow,  supcr- 
cilium,  limits  the  upper  lid,  while  the  lower  lid 
passes  without  anv  sharp  line  of  demarkation 
into  the  cheek.  The  palpebral  fissure  separates 
the  two  lids.  Temporarily  the  lids  join  each 
other  at  a  sharp  angle  —  external  can  thus  The 
inner  canthus  is  of  horse-shoe  shape,  embracing 
a  small  fleshy  growth  —  the  caruncle.  The  sur- 
face of  the  lids  next  to  the  globe  is  lined  by 
a  mucous  membrane  —  palpebral  conjunctiva. 
When  the  eyelids  are  shut  the  entire  conjunc- 
tiva forms  a  closed  sac.  Each  lid  is  supported 
by  a  dense  connective  tissue  plate  —  the  tarsus. 
The  upper  lid  is  elevated  by  the  levator  palpc- 
brae  superioris,  which  has  its  origin  at  the  apex 
of  the  orbit,  and  is  inserted  into  the  tarsus. 
The  orbicularis  palpebrarum  closes  the  lids 
This  is  a  flat,  cutaneous  muscle  surrounding  the 
palpebral  fissure  in  the  form  of  a  circle 
Drooping  of  the  upper  lid  is  called  ptosis. 

The  lacrimal  gland,  organ  secreting  the  tear*, 
is  situated  in  a  depression  in  the  upper,  outer 
wall  of  the  orbit,  near  the  margin.  Smaller 
accessory  glands  are  located  along  the  inner 
margin  of  the  upper  tarsus.  The  tears  con- 
tain but  a  small  amount  of  solids,  principally 
sodium  chloride  (hence  salty  tears).  Psychic 
weeping  occurs  only  in  man.  After  removal 
of  the  gland  the  eye  is  kept  moist  by  the  secre- 
tion of  the  conjunctiva.  Through  the  puncta 
the  tears  pass  into  the  canaliculi  and  thence 
into  the  lacrimal  sac.  The  latter  is  contracted 
below  the  nasal  duct,  emptying  into  the  inferior 
meatus  of  the  nose.  Only  wnen  the  secretion 
is  much  increased  does  any  great  quantity  of 
tears  discharge  into  the  nose.  Inflammation  of 
the  tear  sac  is  called  dacryocystitis.  At  the 
free  margin  of  the  lids  there  is  a  narrow  strip 
—  inter-marginal  space  —  where  the  conjunctiva 
and  the  skin  merge.  The  anterior  margin  is 
rounded  and  has  swinging  from  it  the  ci Ilia . 
The  posterior  margin  is  very  sharp.  Just  in 
front  of  it  is  a  row  of  orifices,  mouths  of  the 
meibomian  glands  —  sebaceous  glands  —  em- 
bedded in  the  tarsal  plates.  They  secrete  oil  to 
prevent  the  tears  from  running  onto  the  checks. 
The  modified  sweat  glands  of  Moll  empty  into 
the  follicles  of  the  lashes. 
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Comparative  Anatomy. —  In  man  the  eve 

attains  its  highest  state  of  development.  The 
farther  we  descend  the  scale  of  animal  life 
the  simpler  the  eye  and  the  more  restricted  its 


functions.  In  the  lower  orders  there  are  eyes 
which  distinguish  between  light  and  darkness 
only.  In  the  higher  orders,  as  the  vertebrata, 
the  eyes  perceive  more  or  less  perfect  images. 
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In  many  unicellular  organizations — animals  and 
plants,  bacteria  and  protozoa  —  sensitiveness  to 
light  is  a  property  of  the  body  as  a  whole. 
In  the  more  highly  organized,  multicellular 
animals  certain  cells  have  the  function  of  re- 
sponding to  light,  all  others  having  lost  it. 
The  simplest  form  of  visual  organ  consists  of 
an  epithelial  cell  connected  with  a  nerve  fibre. 
The  cell  has  the  power  of  t^nsforming  light 
into  another  form  of  energy  that  can  be  con- 
ducted along  the  nerve  fibres  to  a  central  nerve 
organ.  The  eye  of  man  is  essentially  reducible 
to  an  enormous  number  of  sensory  epithelial 
cells  united  to  form  the  retina  and  optic  nerve. 
These  latter  are  the  ncce«snry  parts  of  the  eye, 
with  the  formation  of  which  the  development 
of  the  eye  begins.  All  other  parts  of  the  eye 
develop  later,  and  are  designed  for  nutrition, 
protection  or  optical  purposes.  Thus  the 
cornea  and  sclera  protect  the  delicate  retina, 
while  the  chorioid  nourishes  it.  The  cornea 
and  lens  refract  the  light  and  the  iris,  by 
means  of  its  pupil,  regulates  the  amount  of  litjht. 
Man  and  the  higher  animals  are  endowed  with 
two  eyes.  Most  insects  and  some  crustaceans 
have  two  complete  eyes  with  a  number  of  single 
supernumcray  ones.  Some  mollusks  have  as  high 
as  several  hundred  eyes  which  lie  along  their 
mantle. 
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of  the  Eye.—  The  morbid  changes 
of  the  eye  and  its  appendages  vary  according 
to  the  site  of  the  disease.  The  causes  of  dis- 
eases are  in  a  general  way  physical,  me- 
chanical, chemical  or  parasitic.  The  eye  is 
very  tolerant  to  radiant  heat,  because  the  media 
of  the  eye,  which  contain  a  large  amount  of 
water,  absorb  the  heat  rays,  and  do  not  per- 
mit them  to  reach  the  retina.  Injury  to  man 
by  ultra  violet  rays  in  sun  light  occurs  only 
under  very  unusual  circumstances.  Snow  blind- 
ness is  due  to  the  erythema  of  the  lids  caused  by 
the  ultra  violet  rays,  with  consequent  conjunc- 
tivitis and  photophobia.  Injuries  to  the  eye- 
ball are  of  two  kinds  —  the  direct  and  the  in- 
direct. In  direct  injury  the  damage  done  de- 
pends upon  the  nature  of  the  instrument  —  as 
when  a  knife  perforates  the  globe  only  tissues 
in  contact  with  the  blade  are  harmed.  But  when 
the  globe  is  struck  by  a  baseball  or  stone,  in- 
direct injury,  the  harm  done  depends  more  on 
the  anatomy  of  the  organ.  For  instance,  a  se- 
vere blow  on  the  cornea  may  cause  detachment 
of  the  retina,  rupture  of  the  chorioid,  or  dis- 
location of  the  lens.  Foreign  bodies  entering 
the  globe  arc  received  with  different  degrees  of 
tolerance.  Thus,  organic  substances,  as  cilia 
or  particles  of  wood  may  become  incapsulatcd, 
causing  no  subsequent  trouble.  But  steel  in 
the  interior  of  the  globe  becomes  oxidized  by 
the  fluids  and  being  deposited  in  the  uvea 
causes  sidcrosis  bulbi.  Hence  the  importance 
of  its  speedy  removal.  Copper,  of  all  foreign 
substances  in  the  globe,  is  the  least  tolerated. 
A  small  chip  is  sufficient  to  produce  violent  in- 
flammation and  loss  of  the  eye.  The  trau- 
matic uveitis  in  one  eye  caused  by  a  per- 
forating wound  sometimes  produces  a  similar 
disease  in  the  uninjured  eye  —  sympathetic  in- 
flammation. 

The  most  frequent  systemic  diseases  giving 
rise  to  ocular  disturbances  are  syphilis,  tubercu- 
losis, rheumatism,  nephritis,  diabetes,  arterio- 
sclerosis, diseases  of  metabolism  and  chronic  in- 
toxications. Between  the  ages  of  5  and  15,  in 
inherited  syphilis,  the  cornea  often  becomes  the 
scat  of  a  cellular  infiltration  with  new-formed 
blood  vessels  —  the  salmon  patch  —  interstitial 
keratitis.  Those  afflicted  with  the  disease  usu- 
ally exhibit  a  peculiar  formation  of  the  face 
and  head.  The  bridge  of  the  nose  is  sunken  in. 
The  frontal  eminences  are  very  prominent.  The 
incisor  teeth  are  abnormally  shaped  (Hutchin- 
son's teeth).  Frequently  there  is  accompanying 
hardness  of  hearing.  Bad  teeth  are  not  infre- 
quently the  cause  of  ocular  symptoms  and 
disease  —  as  chronic  iritis, — which  clears  up 
when  the  mouth  receives  proper  attention. 
Other  foci  causing  ocular  disorders  may  be 
located  in  the  tonsils,  accessory  nasal  sinuses 
and  intestinal  tract.  Acromegaly  exhibits  man; 
ocular  manifestations,  as  hypertrophy  of  the 
margins  of  the  orbit  and  thickening  of  the  skin 
of  the  lids.  The  accompanying  disease  of  th 
pituitary  body  causes  characteristic  bitemporal 
hemianopsia.  "Graves  Disease"  produce 
exophthalmus.  sometimes  so  great  that  the  lid. 
can  no  longer  cover  the  eyes.  Acquired  syphilid 
is  responsible  for  at  least  25  per  cent  of  all 
cases  of  iritis  Atrophy  of  the  optic  nerve  is 
found  above  all  in  tabes.  It  usually  develop, 
in  the  initial  stanc  of  Iain's,  at  a  time  when  the 
ataxic  symptoms  are  slight  or  absent.  Another 


eye  symptom  which  likewise  makes  its  appear- 
ance early  in  this  disease  is  the  Argyll-Robert- 
son pupil,  in  which  the  pupil  reacts  to  accommo- 
dation and  convergence,  but  not  to  light. 

Many  cases  of  unpaired  vision  (ambly- 
opia) and  of  blindness  (amaurosis)  are  due  to 
poisons  introduced  into  the  system  which  affect 
the  optic  nerve.  Chief  among  these  poisons 
are  alcohol  and  tobacco,  alone  or  combined. 
Other  poisons  causing  amblyopia  are  lead, 
quinine  and  chloral.  Nephritis  (Bnghts 
Disease)  may  cause  oedema  of  the  lids  and 
albuminuric  retinitis.  Diabetes  produces  cata- 
ract and  hemorrhages  in  the  retina. 

Bibliography. —  Fuch's  'Text  Book  of 
Ophthalmology >  (Philadelphia  1917);  Week's 
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(Chicago  1912);  May,  'Manual  of  the  Diseases 
of  the  Eye>  (New  York  1914). 
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EYE  STRAIN,  the  result  of  using  the 
eyes  under  adverse  conditions.  It  is  occasioned 
frequently  by  a  lack  of  balance  of  the  ocular 
muscles,  but  may  be  due  also  to  the  use  of  im- 
proper glasses  or  to  the  need  of  glasses.  Its 
effects  arc  serious;  it  is  a  great  cause  of  waste 
of  nerve  force,  causes  headache,  hysteria, 
chorea,  convulsions,  etc.  It  is  remedied  by 
proper  glasses  or  by  surgical  operation. 

EYEBRIGHT,  a  common  name  for  the 
plants  of  the  genus  Euphrasia  (q.v.). 

EYEPIECE,  the  lens  or  system  of  lenses  in 
any  optical  instrument  which  lies  next  the  eye 
and  enables  the  image  formed  at  the  focus  of 
the  instrument  to  be  observed  Its  purpose  is 
to  form  the  image  of  a  large  field  by  pencils 
which,  since  they  must  enter  the  pupil  of  the 
eye,  are  necessarily  of  small  divergence.  Eye- 
pieces arc  usually  made  of  two  lenses.  The 
lens  nearer  the  eye  is  called  the  eye-lens,  the 
other  the  field-lens.  In  the  Ramsden  eyepiece, 
eye-lens  and  field  lens  are  equal  and  plano- 
convex, and  have  the  convex  sides  turned 
toward  one  another.  In  the  Huygcns  eyepiece 
the  field-lens  has  a  larger  focal  length  than 
the  eyepiece,  and  the  curved  surface  of  both 
lenses  are  turned  toward  the  object.  These 
eyepieces  are  used  both  for  microscopes  and  for 
telescopes  and  give  inverted  images.  For  erect 
images,  as  in  opera  glasses,  a  convergent  eye- 
piece is  used,  or  where  a  larger  field  of  view  is 
desired  the  inverting  eyepiece  of  an  ordinary 
telescope  is  used  to  magnify  an  image  which  is 
itself  inverted  by  a  convergent  system  of  lenses 
between  the  objective  and  the  eyepiece  proper, 
or  bv  a  system  of  two  right-angled  reflecting 
prisms,  as  in  the  Zeiss  binocular. 
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EYESIGHT  IN  THE  LOWER  ANI- 
MALS presents  some  curious  differences 
from  that  in  man  and  his  nearer  allies.  The 
rudimentary  eyes  of  the  lower  invertebrates  can 
hardly  be  of  more  service  than  to  convey  an 
impression  of  the  difference  between  day  and 
night;  many  such  come  out  of  the  ground,  or 
rise  to  the  surface  of  the  sea,  at  night  to  sink 
again  into  darkness  when  the  sun  rises.  In 
echinoderms,  the  starfishes  for  example,  eyes 
arc  found  that  contain  "many  clear  oval  bodies 
imbedded  in  pigment,  which."  Huxley  says,  "ap- 
pear to  represent  the  crystalline  cones  of  a  com- 
pound eye."  (See  Lye).  Among  mollusks 
the  organs  of  vision  range  from  none  at  all  in 
certain  deep-sea  species  through  all  degrees  of 
complexity  to  the  highly  developed  eyes  of  the 
squid.  Bivalves  that  creep  about  near  shore, 
daily  exposed  between  tides  and  subject  to  cap- 
ture, have  many  eye-spots  on  the  edge  of  the 
mantle,  which  are  so  sensitive  that  the  shadow 
of  a  boat  or  of  a  man  will  cause  instant  closure 
of  the  shells.  This  is  most  noticeable  in  the 
scallops  (Pectcn),  where  a  row  of  eyes  gKstcn 
like  jewels  when  the  shell  is  open;  and  in  the 
ark-shclls  (Area),  where  a  great  number  of 
eyelets  are  gathered  in  round  groups  forming 
compound  eyes.  In  most  univalve  mollusks 
there  are  two  eyes  on  the  head  at  the  base  of 
the  "feelers"  ;  but  in  the  land-snails  the  eyes  are 
usually  at  their  tips.  Lxperiments  show  that 
snails  are  very  short-sighted  and  see  better  in  a 
subdued  than  in  a  bright  light ;  but  some  seem 
to  perceive  subjects  well  several  inches  away. 
The  eje  of  an  octopus  or  a  squid  is  very  large 
and  perfect,  and  as  useful  as  that  of  a  preda- 
tory fish  which  the  squid  resembles  in  habits. 
Among  the  trilobites  and  Crustacea,  also,  the 
agile,  prey-hunting  species  are  provided  with 
efficient  compouna  eyes,  usually  set  at  the  end 
of  stalks  that  may  be  turned  in  any  direction. 
These  eyes  are  always  compound,  like  those  of 
insects  —  that  is,  consist  of  a  honcy-comb-likc 
aggregation  of  somewhat  modified  simple  eyes 
(facets)  backed  by  one  retina.  Through  each 
facet,  it  is  helieved,  falls  an  exceedingly  fine 
pencil  of  light,  revealing  a  very  small  part  of 
the  field  of  vision.  These  combined  fragments 
are  supposed  to  form  a  sort  of  mosaic  picture 
on  the  retina  and  in  the  insect's  brain;  and  its 
field  of  view  must  depend  on  the  number  of 
facets  and  the  approximation  to  the  globular 
form  of  the  whole  external  eye.  The  nature 
and  value  of  insect-vision  has  been  much  dis- 
cussed. Carpenter  ('Insects  and  their  Structure 
and  Life'  1899),  reviewing  the  controversy,  con- 
cludes that  the  compound  eye  is  especially 
adapted  for  perceiving  sensations  of  light  and 
motion  rather  than  of  form.  There  is  reason 
to  believe  that  such  eyes  do  not  perceive  objects 
at  a  greater  distance  than  six  feet,  while  there 
is  no  doubt  that  they  arc  able  to  nppreciatc 
color-sensations;  in  fact,  the  theory  of  the 
cross-fertilization  of  flowers  by  insects  larjrcly 
depends  on  this  assumed  ability.  Dragon-flics, 
which  have  very  large  protruding  eyes,  of  many 


thousand  facets,  often  approach  close  to  a, per- 
son and  hover  there,  evidently  studying  the  de- 
tails of  the  moving  object  (one's  self)  that  has 
attracted  their  attention. 

Vision  among  fishes  is  adapted  to  the 
medium  in  which  they  live,  and  varies  from 
total  atrophy  of  the  eyes  in  subterranean  waters 
and  sea-abysses  to  eyes  so  large  as  to  equal  half 
the  head.  The  relative  size  and  position  of  the 
eyes  in  the  head  varies  with  habits  in  a  bewil- 
dering degree,  as  fishes  depend  largely  on  eye- 
sight for  finding  food  and  escaping  enemies. 
Those  that  creep  along  the  bottom,  or  dwell  at 
intermediate  depths,  for  instance,  have  the  eyes 
on  top  of  the  head,  looking  upward;  but  to 
catalogue  these  adaptations  would  require  a 
long  essay.  In  most  of  the  families  the  eyes 
arc  so  situated  in  the  side  of  the  head  that  the 
vision  is  monocular  —  that  is,  only  one  eye  can 
be  used  at  a  time  for  viewing  an  object.  The 
species  that  chase  fleeing  prey,  however,  can 
look  forward  with  both  eyes.  Such  eyes  need 
to  change  the  focus  rapidly,  and  this  quick  ac- 
commodation to  distance  is  not  effected  by  an 
alteration  of  the  convexity  of  the  lens,  as  in 
birds  and  mammals,  but  by  a  muscular 
change  in  its  position  with  regard  to  the 
retina.  The  structure  of  the  fish-eye  is 
substantially  the  same  as  that  of  the  human 
eye,  with  the  important  exception  that 
in  all  deep-sea  fishes  only  the  rods  (see 
Eye)  exist  in  the  retina,  the  cones  being  ab- 
sent; the  conclusion  is  that  these  fishes  do  not 
perceive  color,  which  seems  to  be  the  special 
function  of  the  cones.  Furthermore,  a  differ- 
ence in  the  retina  of  the  deep-sea  fishes  and 
other  creatures  indicates  that  these  animals  are 
"day  blind,"  that  is,  have  eyes  adapted  to  the 
gloom  in  which  they  constantly  live  and  are 
blinded  by  the  glare  of  a  strong  light.  It  ap- 
pears, however,  that  there  is  no  regular  de- 
crease in  size  of  the  eye,  from  a  small  or  nor- 
mal form  at  the  surface  to  the  immense  and 
well-developed  eye  that  characterizes  many  of 
the  fishes  dwelling  in  the  oceanic  abysses.  The 
pelagic  fishes  with  largest,  most  efficient  eyes, 
are  those  living  at  a  depth  of  from  one  to  300 
fathoms  and  possessing  light-organs,  while 
below  that  stratum  both  light-organs  and 
eyes  decrease  in  size  until  the  deep  floor  of  mid- 
ocean  is  reached,  when  again  big-eyed  species 
occur.  The  only  present  explanation  of  the 
latter  fact  is  that  those  abysses  are  lighted  by 
the  glow  of  innumerable  phosphorescent  inver- 
tebrates, by  whose  light  the  fish  seek  their  food. 

Little  need  be  said  of  the  vision  of  am- 
phibians and  reptiles,  which  is  probably  rather 
dull  and  restricted.  These  animals,  like  many 
fishes,  depend  more  on  the  sense  of  smell  than 
on  sight  to  guide  their  actions,  and  have,  in 
addition,  good  hearing 

Vision  of  Birds. —  The  power  of  vision  at- 
tains its  highest  development  among  birds ;  and 
nowhere  but  in  human  faces  is  the  eye  so  ex- 
pressively beautiful  or  so  exquisitely  adapted  to 
its  service  as  an  optical  instrument.  Birds 
possess  the  keenest  and  most  farsightcd  vision, 
and  also  extraordinary  power  of  swiftly  alter- 
ing the  focus  of  the  eye  to  changing  distances, 
accompanied  by  astounding  acuteness  in  mental 
calculation.  A  swallow  or  nighthawk  sweeping 
and  dodging  in  the  air  is  catching  insects  almost 
invisible  to  our  eyes  and  excessively  agile;  a 
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hawk  chasing  a  swift-winged  and  quick-turning 
sparrow  or  a  leaping  grasshopper  must  have 
eyes  that  can  follow  exactly  every  movement. 
More  wonderful  is  the  work  of  an  eagle  or 
vulture,  which  while  soaring  so  high  in  the  sky 
that  it  appears  to  us  a  mere  speck  sees  and  de- 
fines an  object  on  the  ground  that  we  could 
hardly  notice  or  recognize  at  a  hundred  yards, 
and  darts  down  upon  it  with  the  speed"  of  a 
bullet.  Imagine  the  farsightcd  keenness  of  this 
act  and  then  the  perfection  of  the  apparatus 
by  which  the  focus  of  the  eye  is  changed  in 
accord  with  the  speed  of  the  bird's  descent, 
keeping  the  object  always  in  clear  view  and 
stopping  at  precisely  the  right  instant  to  escape 
collision.  A  hummingbird  will  dash  past  one's 
eyes  like  a  gleam  of  light  and  halt  at  rest  on  a 
twig  without  fail.  A  woodcock  or  partridge 
will  rush  at  high  speed  through  a  tangled  wood 
and  never  touch  a  twig.  These  feats  arc  evi- 
dence of  the  perfection  of  birds'  eyes,  especially 
in  the  faculty  of  accommodation  to  quickly 
varying  distances. 

Eyesight  among  mammals  is  relatively  less 
important  than  among  birds,  or  even  to  man- 
kind, for  their  alert  hearing  and  keen  sense  of 
smell  give  them  much  information.  Vision 
among  them  varies  with  their  manner  of  life, 
and  is  restricted  to  their  needs  in  each  case. 
The  most  farsighted  and  useful  vision,  prob- 
ably, is  that  of  the  large  grazers  on  the  plains 
—  deer,  antelopes,  giraffes,  horses,  etc.,  al- 
though they  use  but  one  eye  at  a  time.  The 
beasts  of  the  chase,  like  owls  among  birds,  have 
eyes  in  front,  so  that  they  observe  with  both  at 
once,  and  of  these  perhaps  the  wolves,  foxes 
and  wild  hunting  dogs  are  best  endowed. 
Here  as  elsewhere  structure  of  the  eye  and 
quality  of  vision  are  in  adaptation  to  the 
habitual  needs  of  each  kind  of  animal,  and  are 
always  correlated  with  the  power  of  loco- 
motion. 

Ernest  Ingeksoll. 

EYETEETH,  CANINE  or  CUSPIDATE 
TEETH,  two  teeth  in  the  upper  jaw.  the  fangs 
of  which  project  in  the  direction  of  the  eye. 
See  Teeth. 

EYLAU,  i'low,  or  PRUSSIAN  EYLAU. 

Germany,  town  on  the  Pasmar  River  and  the 
lake  of  Arschen,  22  miles  south  of  Konigsbcrg. 
It  was  the  scene  of  a  battle,  fought  7-8  Feb. 
1807,  between  the  French  under  Napoleon 
(q.v.)  on  the  one  side  and  the  allied  Russians 
and  Prussians  on  the  other  side.  (See  Ney). 
The  French  force  numbered  about  70,000,  of 
whom  fully  18,000  were  killed.  The  allied  forces 
were  about  the  same  in  numbers,  with  a  loss  of 
more  than  18,000.  Pop.  about  3,000. 
EYLAYET.   See  Vilayet. 

EYMERICUS,  Nicolas,  Spanish  theo- 
logian: b.  Gcrona,  Catalonia,  1320;  d  139°. 
In  1334  he  entered  the  Order  of  Preachers, 
later  attaining  the  rank  of  Grand  Inquititor. 
He  also  was  appointed  chaplain  to  Pope  Greg- 
ory XI  and  judge  of  heretics  in  1356.  He  lived 
many  years  at  Avignon  during  the  reigns  of 
Clement  VI  and  Benedict  XIII.  He  was  the 
author  of  the  severe  '  Dircctori urn  Inquisitorum,> 
which  was  the  standard  code  of  procedure  in 
the  Inquisition  for  nearly  one  hundred  years. 

EYNARD,  a'niir,  jean  Gabriel.  French 
banker  -,  h.  Lyons,  1775;  d.  1863.   For  his  partic- 


ipation in  the  outbreak  at  Lyons  against  the 
Convention,  Eynard  became  persona  non  grata 
Ic  the  authorities  and  sought  aslyum  in  Switz- 
erland and  later  in  Genoa,  where  he  amassed 
a  fortune.  In  1810  he  removed  to  Geneva,  and 
was  Ambassador  of  the  Geneva  Republic  at 
the  Congress  of  Vienna  in  1815.  In  the  follow- 
ing year  he  helped  to  organize  the  administra- 
tion of  Tuscany,  which  he  represented  at  the 
Congress  of  Aix-la-Chapelle  in  1818.  He  ad- 
vocated the  independence  of  Greece  and  for  his 
services  to  this  cause  was  made  a  Greek  citizen. 
His  personal  contribution  to  the  Greek  revolu- 
tionaries amounted  to  Fes.  700,000  ($140,000). 
His  recommendation  of  Otho  of  Bavaria  for 
the  throne  of  Greece  was  adopted.  He  be- 
queathed his  fortune  of  about  $12,000,000  to 
various  charitable  enterprises.  He  wrote  'Let- 
tres  et  documents  officicls  rclatifs  aux  divers 
evenements  de  Grece'  (1831)  and  'Vie  de  la 
baronne  Krudener'  (1849).  Consult  Roth- 
plctz,  'Der  Genfer  Jean  Gabriel  Eynard  als 
Philhellene>  (Zurich  1900). 

EYRE,  ar,  Edward,  American  financier:  b. 
Dublin,  Ireland,  25  March  1851.  He  was  edu- 
cated at  the  Jesuit  school,  Belviderc  Place,  Dr. 
Quinn's  Preparatory  School,  and  at  Trinity  Col- 
lege. He  entered  the  employ  of  Grace  Brothers 
and  Company,  becoming  junior  partner  in  1876 
and  full  partner  four  years  later.  He  was  one 
of  the  original  founders  of  Grace  House,  Chile, 
in  1882,  and  became  successively  manager,  vice- 
president  and  president  of  the  W.  R.  Grace 
Company,  New  York,  in  1903-06.  Since  1906 
he  is  a  member  of  the  board  of  managers  of 
the  London  branch  of  \V.  R  Grace  Company. 
Mr.  Eyre  took  prominent  part  in  bringing  about 
a  settlement  of  Peru's  foreign  debt  after  the 
war  with  Chile,  and  for  some  time  was  mana- 
ger of  the  railroad  systems  handed  over  by 
Peru  to  its  creditors.  In  1892  he  negotiated 
with  Chile  for  the  settlement  of  the  claims 
against  her  made  by  the  holders  of  the  Peru- 
vian bonds,  due  to  the  seizure  by  Chile  of  the 
guano  deposits  and  other  properties  which 
formed  part  of  the  guarantee  of  trie  bonds  from 
Peru.  In  1898  Mr.  F.yre.  on  behalf  of  an 
American  syndicate,  obtained  from  Nicaragua 
a  concession  for  the  construction  of  an  inter- 
oceanic  canal  through  that  country,  the  project 
being  subsequently  held  up  by  the  government 
of  the  United  States;  the  text  of  this  conces- 
sion was  used  later  by  the  United  States  gov- 
ernment in  its  treaty  with  Colombia  and  appears 
almost  verbatim  in  the  treaty  actually  concluded 
between  the  United  States  and  the  Republic  of 
Panama.  Mr.  Eyre  was  a  member  of  the 
board  of  directors  of  'The  Catholic  Encyclo- 
paedia' and  the  council  of  the  Westminster 
Catholic  Federation  and  is  an  ex-president  of 
the  Marquette  League.  He  published  a  criti- 
cism of  Viscount  Rryce's  'South  America:  Ob- 
servations and  Impressions.' 

EYRE.  Edward  John,  English  explorer 
and  colonial  governor:  b.  Yorkshire,  5  Aug. 
1815;  d.  Tavistock,  Devonshire,  30  Nov  1001. 
He  went  to  Australia  in  1833;  in  1839  dis- 
covered Lake  Torrens,  and  in  1840  explored  its 
eastern  shores  and  the  adjacent  Flinders  Range. 
He  then  commenced  his  perilous  journey  along 
the  shores  of  the  Great  Australian  Bight,  and 
reached  King  George's  Sound,  in  western  Aus- 
tralia, a  distance  of  1,200  miles,  accompanied  by 
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a  single  native  boy,  having  left  Adelaide  more 
than  a  year  before.  In  1845  he  published  'Ex- 
peditions into  Central  Australia.'  After  filling 
several  governorships  he  was  appointed  govern- 
or of  Jamaica  in  1862.  In  1865  he  was  con- 
fronted with  a  negro  rebellion  which  he  crushed 
with  some  severity,  and  was  recalled.  On  his 
return  to  England  John  Stuart  Mill  and  others 
took  measures  to  have  him  indicted  for  murder, 
but  failed.  In  regard  to  this  question  Carlylc 
was  one  of  his  most  strenuous  defenders. 

EYRE,  Sir  James,  English  jurist :  b.  Wells, 
Somersetshire,  1734;  d.  1  July  1799.  In  1747 
he  was  appointed  scholar  of  Winchester  and 
two  years  later  became  a  student  of  St.  John's 
College,  Oxford.  In  1753  he  went  to  London 
took  up  the  study  of  law,  and  in  1755  was  called 
to  the  bar.  He  became  counsel  to  the  Corpora- 
tion of  London  and  recorder  in  1763.  In  1772 
he  was  made  Baron  of  the  Exchequer  and 
knighted,  becoming  chief  Baron  15  years  later. 
In  1793  he  was  made  chief  justice  of  the  Court 
of  Common  Pleas.  From  June  1792  to  Jan. 
1793  he  was  chief  commissioner  of  the  Great 
Seal.  Consult  Foss,  'Lives  of  the  Judges  of 
England'  (1848-64). 

EYRE,  Jane.   See  Jane  Eyre, 

EYRE,  Jehu,  colonel  in  the  Continental 
army:  b.  10  Jan.  1738;  d.  July  1781.  Eyre  is 
the  name  of  a  family  that  for  seven  centuries 
has  been  famous  in  the  English  history,  the 
founder  having  come  over  the  sea  with  Wil- 
liam the  Conqueror.  The  legendary  account 
states  that  when,  at  the  battle,  of  Senlac,  or 
Hastings,  the  Norman  leader,  early  in  the  con- 
flict, was  knocked  by  a  missile  off  his  horse, 
he  lay  senseless  on  the  ground,  until  a  soldier 
stepped  forward  and  loosened  his  visor,  which 
gave  him  air.  Thereupon  William,  reviving, 
asked  for  his  benefactor  and  knighted  him  on 
the  spot,  giving  him  the  name  of  "eyre" — one 
of  the  variants  of  a  word  that  is  older  than 
English  spelling.  In  the  feudal  division  of  land, 
this  Norman  Baron  le  Eyr  —  whose  crest  was 
a  leg  in  armor,  couped  and  spurred,  he  having 
lost  a  leg  in  the  battle  —  was  given  a  fief  in 
Nottingham,  the  manor  house  being  at  Rampton. 
The  family  is  now  extinct  in  the  peerage.  The 
first  American  ancestor,  George  Eyre,  coming 
from  Worksop,  settled  at  Burlington,  N.  J., 
and  married  in  a  family  of  Friends.  He  had 
three  sons  who,  in  the  Revolution,  became 
•Free"  or  "Hickory"  Quakers  and  were  prom- 
inent in  the  service  of  the  Continental  Con- 
gress. Coming  to  Philadelphia  to  learn  ship- 
building, two  of  the  sons  married  sisters,  the 
daughters  of  their  master. 

On  the  fall  of  Fort  du  Quesnc  and  its  re- 
naming after  Pitt,  Jehu  Eyre  traveled  with  a 
party  of  his  mechanics  to  build  boats  for  the 
transportation  of  the  King's  forces  down  the 
Ohio.  While  there,  he  learned  about  cannon 
and  artillery,  visiting  also  Braddock's  Field  — 
then  piled  with  the  bones  of  the  slain.  After 
the  Lexington  news,  he  organized  in  Philadel- 
phia a  military  company,  which  guarded  Inde- 
pendence Hall.  Be  sides  providing  boats  for  the 
crossing  of  the  Delaware,  he  took  part  in  the 
battle  of  Trenton  and  Princeton ;  in  which 
latter,  his  younger  brother,  Colonel  Benjamin 
George,  was  aide  to  Washington.  In  1777,  Jehu 
was  made  colonel  of  an  artillery  regiment  which 
served  at  Brandywinc,  wintered  at  Valley  Forge, 


and  garrisoned  the  forts  on  the  Delaware,  while 
Proctor,  with  his  artillery,  was  away  on  Sulli- 
van's Expedition  (q.v).  He  left  five  children. 
Consult  Keyser,  *  Pennsylvania  Magazine  of 
History  and  Biography  (1879). 

William  Elliot  Griffis. 
EYRE,  Wilson,  American  architect:  b. 
Florence,  Italy,  30  Oct.  1858-  He  was  educated 
in  Italy  until  1869,  at  Newport,  R.  I.,  from 
1869  to  1872,  at  Lenoxville,  Canada,  from  1872 
to  1874,  and  at  the  Massachusetts  Institute  of 
Technology,  where  he  was  graduated  in  1876. 
From  18/6  to  1881  he  was  with  James  P.  Sims 
and  from  1881  to  1912  was  in  independent 
practice.  In  the  latter  year  he  became  senior 
partner  with  John  G.  Mcllvaine.  He  has  built 
many  buildings  in  Philadelphia  and  New  York, 
also  several  buildings  for  Newcomb  Memorial 
College,  New  Orleans,  the  Detroit  Club, 
Detroit,  etc.  He  is  a  member  of  the  American 
Institute  of  Architects,  the  National  Academy, 
etc. 

EYRE  LAKE,  a  salt  lake  of  South  Aus- 
tralia, lying  due  north  of  Spcnter  Gulf,  35 
feet  below  sea-level,  in  the  driest  part  of  tile 
continent,  where  the  rainfall  is  only  five  inches 
per  annum.  Area  3,706  square  miles.  During 
Mcsozoic  times,  a  large  gulf  extended  from  the 
Gulf  of  Carpentaria  to  Lake  Eyre.  Its  southern 
arm  usually  contains  salt  water;  the  remainder 
is  a  vast  salty  plain  formed  from  alluvium 
carried  down  by  the  large  rivers  of  Central 
Australia  which  now  enter  it  only  at  flood  time. 

EYRIA  (I'rl-a)  PENINSULA,  on  the 
south  coast  of  South  Australia,  triangular  in 
shape,  its  base  being  formed  by  the  Gawlcr 
Range,  while  its  sides  are  washed  on  the  south- 
east by  Spencer  Gulf,  and  on  the  southwest  by 
the  Great  Australian  Bight.    It  is  a  rich  wheat- 


EYTELWEIN,  ftel-vtn,  Johann  Albert, 

German  engineer:  b.  Frankfort-on-the-Main, 
1764;  d.  1848.  In  1799  he  became  director  of 
the  Berlin  Architectural  School ;  afterward  he 
was  placed  in  charge  of  the  hydraulic  operations 
for  improving  the  navigation  of  the  Niemcn. 
Oder,  Warthe  and  Weichsel.  He  also  had 
charge  of  harbor  improvements  at  Memel,  Pil- 
lau  and  Swincmiinde.  He  established  a  system 
of  weights  and  measures  for  the  kingdom  of 
Prussia.  His  works  include  'Praktische  Anwei- 
sung  zur  Bauart  dcr  Faschinenwerke  an  Fliis- 
scn  und  Strdmen'  (2d  ed.,  1818);  'Vcrglci- 
chung  in  den  preussischen  Staaten  eingefuhrtcn 
Masse  und  Gewichte'  (2d  ed.,  1910);  «Hand- 
buch  der  Statistik  fester  Korper'  (2d  ed., 
1832);  <Handbuch  der  Hydrostatik'  (1826); 
'Aufiosung  der  hohern  numerischen  Glcichun- 
gen>  (1837). 

EYTH,  Eduard,  Id'oo-ard  It,  German  poet: 
b.  Heilbronn,  Wurtemherg,  2  July  1809;  d.  New 
Ulm,  28  April  1884.  He  was  author  of  a  volume 
of  <Poems»  (1843);  Pictures  in  Frames' 
(1856) ;  and  a  version  of  the  'Odyssey.* 

EYTH,  Max,  German  agriculturist :  b. 
Kirchheim-unter-Teck  1836;  d.  1°06.  He  came 
to  England  in  1861,  and  entered  Fowler's  agri- 
cultural implement  works  at  Leeds  as  engineer 
that  same  year.  In  1863-66  he  served  in  Egypt 
as  chief  engineer  to  Halim  Pasha,  and  intro- 
duced the  steam  plow  into  Egypt.  He  pub- 
lished   <Das    Agrikulturwescn    in  *:<nmtMi> 
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(1867);  'Steam  Cable  Towing'  (1868);  'Das 
Wasser  im  altcn  und  ncuen  vEgypten'  (1891); 
'Wanderbuch  eines  Ingenieurs:  In  Briefen' 
(1871-84);  'Lcbcndigc  Krafte'  (1905). 

EYTINGE,  et'ting.  Rose,  American  actress  : 
b.  Philadelphia,  21  Nov.  1838;  d.  1911.  She 
made  her  debut  as  an  amateur  in  Brooklyn. 
N.  Y.,  1852,  and  the  following  year  played 
through  the  West  in  a  stock  company.  From 
1862  to  1869  she  played  in  various  theatres  in 
New  York  and  then  went  abroad  with  her 
second  husband,  George  H.  Butler,  consul- 
general  to  Egypt  On  her  return  thence  in  1871 
she  took  the  role  of  Cleopatra  at  the  Broadway 
Theatre,  to  the  Antony  of  Frederick  Warde. 
Among  her  parts  were  Nancy  Sykes  in  'Oliver 
Twist';  Gervaise  in  'Drink';  Ophelia  to  the 
Hamlet  of  the  E.  L.  Davenport,  and  Desdemona 
with  James  W.  Wallack  as  Othello  and  Daven- 
port as  Iago.  She  created  many  parts,  including 
Rose  Michel,  Amande  Chanaoce  in  'Lea 
Astray,*  and  Felicia  in  the  play  of  that  name, 
but  was  especially  successful  in  her  playing  of 
Shakespearean  roles,  notably  Cleopatra,  Lady 
Macbeth  and  Hermione  (in  the  'Winter's 
Tale').  She  wrote  'It  Happened  This  Way,' 
a  novel;  *Golden  Chains^  a  play;  and  has 
dramatized  Browning's  'Colombe's  Birthday,' 
and  Dickens'  'Dombcy  and  Son'  ;  'David  Cop- 
perfield';  Oliver  Twist';  'Tale  of  Two 
Cities.'  She  also  published  'Recollections,' 
and  'Memories'  (1905).  Consult  Clapp  and 
Edsrett,  'Plavcrs  of  the  Present'  (New  York 
1899);  and  "Winter,  'The  Wallet  of  Time' 
(2  vols,  ib.,  1913). 

EYUK,  i-yook.  Asia  Minor,  a  village  situ- 
ated about  75  miles  southwest  of  Amasia,  and 
noted  for  its  remarkable  groups  of  ruins.  The 
ruins  are  the  remains  of  a  colossal  palace  of  the 
Hittitcs,  whose  capital  Hatti  (modern  Boghaz 
Koi)  is  only  a  short  distance  from  Evuk.  Con- 
sult Garstang,  'The  Land  of  the  HithVs'  (New 
York  1910)  ;  Olmstead,  C,  and  Wrench,  'Hittitc 
Inscriptions'  (1911);  Winckler,  'Nach  Boghaz 
K6i»  (1914). 

EYZAGUIRRE,  i'e-thi-ge'ra,  Agustin, 
Chilean  statesman:  b.  1766;  d.  1837.  He  be- 
came a  prominent  figure  in  1810  in  the  move- 
ment for  independence  and  three  years  later 
was  a  member  of  the  first  Junta.  In  October 
1814  he  was  captured  by  the  Spaniards  at  Ran- 
cagua  and  spent  the  three  years  following  in 
captivity  on  the  island  of  Juan  Fernandez.  In 
1823  he  was  chosen  president  of  the  provisional 
Junta  and  soon  after  vice-president  of  the  Re- 
public. In  1826  he  became  acting  President,  on 
the  resignation  of  Freire,  but  was  deposed  in 
January  1827  by  malcontents  in  the  army. 

EZEKIEL,  one  of  the  greater  Hebrew 
prophets.  To  him  is  attributed  one  of  the 
larger  prophetic  hooks  of  the  Old  Testament, 
the  visions  and  utterances  which  it  contains 
beingly  expressly  attributed,  in  the  work  itself, 
to  Ezekiel.  He  was  the  son  of  Buzi,  a  priest, 
and  was  carried  captive,  in  the  time  of 
Jehoiachin,  597  B.C.,  about  11  years  before  the 
destruction  of  Jerusalem  under  Zcdekiah.  His 
prophecies  are  mostly  in  chronological  order, 
those  excepted  which  are  launched  against  for- 
eign nations.  The  central  idea  in  the  book  is 
that  Jerusalem  because  of  its  corruptions  is 
doomed,  and  that  the  future  of  the  chosen 


people  is  with  the  exiles  of  Babylon.  Ezekiel 
marks  the  transition  from  the  prophetic  to  the 
priestly  period.  There  is  no  direct  quotation 
from  Ezekiel  in  the  New  Testament,  but  thert 
are  a  few  allusions  to  his  utterances,  especially 
in  the  Book  of  the  Revelation,  which,  in  the 
concluding  portion,  distinctly  looks  back  to  the 
temple  arrangements  prophesied  in  the  last 
chapter  of  Ezekiel.  The  substantial  genuineness 
and  authenticity  of  the  prophecies  of  Ezekiel 
have  not  been  seriously  impugned  either  in  the 
Jewish  or  Christian  Church,  and  nearly  uni- 
versal suffrage  has  been  given  in  favor  of  their 
eanonicity. 

EZEKIEL,  Book  of.  The  third  of  the 
•major*  or  longer,  prophetical  books  of  the 
Old  Testament,  derives  its  title  from  its  author, 
the  priest-prophet  who  bore  the  name  "God 
strengthened*  The  Hebrew  form  is  repre- 
sented more  closely  in  the  English  of  I  Chroni- 
cles xxiv.  16  by  the  name  Tehezkel.  a  priest 
ascribed  to  David's  time.  No  one  else  in  the 
Old  Testament  bears  this  name,  although  the 
familiar  Hezekiah,  *Yah  strengthened"  or 
"hath  strengthened*  is  of  similar  import.  The 
author,  as  one  of  priestly  rank,  was  among 
the  eight  or  ten  thousand  men  of  standing  who 
with  their  families  were  taken  to  Babylonia  in 
the  first  exile,  597  b.c  The  company  of  which 
he  was  a  member  formed  a  community,  presided 
over  by  its  own  elders,  on  the  banks  of  the 
river  Chebar.  American  excavations  in  central 
Babylonia  have  identified  this  with  the  canal 
Kabaru,  "the  Grand  Canal,*  which  ran  near  the 
ancient,  famous  seat  of  Babylonian  worship, 
the  city  of  Ninpur.  Here  Ezekiel  lived  in  his 
own  house,  where  the  elders  and  people  re- 
sorted to  him  to  inquire  of  Jehovah  (viii,  1; 
xiv  1 ;  xx,  1 ;  xxxiii,  30-32).  Here,  too,  in  the 
ninth  year  of  the  captivity,  his  wire  died,  and 
he  restrained  himself  from  the  usual  signs  of 
mourning  that  he  might  impress  upon  the  peo- 
ple a  sense  of  the  stupefying  gnef  that  was 
soon  to  fall  upon  them  through  the  destruction 
of  Jerusalem.  Ezekiel's  familiarity  with  the 
worship  of  the  temple  leads  to  the  inference 
that  he  was  already  an  active  priest  before  the 
captivity.  It  was  not  until  the  fifth  year  of 
the  exile  (5°2  b.c  )  that  he  became  conscious 
of  his  prophetic  call  through  an  impressive  and 
repeated  vision  which  assured  him  that  he  had 
the  work  of  a  prophet  to  perform  as  a  spokes- 
man of  God  (i-iii)  For  at  least  22  years,  until 
570  nc.  (xxix,  17),  Ezekiel  continued  to  in- 
terpret the  Divine  will  and  purpose  to  his  fellow 
exiles,  using  every  ingenious  device  of  symbolic 
action  and  figurative  speech  to  arouse  their 
curiosity  and  interest  and  make  his  message 
penetrate  the  •hard  forehead  and  stiff  heart.* 
The  contents  of  the  book  of  Ezekiel  are  ar- 
ranged, for  the  mn*t  part,  in  chronological  or- 
der and  fall  also  into  clearly  marked  topical  divi- 
sions. Chapters  1-24  contain  oracles  from  the 
beginning  of  the  prophetic  ministry  in  592  to 
the  investment  of  Jerusalem  by  the  Babylonian 
armies  in  January  587  n  c. ;  these  deal  with 
the  approaching  fall  of  the  city.  Chapters  25- 
32  pronounce  judgment  upon  Israel's  ancient 
neighbors,  Ammon.  Moan,  Edom.  Philistia, 
Tyre  and  Egypt ;  they  prepare  the  way  for 
Israel's  complete  restoration  to  her  land,  freed 
from   the  old,   troublesome   neighbors.  The 
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oracles  of  this  second  section  of  the  book  are 
dated  within  the  period  of  one  or  two  years 
from  January  586  to  March  585  or  584  a.c, 
except  for  a  slight  addition  made  by  the 
prophet  in  the  year  570.  Chapters  33-48  con- 
tain the  direct  prophecies  of  restoration  with 
which  Ezckiel  sought  to  encourage  and  guide 
his  fellow  exiles  after  the  destruction  of  Jeru- 
salem in  the  summer  of  586  B.C.  The  second 
division  of  these  prophecies  of  restoration  (40- 
48)  is  dated  as  late  as  572;  this  contains 
Ezekiel's  detailed  plans  for  the  restored  tem- 
ple and  worship,  and  the  systematic  redistribu- 
tion of  Palestine  among  the  12  tribes,  the 
Prince,  the  priests  and  the  Levites.  Ezekiel's 
early  ministry  was  contemporary  with  the 
later  years  of  Jeremiah  Though  the  two 
men  were  as  different  as  possible  in  their 
mode  of  thought  and  expression  and  in  some 
of  their  conceptions,  they  were  in  full  agree- 
ment in  their  central  emphasis,  at  this  time, 
upon  the  certainty  of  Jerusalem's  destruction 
and  of  a  restoration  after  long  years.  Ezekicl, 
too,  even  more  clearly  than  Jeremiah,  enunci- 
ated the  doctrine  of  the  individual's  relation 
to  God,  in  contrast  to  the  earlier  prophetic 
message  of  the  nation's  relationship,  and  re- 
iterated Jeremiah's  teaching  of  a  new  spirit 
within  guiding  the  life  in  the  Divinely  ap- 
pointed ways.  Ezekicl  renews  the  charges  of 
bribery,  greed,  oppression  of  the  defenceless, 
social  corruption  and  blood  guiltiness  that  the 
8th  century  prophets  had  made  against  the 
people;  but  he  gives  equal  or  greater  promi- 
nence to  the  corrupt  worship  that  had  come 
flooding  into  Jerusalem  under  Manassch  and 
again  under  Jchoiakim.  His  references  to 
economic  crimes,  which  the  earlier  prophets 
had  painted  so  vividly,  seem  rather  general 
and  perfunctory,  while  his  pictures  of  the 
idolatrous  practices  in  the  temple  arc  most  con- 
crete and  vivid  (viii,  5-8).  To  him  it  is  clear 
that  Jehovah  must  vindicate  upon  his  people 
his  outraged  honor  and  holiness.  As  in  Deu- 
teronomy, the  priestly  demand  for  purity  of 
worship  and  the  prophetic  demand  for  moral 
character  arc  united;  but  in  Ezekicl  the  ritual 
conception  of  holiness  is  much  more  prominent 
than  the  moral.  This  writer  is  in  fact  more 
fully  the  heir  of  priestly  ideals  and  the  pre- 
cursor of  the  age  of  ritual  dominance  than  the 
successor  of  the  great  ethical  and  spiritual 
prophets  of  the  centuries  immediately  preced- 
ing. In  the  development  of  Levitical  organi- 
zation Ezekiel's  ideals  stand  between  the 
simpler  arrangements  of  Josiah's  time  and  the 
completed  hierarchy  of  post-exilic  Judaism. 
His  influence  upon  later  generations  in  further- 
ing the  eclipse  of  the  prophetic  religion  by 
sacerdotalism  was  important.  Attributable  to 
him  is  the  conception  of  a  sacred  nation  isolated 
from  all  others,  which  played  so  large  a  part 
in  rebuilding  and  preserving  the  Jewish  com- 
munity after  the  exile  and  which  led  also  to 
the  exclusive,  ceremonial  ideas  that  culminated 
in  Pharisaic  Judaism.  This  prophet's  influence 
was  equally  determinative  in  shaping  the 
Messianic  hones  of  later  centuries.  In  this 
stream  of  influence  issuing  from  his  teachings 
we  may  distinguish  elements  which  ultimately 
came  to  flow  in  very  different  channels.  On 
the  one  hand,  he  gave  the  beautiful  picture  of 
the  good  shepherd  (34).  In  this  he  described 


the  manner  in  which  the  former  rulers  and 
strong  ones  had  taken  advantage  of  their  posi- 
tion to  secure  the  best  water  and  pasture  and 
wantonly  to  destroy  and  foul  that  which  they 
could  not  themselves  consume.  In  contrast,  he 
promised  the  era  of  justice  and  safety  when  God 
himself  would  defend  the  flock  and  his  servant 
David  should  feed  and  shepherd  them.  Again 
Ezekicl  promised  from  God  a  new  heart  of  flesh 
instead  of  their  old  stony  heart ;  Jehovah's  Spirit 
within  them  causing  them  to  walk  in  all  his 
ways  (xxxvi,  22-27).  On  the  other  hand,  he 
taught  that  God  must  re-establish  and  glorify 
his  people  in  order  to  make  his  own  name 
great  among  the  nations  which  now  despised 
him  as  a  discredited  deity  unable  to  protect  his 
own  people  from  their  enemies.  He  feels  the 
mere  restoration  of  Israel  to  the  land  inade- 
quate in  itself  to  vindicate  the  Divine  power, 
and  foresees  a  time  when  Israel,  gathered  out 
of  all  lands,  shall  dwell  securely;  then  hordes 
from  the  north  shall  sweep  down  over  the  land, 
as  the  Scythians  had  come  a  generation  before. 
Suddenly  God  will  smite  down,  upon  the  moun- 
tains of  Isarel,  this  awe-inspiring  multitude  of 
King  Gog,  there  to  lie  as  prey  of  the  ravenous 
birds  and  beasts.  Then  Jehovah's  holy  name 
will  be  made  known  in  the  midst  of  Israel 
and  the  nations  will  know  that  he  is  the  Holy 
One  in  Israel  (38-39).  Here  holiness  is  evi- 
dently understood  in  its  primary  Hebrew  con- 
ception of  separatcness  or  unapproachableness 
without  the  moral  connotation  that  the  great 
prophets  had  given  it.  This  particular  vision 
of  Ezekicl  seems  to  have  been  the  original  of 
that  picture  of  the  future  which  appeared  in 
varied,  fantastic  forms  in  the  Jewish  apoc- 
alyptic writings  of  the  two  centuries  before 
Christ  and  the  opening  years  of  the  Christian 
era. 

In  this  book  the  descriptions  of  symbolic 
acts  and  visions,  characteristic  of  the  Hebrew 
prophets,  are  carried  to  an  extreme  unknown 
in  the  earlier  documents.  Doubtless  the  elabo- 
rate, composite,  human-animal  figures  conspicu- 
ous in  the  Babylonian  sculptures  influenced  the 
form  of  Ezekiel's  visions.  The  beings  seen  in 
the  opening  vision,  each  with  the  face  of  a 
man,  a  lion,  an  ox  and  an  eagle,  each  with 
four  wings,  with  human  hands  beneath  the 
wings  and  feet  like  those  of  a  calf,  seem 
fairly  to  outdo  the  fantastic  imaginings  of  the 
sculptors  of  Babylonia.  An  Amos  or  an  Hosea 
thought  in  the  pictures  of  the  varied  hills  and 
skies  and  mountain  torrents  of  Palestine; 
Ezekicl,  on  the  endless  plain  by  the  sluggish 
canal,  thought  in  pictures  suggested  by  the 
most  impressive  work  of  the  artists  who  had 
decorated  the  great  temples  for  the  ancient 
worship  of  this  centre  of  mighty  human 
power.  With  the  audacity  of  faith  belonging  to 
the  true  interpreters  of  the  unseen  God,  the 
exile  prophet  appropriated  the  symbols  of  the 
conquerors'  religion  to  enforce  his  own  lessons 
as  to  the  power  and  purposes  oi  the  God  of 
subject  Israel.  At  times,  the  imagery  of  the 
prophet  is  more  simple  and  becomes  effective 
or  even  beautiful.  An  example  in  point  is  the 
picture  of  the  Divine  shepherd  and  the  sheep, 
but  generally  the  figures,  even  at  their  best, 
seem  labored.  A  few  poems  are  introduced 
here  and  there  among  the  prose  oracles.  In 
the  dirge  sung  over  Tyre  (xxvii,  3b-9a.  25b-36) 
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we  have  one  of  the  most  elaborate  and  appro- 
priate of  the  many  poetic  descriptions  of  the 
ship  of  state.  In  the  lament  for  Egypt  (xxxii, 
19-32),  both  the  conception  and  the  form  of 
the  poem,  with  its  varied  haunting,  baffling 
refrain  are  notable.  In  general,  however, 
Ezckiel  lacks  the  poetic  power  and  the  rhetori- 
cal passion  of  the  greatest  of  Israel's  prophets. 
The  book  shows  the  marks  of  deliberate  literary 
composition  far  more  even  than  that  of  Jere- 
miah, of  whose  repeated  dictation  to  Baruch  of 
sermons  long  before  delivered,  we  are  told. 
The  books  of  Ilosca  and  Isaiah  suggest  in  their 
arrangement  scattered  memorials  gathered  by 
loyal  followers.  In  the  case  of  Ezekiel  it  seems 
evident  that  he  committed  his  own  teachings  to 
writing  with  deliberation  and  that  he  finally 
composed  the  entire  book  in  essentially  its 
present  form.  The  internal  evidence  of  the 
book  speaks  of  unity  of  plan  and  purpose  and 
of  date  of  composition.  Although  the  text  has 
suffered  more  than  usual  corruption  through 
copyists'  errors,  the  book  as  a  whole  is  singu- 
larly free  from  later  additions  or  expansions. 
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EZEKIEL,  Moses  Jacob,  American  sculp- 
tor: b.  Richmond,  Va.,  28  Oct.  1844.  He  was 
graduated  at  the  Virginia  Military  Institute 
1866.  having  served  in  the  Confederate  army 
during  the  last  year  of  his  course.  He  studied 
art  in  Richmond  and  Cincinnati  1866-70,  and 
Berlin,  Germany,  1870-74,  where  he  was  the 
first  foreigner  to  win  the  Michael  Beer  prize 
(1873).  While  there  he  studied  under  Prof. 
Albert  Wolf,  and  was  admitted  to  the  Berlin 
Society  of  Artists  on  the  merits  of  his  colossal 
bust  of  Washington,  now  in  Cincinnati.  Later 
he  went  to  Rome,  Italy,  where  he  has  chiefly 
resided  save  for  frequent  visits  to  America  He 
has  exhibited  in  the  chief  American  and 
European  expositions.  Large  and  small,  in- 
cluding statues,  portrait-busts,  ideal  groups, 
and  relievos.  His  works  number  several  hun- 
dred of  which  the  best  known  are  'Cain,  or  the 
Offering  Rejected,'  an  early  ideal  bust  that 
showed  considerable  dramatic  talent ;  'Apollo  and 
Mercury,'  Berlin  (1870)  ;  'Religious  Libertv,' 
Fairmoiint  Park,  Philadelphia  (1874-76,i  :  bas- 
relief  portraits  of  Farraimt  (1872),  and  Robert 
F.  Lee  (1873);  12  marble  statues  of  artists  for 
the  Corcoran  Art  Mti^nim.  Washington  MSS0- 
82)  ;  marble  busts  of  Beethoven  (1884),  Long- 
fellow, and  of  Cardinal  Hohenlohc  (1888); 
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bronze  statue  of  Columbus  in  the  Columbian 
Memorial  building,  Chicago,  111. ;  statue  of  Mrs. 
Andrew  D.  White  for  Cornell  University;  bust 
of  Lord  Sherbrooke  for  Westminster  Abbey; 
the  fountain  of  Neptune  for  the  town  of 
Neptune,  Italy;  Confederate  Soldiers*  Monu- 
ment in  the  National  Cemetery,  Arlington,  Va„ 
eta  In  June  1903  the  sculptor  presented  a 
bronze  monument,  'Virginia  Mourning  Her 
Dead,'  to  the  Virginia  Military  Institute. 

EZION-GEBER,  e'zi-6n  ge'ber,  a  stopping- 
point  of  the  Israelites  on  their  journev  from 
Egypt  (Dcut  ii,  8).  It  is  probably  indentical 
with  the  modern  Ain-el-Ghudyan.  It  is  men- 
tioned also  as  the  station  of  Solomon's  fleet 
(I  Kings,  ix,  26;  II  Chron.  viii,  17).  Accord- 
ing to  Josephus  it  was  known  as  Berenice  in 
his  day.  Consult  Musil,  'Arabia  Petraa : 
Edorn'  (Vienna  1908). 

EZRA,  the  Babylonian  Hebrew  priest  sur- 
named  "The  Scribe,"  after  whom,  with  his 
contemporary  Nehemiah,  the  'Books  of  Ezra 
and  Nehemiah'  of  the  Hebrew  canon  are 
named.  By  permission  of  King  Artaxerxcs  I 
of  Babylon,  as  leader  of  1,754  of  his  country- 
men he  returned  to  Jerusalem  458  B.C.  On  the 
basis  of  a  firman  granted  by  the  King,  and  by 
the  appointment  of  the  King's  cup-bearer 
Nehemiah  as  governor  of  Judea  445  B.C.,  he  was 
instrumental  in  purifying  and  re-establishing, 
under  sanction  of  the  law,  the  Jewish  religion 
in  Jerusalem,  where  it  had  become  deeply  cor- 
rupted. The  drastic  steps  associated  with  the 
reforms  of  Ezra  and  Nehemiah  were  not  ac- 
ceptable everywhere  and  led  to  endless  discus- 
sion, especially  was  this  the  case  when  a  great 
number  of  the  Jews  were  compelled  to  divorce 
the  foreign  wives  they  had  married.  The  most 
famous  of  the  early  scribes,  Ezra  is  referred  to 
as  "the  scribe  of  the  commandments  of  the  Lord 
and  of  his  statutes  to  Israel"  (Ezra  vii,  2)  and 
as  "a  ready  scribe  in  the  law  of  Moses  which 
the  Lord,  the  God  of  Israel  had  given."  He 
was  the  first  of  the  Sopherim  or  scribes  who 
handed  on  the  charge  to  the  "Men  of  the  Great 
Synagogue,"  a  body  or  succession  of  teachers 
which  he  founded  and  now  represented  by  the 
rabbis.  To  Ezra  is  credited  the  introduction 
of  Assyrian  script,  or  the  adoption  of  Aramaic 
handwriting  in  Judea  in  the  5th  century  B.C. 
In  444  B.C.  Nehemiah  describes  Ezra  as  a  scribe 
reading  the  'Book  of  the  Law'  to  the  congre- 
gation of  the  children  of  Israel  gathered  on  the 
plateau  near  the  Water  Gate,  and  the  Lcvite 
priests  reciting  the  'Targums'  or  Aramaic  para- 
phrases to  enable  the  people  to  understand  the 
laws.  The  reading  occupied  two  days  and  was 
productive  of  impressive  results.  The  important 
services  rendered  by  Ezra  to  his  countrymen  on 
that  occasion,  and  also  in  arranging  and  practi- 
cally settling  the  canon  of  Scripture  are  espe- 
cially acknowledged  by  the  Hebrews,  and  he  is 
even  regarded  by  many  as  the  second  founder  of 
the  nation.  Malachi,  .signifying  *My  Messen- 
ger,* the  name  assigned  to  the  last  book  of  the 
Old  Testament,  is  identified  by  some  authorities 
with  Ezra,  Some  writers  assert  that  Ezra  re- 
turned to  Babylon  and  died  there  at  the  age  of 
120  years.  Josephus  states  that  he  died  in 
Jerusalem  and  was  buried  there  with  great 
pomp.  On  the  Shatt  el-Arab  near  Korna  the 
tomb  of  Ezra  is  venerated  as  a  shrine.  Consult 
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Herford,  « Pharisaism >  (New  York  1912)  ;  Tor- 
rey,  'Ezra  Studies*  (Chicago  1910). 

EZRA,  Book  of.  For  the  discussion  of  the 
original  union  of  Ezra  with  Nchemiah  and 
Chronicles  and  for  the  date  of  the  complete 
work,  see  Chronicles. 

The  book  of  Ezra  covers  the  history  from 
537  B.C.  to  458,  although  some  would  substitute 
another  date  for  the  latter  one.  Most  of  this 
period  is  described  very,  briefly,  with  extended 
sections  of  which  nothing  is  said ;  it  is  the 
narrative  of  the  events  of  the  year  458  that  is 
most  extended,  chapters  vii-x. 

Chapters  i-vi  are  claimed  to  rest  upon  cer- 
tain official  documents  which  were  partly  in 
Hebrew  and  much  more  largely  in  Aramaic 
Whether  this  claim  is  true  is  a  matter  on  which 
there  is  difference  of  opinion;  it  is  probable 
that  it  is  in  large  measure  true,  but  perhaps 
not  altogether.  The  remainder  of  the  book, 
chapters  vii-x,  is  evidently  based  upon  memoirs 
of  Ezra.  These  mcm«irs  as  they  now  appear 
are  partly  in  the  first  person,  having  been 
quoted  by  the  writer  verbatim  or  with  slight 
changes,  and  partly  in  the  third  person,  hav- 
ing been  considerably  rewritten.  Ezra  vii,  27- 
ix,  15  are  of  the  former  kind;  Ezra  vii,  1-26; 
10,  of  the  latter  land. 

The  question  of  the  historic  city  of  Ezra  and 
Nchemiah  is  one  of  much  difficulty.  The  com- 
piler seems  to  have  had  access  to  more  ac- 
curate records  for  this  period  than  for  the 
earlier  time  covered  in  the  books  of  Chronicles. 
Nevertheless,  there  arc  many  unhistorical  de- 
tails in  these  books,  and  many  that  are  doubt- 
ful. Ezra  iv,  7-24a  is  out  of  its  chronological 
order.  The  question  of  the  proper  order  is 
one  on  which  there  is  much  difference  of 
opinion. 

The  register  of  returning  exiles  in  Ezra  ii  is 
substantially  identical  with  that  in  Nchemiah  vii, 
6-73a,  where  it  is  put  chronologically  at  a 
later  point.  The  connection  in  Nehemiah  is 
probably  more  nearly  the  original  one,  and  the 
connection  in  Ezra  ts  unhistorical. 

The  so-called  Septuagint  translation  of  Ezra 
and  Nchemiah,  which  some  have  considered  to 
be  actually  the  version  of  Theodotion,  is  called 
2  Esdras,  Esdras  being  the  equivalent  of  Ezra. 

1  Esdras  is  a  so-called  apocryphal  book,  now 
known  only  in  Greek.  It  contains  the  book  of 
Ezra,  practically  entire,  with  small  portions  of 

2  Chronicles  and  of  Nchemiah.  It  is  now 
generally  accepted  that  the  book  of  1  Esdras 
is  a  variant  recension  of  these  portions,  trans- 
lated from  a  Hebrew  and  Aramaic  original. 
Th  ere  is  considerable  chronological  rearrange- 
ment of  the  material,  and  the  order  of  1  Esdras 
is  now  considered  to  be  on  the  whole  superior. 
1  Esdras  iii,  1-v,  6  is  the  only  portion  which 
has  no  parallel  in  these  other  books. 

Bibliography. —  Adcney.  VV.  E.,  'Ezra, 
Nehemiah  and  Esther'  ('•Expositor's  Bible,' 
New  York  1893)  ;  Batten,  L.  VV..  'The  Books 
of  Ezra  and  Nehemiah*  ('International  Criti- 
cal Commentary, »  New  York  1913)  ;  Da  vies, 


T.  W.,  'Ezra  Nchemiah,  and  Esther'  ('Century 
Bible, >  Edinburgh  no  date)  ;  Rvle,  H.  E.,  'Ezra 
and  Nehemiah'  (Cambridge  Bible,  Cambridge 
1897).   See  also  the  list  under  Chronicles. 

George  R.  Berry, 
Professor  of  Old  Testament  Interpretation  and 
Semitic  Languages,  Colgate  University. 

EZRA  CHURCH  (Atlanta).  Battle  of. 
On  20  July  1864  the  Confederate  army  under 
General  Hood  was  defeated  at  Peach  Tree 
Creek,  and  driven  into  the  inner  defenses  of 
Atlanta.  On  the  22d  Hood  attacked  the  Army 
of  the  Tennessee,  and  was  again  defeated,  and 
General  Sherman  began  the  investment  of 
Atlanta.  He  began  to  force  Hood  from 
Atlanta  by  moving  upon  his  commun. cations 
leading  south  from  the  city.  The  Army  of  the 
Tennessee  was  transferred  from  the  extreme 
left  of  the  investing  line  to  the  right,  near  Ezra 
Church,  and  Hood  took  measures  to  check  its 
further  extension  and  drive  it  back.  On  the 
night  of  the  27th  he  marched  out  of  Atlanta 
with  the  greater  part  of  his  force,  and  on  the 
28th  Gen.  J.  C.  Brown's  division  was  ordered 
to  attack  Logan's  corps,  then  advancing  on  the 
right,  and  drive  it  back  to  and  beyond  Ezra 
Church.  Brown  drove  in  Logan's  skirmishers, 
followed  them  500  to  600  yards,  and  struck 
Logan's  right,  carried  it  at  some  points,  but 
was  quickly  repulsed  with  great  slaughter.  He 
made  a  second  attempt  with  no  success  and  fell 
back.  He  had  lost  694  killed  and  wounded  and 
113  missing.  During  Brown's  attack  four  regi- 
ments from  Dodge's  and  Blair's  corps  extended 
Logan's  right,  and  took  part  in  the  action. 
Clayton's  division  attacked  on  Brown's  right, 
but  not  until  after  Brown's  first  repulse,  and 
by  a  misunderstanding  his  three  brigades  made 
isolated  attacks  upon  Harrow's  division,  all  of 
which  were  repulsed  with  great  loss,  some  of 
the  regiments  losing  50  per  cent.  Walthall  had 
led  out  his  division  while  Brown  and  Clayton 
were  engaged,  and  at  2  P.M.,  after  they  had 
been  withdrawn,  he  was  ordered  to  attack  over 
the  ground  of  Brown's  fight.  Walthall  made 
several  persistent  efforts,  but  failed,  although 
some  parts  of  his  force  got  within  50  yards  of 
Logan's  line.  After  more  than  an  hour's  severe 
fighting,  in  which  he  reports  the  loss  of  152 
officers  and  nearly  1,000  men,  he  fell  back.  At 
night  Hood  withdrew  his  troops  to  the  works 
around  Atlanta.  The  Federals  in  this  battle 
numbered  about  13,000  men;  the  Confederates 
about  18,000.  The  Union  loss  was  559  killed 
and  wounded.  73  missing.  The  aggregate  Con- 
federate losses  were  apparently  about  2,636 
killed  and  wounded,  and  200  missing.  The  esti- 
mates of  Generals  Sherman,  Howard  and 
Logan  that  the  Confederate  loss  was  from 
5,000  to  7,000  are  excessive.  Consult  'Official 
Records.*  (Vol.  XXXVIII);  Cox,  'Atlanta'; 
Sherman,  'Personal  Memoirs'  (Vol.  II) ;  The 
Century  Company's  'Battles  of  the  Civil  War,' 
(Vol.  IV). 

E.  A.  Carman 
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Fthe  sixth  letter  of  the  English  and 
Latin  alphabets  and  all  alphabets 
derived  from  the  Latin.  Its  sound, 
technically  called  a  "labiodental 
voiceless  spirant,"  is  produced  by  bring- 
ing the  lower  lip  into  loose  contact  with 
the  upper  teeth,  the  vocal  cords  being  in- 
active. The  character  F,  though  it  docs  not 
appear  in  the  Greek  alphabet  of  the  classic 
period,  had  a  place  in  the  earlier  Greek  alpha- 
bet, and  is  believed  to  have  there  represented 
the  sound  of  v  or  of  w.  It  is  called  by  Greek 
grammarians,  digamma  or  double-gamma,  being 
tormed  of  two  gammas  (g  hard,  T)  written 
one  above  the  other  (F).  From  the  Greek  it 
came  into  Latin  and.  finally,  was  used  to  ex- 
press the  sound  which  it  has  for  us.  That  the 
sound  of  F  in  Latin  was  the  same  as  in  Eng- 
lish, we  know  from  what  Quintilian  says  of 
the  mode  of  uttering  it.  The  Greek  letter  ♦ 
(phi)  represented  in  Latin  and  English  by  ph, 
appears  to  have  been  very  different  in  sound 
from  the  F  of  the  Latins;  and  that  in  the  pro- 
nunciation of  F  Greeks  found  great  difficulty  is 
known  on  the  authority  of  Cicero;  their  diffi- 
culty was  like  that  which  people  of  other  speech 
than  ours  find  in  pronouncing  th  in  then,  this, 
and  in  thin,  think.  A  like  difficulty  in  pronun- 
ciation of  the  F  of  Latin  must  have  presented 
itself  to  the  inhabitants  of  the  Spanish  Penin- 
sula, if  not  in  the  time  of  the  Roman  domi- 
nation, then  after;  else  the  initial  F  of  words 
from  the  Latin  would  not  have  been  so  gener- 
ally changed  by  them  into  a  mere  breathing, 
represented  by  the  letter  h.  Examples  Lat.  faba 
(bean),  Span,  habo;  fabulari  (to  talk),  hablar; 
faccre  (to  make),  haccr.  In  other  languages, 
whether  derived  from  one  another  or  springing 
independently  from  a  common  original  stem,  as 
German,  Anglo-Saxon,  Greek,  Latin,  Celtic,  etc., 
we  see  a  different  interchange  as  lietwcen  F 
and  P;  thus  to  the  English  word  fish  answers 
the  Latin  pise  (piseis)  ;  to  Eng.  fire  the  Gr. 
fyr;  to  F.ng.  plow  the  Gcr.  pftug.  In  the  local 
dialect  of  the  English  county  of  Somerset,  F 
usually  becomes  V:  fair  becomes  vair,  friar 
vrier.  five  vivc.  As  the  Latin  alphabet  had  but 
one  character,  V,  to  represent  both  the  vowel 
U  and  the  consonant  V  (or  \V)  the  Emperor 
Claudius  ordered  that  in  public  inscriptions  and 
state  documents  this  consonant  V  should  be 
represented  by  the  F  inverted,  J,  and  hence  in 
monuments  of  that  reign  we  find  AMPLIA^IT, 
TERMINAL  IT,  OCTAjIA,  etc.  for  Amplia- 
vit,  Terminavit,  Octavia,  etc  The  letter  F  in 
physics  is  a  contraction  for  Fahrenheit. 

F.  F.  V's  <  First  Families  of  Virginia),  a 
jocular  term  applied  in  the  North,  before  and 
during  the  war,  to  the  Southern  aristocracy  in 
general. 


FA,  fa,  the  name  given  by  Guido  to  the 
fourth  note  of  the  natural  diatonic  scale  of  C, 
that  is,  the  subdominant.  In  the  major  scale  of 
C  this  tone  is  F. 

FABELL.  Peter,  the  chief  character  in 
'The  Merry  Devil  of  Edmonton,'  who  sold  his 
soul  to  Satan,  and  is  said  to  have  been  derived 
from  a  real  personage  who  died  and  was  buried 
at  Edmonton.  Middlesex,  in  the  reign  of  Henry 
VII  (1485-1509). 

FABENS,  Joseph  Warren,  American  mis- 
cellaneous writer :  b.  Salem,  Mass.,  23  July 
1821 ;  d.  New  York,  13  March  1875.  Among 
his  works  are  'The  Camel  Hunt,'  a  narrative 
of  personal  adventure;  'Facts  about  Santo 
Domingo';  and  'The  Last  Cigar,'  a  book  of 
poems. 

FABER,  faTxT,  Frederick  William,  Eng- 
lish theologian  and  hymn  writer:  b.  Calvcrley, 
Yorkshire,  28  June  1814;  d.  Brompton.  London, 
26  Sept.  1863.  He  was  a  nephew  of  G.  S.  Fabcr 
(q.v.).  He  was  educated  at  Balliol  College, 
Oxford,  where  he  came  under  the  influence  of 
John  Henry  Newman  (q.v.),  whom  in  1845  he 
followed  into  the  Roman  Catholic  Church.  On 
becoming  a  Roman  Catholic  he  founded  a  small 
community  called  Brothers  of  the  Will  of  God, 
who  three  years  later  joined  the  oratory  of 
Saint  Philip  Ncri.  He  afterward  established  a 
branch  of  this  oratory  at  Brompton,  with  which 
he  was  connected  till  his  death.  His  prose 
writings  are  numerous,  but  it  is  by  his  beaut' ful 
hymns  that  he  is  best  known.  Of  these  'Pil- 
grims of  the  Night'  and  'The  Land  Beyond  the 
Sea'  are  the  most  noted.  See  'Life  and  Let- 
ters,' edited  by  Bowden  (1869). 

FABER.  fa'ber.  Frederik,  Danish  zoologist : 
b.  Odcnse,  Fiincn,  1795  ;  d.  1828.  He  was  gradu- 
ated in  law  in  1818,  but  had  also  given  great 
attention  to  zoology  and  at  20  published  'Ind- 
Icdning  til  Dyrclxren  til  Brug  ved  den  Natur- 
historiskc  Undervisning.'  He  traveled  in  Ice- 
land in  1819-21,  and  published  the  results  of 
his  investigations  in  'Ucbcr  das  Lcben  der 
hochnordischen  Vogcl  Islands'  (1826),  a  work 
still  of  value:  'Prodromus  islandischcr  Orni- 
thologic'  (1822)  ;  'Naturgeschichtc  der  Fische 
Islands'  (1829),  and  articles  in  Isis  and  in  Tids- 
skrif  for  Katurvidcnskaberne.  Several  zoo- 
logical species  arc  named  from  Fabcr. 

FABER,  George  Stanley,  English  theolo- 
gian: b.  Calvcrley,  near  Bradford,  Yorkshire. 
25  Oct.  1773;  d.  near  Durham,  27  Jan.  1854 
Having  been  Bampton  lecturer  in  1801,  he 
shortly  after  published  his  lectures  under  the 
title  of  'Hone  Mosaics?. '  From  the  first  be 
adopted  evangelical  views,  and  soon  began  to 
aid  them  by  his  pen,  particularly  by  'The  Doc- 
trine of  Regeneration  in  the  Case  of  Infant 
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Baptism.*  He  was  vicar  successively  of  Stock- 
ton-upon -Tees,  Redmarshall  and  Longnewton, 
holding  the  last  appointment  21  years,  when  he 
resigned  it  to  become  master  of  Sherburn  Hos- 
pital. His  principal  writings,  in  addition  to 
those  already  mentioned,  are  'A  Dissertation  on 
the  Prophecies,*  the  most  popular  of  all  his 
works,  and  the  'Difficulties  of  Romanism,*  of 
which  a  third  edition  appeared  in  1853. 

FABER,  or  FABRI,  Jacques  Lefevre 
d'Estaples,  French  scholar:  b.  Estaplcs 
(Etaplcs),  near  Boulogne,  about  1450;  d.  1536. 
He  was  educated  at  the  University  of  Paris 
and  for  a  time  taught  in  the  College  of  Cardinal 
Lemoine.  He  visited  Italy  and  in  1507  was 
given  a  home  in  the  Benedictine  Abbey  of 
Saint-Germain-des-Pres  by  his  friend  Abbot 
William  Bric,onnet.  Faber  remained  there  for 
13  years,  becoming  in  1520  director  of  the  leper 
hospital  of  Mcaux.  Fabcr's  writings  displeased 
several  high  church  officials  but  he  was  safe 
from  persecution  through  the  protection  of 
Francis  I.  When  the  latter  was  taken  prisoner 
in  1525  Faber  was  formally  condemned.  On 
Francis'  return  he  was  made  royal  librarian  at 
Blois  and  tutor  to  the  king's  children.  Prin- 
cess Margaret,  on  becoming  Queen  of  Navarre, 
took  Faber  to  NeVac,  where  he  spent  his  last 
days  in  peace.  His  works  were  numerous  and 
included  a  French  translation  of  Saint  Paul's 
Epistles  (1512),  of  the  New  Testament  (1523), 
of  the  Pentateuch  (1528)  and  the  whole  Bible 
in  1530.  Consult  the  life  by  De  Labaticr  Plan- 
tin  (Montauban  1870)  and  that  by  Prossdij 
(Leyden  1900). 

FABER,  Johann  Lothar  von,  German 
manufacturer:  b.  Stein,  near  Nuremberg,  12 
June  1817;  d.  1896.  In  1860  he  founded  in 
his  native  town  a  manufactory  of  lead  pencils, 
with  only  20  hands  employed.  He  made  so 
many  improvements  in  the  manufacture  that 
his  factory  gradually  became  the  centre  of  that 
particular  industry,  and  absorbed  the  trade  of 
Germany  and  Austria.  Particularly  successful 
and  profitable  was  the  making  of  pencils  of 
different  grades,  while  his  business  capacity  in 
distributing  his  goods  did  much  to  promote  their 
popularity.  He  opened  branches  in  the  great 
cities  of  Europe  and  the  United  States.  He  was 
ennobled  for  his  services  to  German  industry. 
He  established  a  plant  in  New  York  with  a 
cedar  yard  and  mills  at  Cedar  Keys,  Fla.;  and 
in  his  factory  at  Noisy-le-sec,  near  Paris,  over 
a  thousand  operatives  .were  employed. 

FABER,  Johannes.  See  Fabri,  Johannes. 

FABIAN,  fa'bi-an,  belonging  or  relating  to 
the  famous  Roman  family,  or  clan,  the  Fabian 
used  especially  in  the  military  phrase  Fabian 
tactics,  to  denote  tactics  the  chief  point  of  which 
is  to  weary  and  exhaust  the  enemy.  By  such 
measures  Quintus  Fabius  Maximus,  surnamed 
Cunctatus  ("the  delayer")  greatly  harassed 
Hannibal  in  the  Second  Punic  War. 

FABIAN  SOCIETY,  an  English  socialis- 
tic organization,  founded  in  January  1884,  hav- 
ing its  headquarters  in  London,  and  with  affil- 
iated branches  in  most  of  the  principal  cities 
and  towns  of  Great  Britain  and  Ireland.  The 
society  includes  in  its  ranks  some  very  promi- 
nent writers  on  social  economy,  including 
George  Bernard' Shaw  and  Sidney  Webb,  and 
publishes  'Fabian  Essays*  and  'Fabian  Tracts.* 


In  1888  they  began  to  hold  public  meetings. 
Above  700  lectures  have  been  given  in  one  year 
by  members  of  the  society.  The  Fabians  aim 
to  bring  about  the  "emancipation  of  land  and 
industrial  capital  from  individual  and  class 
ownership  and  the  vesting  of  them  in  the  com- 
munity tor  the  general  benefit* ;  "the  extinc- 
tion of  rent* ;  and  "the  transfer  to  the  com- 
munity of  the  administration  of  such  industrial 
capital  as  can  be  conveniently  managed  social- 
ly." They  also  advocate  female  suffrage.  The 
recently  formed  research  department  has  added 
to  the  society's  activities.  There  is  a  society 
of  the  same  name  in  the  United  States,  which 
issues  a  periodical  called  the  'American  Fabian.* 
Consult  Shaw,  G.  B.,  'The  Fabian  Society* 
(1892). 

FABII,  fa'bi-I,  Arch  of  the,  a  commemora- 
tive arch  in  ancient  Rome  at  the  entrance  of 
the  Sacred  Way  (Via  Sacra)  to  the  Forum 
Romanum.    It  was  constructed  about  120  B.C.  by 

Sluintus  Fabius  Maximus  Allobrogicus  in  ccle- 
ration  of  his  victories  over  the  Allobroges  and 
Arvcrni.  Its  material  was  the  calcareous  Ital- 
ian rock  called  travertin,  and  its  design 
simple.  Some  few  of  the  travertin  blocks  were 
excavated  in  1882  not  far  from  the  site  of  the 
arch.  Consult  Platner,  'The  Topography  and 
Monuments  of  Ancient  Rome*  (1911). 

FABIUS,  faln-us,  the  name  of  one  of  the 
oldest  and  most  famous  families  of  Rome,  every 
member  of  which  was  massacred  at  Cremera  478 
b.c,  except  Quintus  Fabius  Vibulanus.  who 
became  one  of  the  decemvirate.  Among  the 
most  noted  of  the  family  in  later  times  are: 
Fabius  Ambustus,  dictator,  350  b.c  ;  Fabius 
Rullianus,  to  whose  name  Maximus  was 
added,  twice  dictator,  conqueror  of  the  Samnites 
and  Etruscans,  323-280  b.c  ;  Fabius  Gurges, 
son  of  the  preceding,  consul  of  Rome;  Fabius 
Pictor,  the  first  writer  of  Roman  history,  3d 
century  b.c;  Fabius  Maximus  Verrucosus. 
considered  the  greatest  of  his  family,  surnamed 
"Cunctator,"  "the  Delayer9  (see  Fabian),  from 
his  system  of  warfare,  died  203  b.c;  Fabius 
Maximus  Quintus,  son  and  next  in  office  to 
the  preceding,  afterward  consul ;  Fabius  Maxi- 
mus jEmiuanus,  distinguished  in  the  war  of 
Persia  and  in  Spain,  consul  147  b.c  ;  Fabius 
Maximus  Servilianus,  pro-consul  for  Spain, 
censor  126  b.c;  Fabius  Maximus  Allobrogicus, 
consul  122  b.c. 

FABIUS,  The  American.  Name  often 
given  in  the  last  century  to  George  Washington, 
because  of  his  habit  of  avoiding  pitched  battles 
after  the  manner  of  Fabius  Cunctator. 

FABLE  (Lat.  fabula,  a  narrative,  especially 
a  fictitious  one),  in  literature,  a  term  applied 
originally  to  every  imaginative  tale,  but  confined 
in  modern  use  to  short  stories,  either  in  prose 
or  verse,  which  are  meant  to  inculcate  a  moral 
lesson  in  a  pleasant  garb.  Imaginary  persons, 
animals  and  inanimate  objects  are  introduced 
as  the  actors  and  speakers.  The  fables  consist 
properly  of  two  parts  —  the  symbolical  repre- 
sentation and  the  application  or  the  instruction 
intended  to  be  deduced  from  it,  which  latter  is 
called  the  moral  of  the  talc,  and  is  indispen- 
sable to  it. 

Herder  divides  fables  into  (1)  Theoretic, 
intended  to  form  the  understanding;  thus  a 
phenomenon  of  nature,  as  illustrative  of  the 
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laws  of  the  universe,  is  used  to  exercise  the 
understanding.  (2)  Moral,  which  contain  rules 
for  the  regulation  of  the  will.  We  do  not  learn 
morality  from  the  brutes,  but  view  the  great 
family  of  nature,  and  observe  that  she  has 
connected  the  happiness  of  all  living  creatures 
with  the  unchangeable,  eternal  law  of  effort,  and 
take  example  from  the  observance  of  this  law 
by  the  lower  orders  of  creation.  (3)  Fables 
of  fate  or  destiny.  It  cannot  always  be  made 
evident  how  one  thing  follows  as  a  necessary 
consequence  from  another;  here  then  comes  in 
play  that  connection  of  events  which  we  call 
fate,  or  chance,  and  which  shows  that  things 
follow,  at  least  after,  if  not  from  one  another, 
by  an  order  from  above.  Thus  the  eagle  carries 
with  her  plunder  a  coal  from  the  altar,  which 
sets  fire  to  her  nest,  and  thus  her  unfledged 
brood  becomes  the  prey  of  animals  which  she 
has  already  robbed  of  their  young. 

The  oldest  fables  arc  supposed  to  be  the 
Oriental;  among  these  the  Indian  fables  of 
Pilpay  or  Bidpai,  and  the  fables  of  the  Arabian 
Lokman,  are  celebrated,  ^sop  is  well  known 
among  the  Greeks,  and  was  imitated  by  Phxdrus 
among  the  Latin  writers.  Bodmcr  has  pub- 
lished German  fables  of  the  time  of  the  Minne- 
singers. The  first  known  German  fabulist  is 
Strieker,  who  belongs  to  the  first  half  of  the 
13th  century,  but  the  famous  mediaeval  beast- 
epic  of  'Retnccke  Fuchs'  (see  Reynard  the 
Fox)  has  a  much  more  remote  origin.  Boner, 
who  lived  at  the  close  of  the  14th  century, 
shows  in  his  <Edelstein>  the  true  spirit  of  fable. 
Burkard  Waldis  may  be  mentioned  in  the  16th 
century.  The  most  successful  of  German  fable 
writers  is  undoubtedly  Lessing.  In  the  17th 
century  Gay  among  the  English,  and  La  Fon- 
taine among  the  French,  were  distinguished. 
The  writer  last  named  made  fable  the  vehicle 
of  wit,  and  carried  it  to  its  highest  stage  of 
perfection.  Among  the  most  interesting  modern 
productions  in  this  department  of  literature  the 
fables  of  the  Russian,  Ivan  Kriloff,  deserve 
special  mention.    Sec  Allegory;  Myth. 

FABLE  OF  THE  BEES.  A  satire  on 
the  state  of  F.nglish  society,  first  published  in 
1705  in  200  doggerel  couplets,  under  the  title 
of  'The  Grumbling  Hive  or  Knaves  Turn"d 
Honest.'  It  was  republished  anonymously  in 
1714  with  'Remarks'  and  an  'Enquiry-  into  the 
Origin  of  Moral  Virtue.'  Another  edition  ap- 
peared in  1723  with  the  addition  of  an  'Essay- 
on  Charity  and  Charity  Schools'  and  'A 
Search  into  the  Nature  of  Society.'  This 
edition  gave  great  offense  and  was  indicted  as  a 
"public  nuisance*  by  the  grand  jury  of  Mid- 
dlesex, this  action  by  the  authorities  giving  it 
considerable  notoriety.  Satirizing  the  govern- 
ment and  attacking  the  idealism  of  Shaftesbury, 
its  sarcastic  philosophy  and  pessimistic  counsel 
were  not  improved  by  the  author's  cvnical  as- 
sertion that  be  was  writing  for  "the  entertain- 
ment of  people  of  knowledge  and  education. » 
See  Mankeville,  Bernard  de. 

FABLE  FOR  CRITICS.  A-  Lowell  s 
'Fable  for  Critics,*  though  considered  by  the 
poet  himself  a  mere  jeu  d' esprit,  is  the  best- 
known  and  the  most  successful  literary  satire 
in  verse  bv  an  American.  It  was  written  at 
intervals  between  November  1847  and  July  18-18. 
and  was  published  in  October  1848.  Its  1,700 
lines  of  galloping  anapaestic  tetrameter,  an  ad- 


mirable vehicle  for  its  purpose,  present  a  mix- 
ture of  rollicking  fun,  satire  and  panegyric.  Its 
title  states  its  purpose.  Lowell  saw  American 
literary  criticism  as  often  unfair  and  even  fool- 
ish and  over-dependent  on  British  opinion.  His 
fable  presents  Apollo,  god  of  poets,  delivering 
Olympian  judgment,  supposedly  unbiased  and 
final,  upon  American  writers;  and  this  fable  is 
addressed  to  prejudiced  and  incompetent  crit- 
ics and  to  the  undiscerning  public.  Perhaps  a 
score  of  the  best-known  writers  of  the  day  are 
passed  upon,  with  scarcely  a  verdict  so  severe 
as  not  to  be  tempered  with  commendation,  and 
scarcely  any  praise  that  is  not  edged  with  a 
little  raillery.  Though  written  early  in  Low- 
ell's career,  the  poem  shows  his  characteristic 
independence  in  literary  judgment,  his  fearless- 
ness and  his  common  sense.  His  estimate  of 
the  works  of  Emerson,  Longfellow,  Whittier, 
Holmes,  Irving,  Cooper  and  Poe,  though  antici- 
pating the  later  and,  in  some  cases,  the  better 
work  of  these  writers,  is  remarkably  just  and 
has  in  the  main  been  ratified  by  posterity. 
Many  of  the  terse  lines  stick  in  the  memory: 
Emerson  "a  Greek  head  on  right  Yankee  shoul- 
ders"; Cooper,  "who's  written  six  volumes  to 
show  he's  as  good  as  a  lord";  Poe, 
"  With  his  raven,  like  Bamaby  Rudge. 
Three-fifths  of  him  gcruiu.  but  two-Wthi  iheer  fudge: 

Though  Lowell  is  unfair  to  Margaret  Ful- 
ler and  overvalues  Maria  Child  and  Sylvester 
Judd,  his  perspicacity  and  fairness  are  in  the 
main  as  remarkable  as  his  satire  and  his  fun. 
The  course  of  the  fable  is  constantly  interrupted 
by  digressions;  by  a  fling  at  literary  bores;  by 
satire  on  dependence  upon  Great  Britain;  by 
scathing  but  humorous  denunciation  of  slavery; 
and  by  a  noble  eulogy  of  the  Bay  State. 

In  its  combination  of  supernatural  machin- 
ery, anapaestic  meter  and  puns,  and  its  use  of 
all  these  for  the  purpose  of  literary  satire,  'A 
Fable  for  Critics'  is  not  original.  Its  prede- 
cessors run  back  for  hundreds  of  years ;  per- 
haps its  immediate  ancestor  was  Leigh  Hunt's 
'Feast  of  the  Poets.'  But  its  mixture  of 
humor,  satire  and  panegyric  is  as  original  as 
delightful.  It  is  far  too  long;  its  fun  grows 
wearisome;  much  of  its  flavor  has  of  course 
been  lost  through  time;  but  its  youthful  and 
effervescent  hilarity  carries  it  along  in  spite  of 
its  faults.  It  still  lives  through  a  few  wise 
and  witty  or  noble  and  brilliant  passages.  Poe 
reviewed  the  poem  in  The  Southern  Literary 
Messenger  (February  1849).  For  the  text, 
with  explanatory  notes,  etc.,  consult  Scudder, 
'Complete  Poetical  Works' ;  id.,  'Russell  Low- 
ell, a  Biography'  (pp.  238-253). 

Marion  Tucker. 

FABLES  OF  JESOP,  the  collection  of  old 
folklore  or  moralizing  animal  stories,  attributed 
to  the  Greek  fabulist  /F.sop  (q.v.)  who  is  said 
to  have  lived  in  the  5th  and  6th  centuries  B.C 
His  reputation  is  based  on  these  amusingly 
satirical  "beast  stories*  with  an  apposite  moral, 
adapted  to  contemporary  events  and  incidents, 
which  he  narrated  at  banquets  and  festival 
gatherings,  for  the  entertainment  of  guests  and 
visitors.  Artless,  simple  and  transparent  in  con- 
struction, affecting  no  graces  of  style,  the 
story  is  the  main  thing,  the  moral  being  always 
subordinate  and  never  permitted  to  interfere 
with  the  principal  theme.   Insolent  sarcasm.  how- 
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ever,  introduced  into  a  fable,  is  said  to  have 
been  the  culminating  incident  which  led  to  his 
assassination  at  Delphi.  As  oral  productions, 
he  did  not  commit  his  fables  to  writing  but 
they  were  perpetuated  by  Xenophon,  Aristotle, 
Plutarch,  and  other  Greek  writers.  Aristo- 
phanes alludes  to  them  as  "merry  tales*  and  in 
the  'Wasps'  represents  Philocleon  as  having 
learned  /Esop's  "absurdities"  from  conversa- 
tions at  banquets.  Plato  in  'Phacdo'  repre- 
sents Socrates  as  whiling  away  his  last  days  in 
prison  by  versifying  some  of  ^Esop's  fables 
"which  he  knew,"  and  although  he  excludes 
poets,  Plato  introduces  /F.sop  as  a  moral 
teacher  in  his  model  'Republic.'  A  collection 
of  the  'Fables,'  probably  in  prose,  in  10  books, 
is  recorded  as  made  by  Demetrius  of  Phalerium 
345-283  B.C.,  for  the  use  of  orators;  no  copy  of 
the  collection,  however,  is  known  to  exist.  An 
edition  in  elegiac  verse  is  also  mentioned  by 
Suidas.  The  earliest  known  reliable  version  of 
the  'Fables'  is  that  of  Babrius  or  Babrias, 
who,  as  related  by  Crusius,  was  a  Roman  and 
tutor  to  the  son  of  Alexander  Severus;  he 
rendered  the  fables  into  Greek  chol iambic  verse 
in  the  early  part  of  the  3d  century  a.d.  This 
version  was  long  known  in  fragments  only,  until 
in  1842  a  complete  manuscript,  now  in  the 
British  Museum,  was  discovered  by  Mr.  Minas 
in  a  monastery  on  Mount  Athos.  Phaedrus.  a 
Thracian  frcedman,  who  lived  in  Rome  in  the 
time  of  Augustus,  produced  a  version  of  the 
fables  in  Latin  iambics,  making,  however,  in- 
ferior paraphrases  and  additions,  which  for  a 
long  time  cast  doubt  on  their  authenticity,  until 
dispelled  by  an  epigraphical  discovery  at  Apulum 
in  Dacia,  and  critical  re-examination  of  the 
manuscript.  In  the  9th  century  Ignatius  Dia- 
conus  made  a  version  of  53  of  the  fables  in 
choliambic  tetrameters.  Stories  from  Asiatic 
sources  were  added,  notably  from  the  Buddhist 
Jataka  folklore  of  India,  and  '/Esop's  Fables' 
as  known  to-day  are  derived  from  the  14th  cen- 
tury edition  compiled  by  Maximus  Planudes,  a 
monk  of  Constantinople.  Through  succeeding 
centuries,  translations  were  made  into  almost 
every  known  language.  Among  the  curiosities 
of  literature,  an  early  translation  from  the 
Babrian  edition  into  Syriac  by  Syntipas  100 
B.C.  is  mentioned,  which"  Michael  Andreopulos 
rendered  back  into  Greek.  One  of  the  latest 
translations  is  that  of  Douglas  (1901)  into  the 
Celtic  Manx  dialect.  The  fables  have  also  been 
prolific  sources  of  inspiration  for  artists  which 
may  be  said  to  have  culminated  in  Tcnnicl's 
illustrations  with  their  combination  of  rare 
artistic  power,  humorous  observation  and 
knowledge  of  animal  life  (See  Fabi.es).  Con- 
sult Jacobs,  J.,  'The  Fables  of  ^sop;  i.  The 
history  of  the  /F.sopic  fable;  ii.  The  Fables  of 
/F.sop,  as  first  printed  bv  William  Caxton.  1484, 
from  his  French  translation'  (New  York  1896). 

FABLES  OF  PILPAY.   See  Bidpai. 

FABLIAUX,  fa-bli-o.  (Fr.  from  the  Lat. 
fabula,  a  narrative,  particularly  a  fictitious  nar- 
rative), in  French  literature,  the  short  metrical 
tales  of  the  Trouveres  (q.v.),  belonging  for  the 
most  part  in  the  12th  and  13th  centuries.  These 
productions  were  intended  merely  for  recita- 
tion, not  for  singing,  and  reflected  the  life  of 
the  period.  They  originated  with  the  bour- 
geoise,  made  no  pretensions  to  literary  merit, 
embraced  all  subjects  —  tales  of  devotion,  sat- 


ires on  clerical  weaknesses  and  inconsistencies, 
conjugal  mishaps  and  love  episodes  —  and  were 
generally  conceived  in  a  vein  of  ironical  pleas- 
antry, and  in  which  the  wit  was  coarse  if  pun- 
gent. From  the  fabliaux  the  short  story  form 
is  derived.  Fabliaux  in  fact  were  "merry  re- 
citals* to  excite  laughter,  in  contradistinction  to 
the  songs  of  chivalry,  war  and  love  of  the 
period.  They  were  usually  based  on  a  comic 
incident,  real  or  probable,  occurring  in  every- 
day human  life.  They  were  marked  by  con- 
siderable originality  and  diversity,  and  would 
appear  to  have  been  largely  modelled  on  the 
Asopic  fable  and  its  Asiatic  parallels.  Several 
of  Chaucer's  'Canterbury  Tales'  are  derived 
directly  from  fabliaux;  and  so  are  many  of  the 
stories  of  Boccaccio  and  of  other  Italian  writers. 
Fabliaux  were  the  forerunners  of  the  'Hcp- 
tameron,'  the  'Cent  Nouvelles  Nouvelles,'  of 
Rabelais'  'Pantagruel,'  of  Prior  and  Swift's 
productions,  and  of  Balzac's  'Cent  Comes 
Drolatiques.'  Fabliaux  seldom  ran  to  more 
than  400  lines;  they  related  an  event,  the  story 
being  the  mainspring  of  the  recital,  the  deduc- 
tions, inferences  or  lesson,  to  be  drawn  being 
subordinate  or  left  to  the  imagination.  The 
'Pocnitentiale'  of  Egbert  in  the  8th  century 
condemned  the  "fabulas  inanes*  of  the  period 
showing  that  they  were  in  vogue  at  that  date, 
but  the  earliest  known  is  that  of  'Richeut' 
which  appeared  in  1159,  a  virile  picture  of  the 
coarse  manners  and  customs  of  the  time. 
Among  the  better  known  writers  of  fabliaux 
were  Rutcbcuf,  author  of  'Lc  Sacristan,'  'Frirc 
Denysc'  and  'Dit  d'Aristotc' ;  also  Henri 
d'Andcli,  and  Jean  de  Conde.  While  the  gen- 
eral run  of  fabliaux  are  condemned  for  vulgar- 
ity, coarseness  and  obscenity,  they  afford 
valuable  pictures  of  contemporary  life  and  de- 
velopment, and  arc  rich  in  philological  material. 
The  usual  male  scorn  of  female  "fourbcries" 
or  wiles  is  marked  in  'Chichcface  et  Bigorne,' 
'Le  Valet  aux  deux  femmcs'  and  'Le  Pecheur 
de  Pont-sur-Scine' ;  the  medical  profession  is 
satirized  in  'Le  Vilain  Mire';  the  ecclesiastical, 
in  the  'Pretrc  qui  dit  la  Passion,'  'Lcs  Pcrdrix' 
and  the  'Prctre  aux  Mures'  ;  while  marriage  is 
ridiculed  in  'Court  Mantel'  and  'Le  Dit  de 
Berenger.'  Of  pathetic  interest  is  'Housse 
Partie,'  while  of  idealistic  tendency  is  'Le 
Chevalier  de  Barizel.'  Consult  Montaignon,  A., 
and  Raynaud,  G.,  'Recueil  general  et  com- 
plet  des  fabliaux  des  Xllttmc  et  XlVeme 
siecles'  (6  vols..  Paris  1872-79):  Bedicr,  J., 
'Les  Fabliaux'  (Paris  1893);  Hart,  W.  M., 
'The  Fabliau  and  Popular  Literature'  (Balti- 
more 1908). 

FABRE,  Amant  Joseph,  a-mari  zhcVzcf 
fabr,  French  author :  b.  Rodcz,  France,  10 
Dec.  1842  (or  1843).  A  drama.  'loan  of  Arc' 
(1890),  made  his  name  most  widely  known,  his 
other  works  being  largely  represented  bv  such 
books  as  <A  Course  in  Philosophy'  (1870)  ; 
'Washington,  the  Liberator  of  America'  (1882). 

FABRE,  Ferdinand,  far-de-n.ih,  French 
novelist:  b.  Bedarieux,  France,  1830;  d.  Paris, 
11  Feb.  1898.  He  deals  almost  exclusively  with 
life  in  the  Ccvennes,  his  native  district.  De- 
signed for  the  priesthood,  for  which  he  found 
he  had  no  vocation,  his  gallery  of  portraits  of 
French  priests  was  the  fruit  of  a  large  and 
deep  experience,  and  is  the  most  noteworthy 
that  has  ever  been  drawn.    He  published  'Ivy 
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Leaves,'  poems  (1853)  ;  then  the  novels,  'The 
Courbezons>  (1862);  'Julicn  Savignac'  (1863); 
'My  Uncle  Celestin'  (1881);  'King  Ramiro' 
(1884);  and  (Mr.  John'  (1886).  The  remark- 
able novel,  'Abbe  Tigrane'  (1873).  first  won 
him  great  distinction;  'Lucifer1  (1884),  por- 
traying the  struggle  among  the  clergy  between 
Gallicanism  and  Ultramontanism,  is  doubtless 
his  greatest  work.  Among  his  shorter  stories 
are  'The  Abbe"  Riotelet'  (1891);  'Norinc' 
(1890);  ♦Germany'  (1891),  etc.  'My  Voca- 
tion' (1889)  is  a  volume  of  leaves  from  his 
student  diary.  Consult  Gosse,  'French  Pro- 
files' (1905). 

FABRE,  Francois  Xavier  Pascal,  fran- 
swa  zav-va  pas-cal,  French  painter :  b.  Mont- 
pellier,  l"  April  1766;  d.  there,  16  March  1837. 
He  was  a  pupil  of  David  and  produced  in  1787 
a  painting  representing  the  'Execution  of  the 
Children  of  Zcdckiah  by  order  of  Nebuchad- 
nezzar,' for  which  he  received  the  great  prize 
of  the  Academy  and  was  sent  as  a  pensionary 
to  Rome.  He  was  believed  to  have  been  se- 
cretly married  to  the  Countess  of  Albany, 
widow  of  the  Young  Pretender,  who  on  her 
death  in  1824  made  him  her  sole  heir  and  l>e- 
queathed  to  him  valuable  MSS.  which  had  been 
left  to  her  by  Alfieri.  Fabre  gave  them  to  the 
city  of  Florence.  He  was  created  a  baron  in 
1830. 

FABRE,  Hector,  Canadian  journalist :  b. 
Montreal,  1834-  d.  1910.  He  was  educated  at 
L'Assomption,  Saint  Hyacinthe  and  the  College 
de  Montreal,  studied  law  and  in  1856  was  ad- 
mitted to  practice.  He  soon  abandoned  this 
profession  to  enter  journalism,  becoming  editor 
of  L'Ordre  of  Montreal.  From  1863  to  1866  he 
edited  Le  Canadian  of  Quebec  and  founded 
L'Evinement  there  in  1869.  In  1875  he  became 
a  member  of  the  Dominion  Senate  and  seven 
years  later  was  appointed  Paris  agent  of  the 
Quebec  and  Dominion  governments.  In  Paris 
he  founded  a  French-Canadian  journal,  Le 
Paris-Canada.  He  was  Fellow  of  the  Royal 
Society  of  Canada  and  published  'Esquisse  bi- 
ographic sur  Chevalier  de  Lorimicr'  (1856); 
'Ecnvains  Canadiens'  (1865);  'Confederation, 
Independence,  Annexation'  (1871);  'Chroni- 
ques>  (1877). 

FABRE,  Jean  Henri,  distinguished  French 
entomologist :  b.  Saint-Leons,  Avcyron,  21  Dec. 
1823.  In  early  life  he  taught  school  and  be- 
came professor  of  natural  philosophy  at  the 
College  of  Ajaccio  and  later  at  the  Lyeee  of 
Avignon.  He  is  corresponding  member  of  the 
Institut  de  France  and  chevalier  of  the  Lcxion 
of  Honor.  Many  years  ago  he  retired  to 
SeYignan,  Vaucluse,  and  in  this  retreat  pro- 
duced his  greatest  work.  'Souvenirs  cntomo!- 
ogiques'  (10  vols.,  1879-1907).  Among  his 
other  numerous  works  are  'La  science  elemcn- 
taire'  (1862);  'Histoirc  de  la  buche'  (1866); 
'Les  ravageurs'  (1870)  ;  'Premiers  elements 
de  physique'  (1875)  ;  'La  plante'  (1875)  ;  'Les 
inventcurs  ct  leurs  inventions'  (1880);  'The 
Life  and  Love  of  the  Insect'  (1911);  'Social 
Life  in  the  Insect  World'  (1912);  'The  Life 
of  the  Fly'  (1913);  'The  Mason-Bees'  (1914); 
'Bumble  Bees'  (1915). 

FABRE,  Marie  Joseph  Victorin,  French 
poet:  b.  Janjac,  Ardichc.  1785;  d.  1831.  At  the 
age  of  20  he  achieved  a  brilliant  success  with 
'Eloge  de  Boik-au.1  which  was  crowned  by  the 


Academy.  His  later  works,  however,  did  not 
bear  out  his  early  promise  and  he  died  in  ob- 
scurity. These  include  'Discours  en  vers  sur 
les  voyages'  (1807);  'Eloge  sur  Pierre  Cor- 
ncille'  (1808)  ;  «La  mort  dc  Henri  IV  (1808)  ; 
Opuscules  en  vers  et  en  prose'  (1806)  and 
<EIoge  de  La  Bruyere'  (1810).  His  collected 
works  were  issued  by  his  pupil,  J.  Sabbatier 
(Paris  1845). 

FABRE  D 'EGLANTINE,  Philippe  Fran- 
cois  Nazaire,  fe-lep  fran-swa  na-zar  fabr  da- 
gldn-ten,  French  dramatic  poet:  b.  Carcassonne, 
28  Dec.  1755;  d.  Paris,  5  April  1794.  Having 
gained  the  prize  of  the  Eglantine  in  the  Floreal 
games  at  Toulouse,  he  assumed  the  name  of 
that  flower  as  a  surname.  He  now  wrote  sev- 
eral theatrical  pieces,  of  which  however  only 
two,  'L'lntrigue  epistolaire'  and  the  'Philinte 
de  Moliere,'  were  successful.  The  latter  is 
still  considered  one  of  the  best  character-pieces 
of  the  modern  French  stage.  He  engaged  with 
ardor  in  the  Revolution,  in  which  he  was  as- 
sociated with  Danton,  Lacroix  and  Camille  Dcs- 
moulins.  As  deputy  from  Paris  to  the  National 
Convention,  he  at  first  supported  moderate 
principles,  but  afterward  voted  for  the  death 
of  Louis  XVI  without  appeal,  and  was  chosen 
a  member  of  the  committee  of  public  safety. 
He  afterward  became  suspected  by  the  Jacobins 
and  being  condemned  to  death  was  executed 
along  with  his  colleague  Danton  (q.v.). 

FABRE  D'OLIVET,  Antoine.  French  Pro- 
vencal writer:  b.  Ganges  (Herault).  8  Dec. 
1767;  d.  Paris,  April  1825.  He  was  one  of  the 
earliest  leaders  of  the  dialect  and  racial  move- 
ment in  southern  France,  and  a  descendant  of 
lean  Fabre,  THonnete  Criminel."  the  hero  of 
Fenouillot  dc  Falbaire*s  famous  drama  of  the 
same  title.  He  was  a  mvstic,  a  scientist  and 
an  erratic  student  whose  literary  food  was  of 
the  most  omnivorous  nature.  The  wide  range 
of  his  studies  and  sympathies  is  shown  in  the 
following  partial  list  of  his  works:  'Notions 
sur  1c  sens  de  I'ouic  en  general'  (1811-19)  ; 
'Les  vers  dores  de  Pythagore,  expliques  pour 
la  premiere  tois  et  traduits  en  vers  ctimolpiqucs 
franqais'  (1813);  'La  languc  h^braique' 
(1816);  'De  l'ctat  social  dc  1'homme'  (1822- 
24);  'Le  Quatorze  Jtiillet'  (drama  1790); 
'Toulon  soumis'  (historical  opera  in  vers  libres 
1794)  ;  'Le  Sage  de  l'lndoustan'  (drama  1796)  ; 
'Lettres  a  Sophie  sur  l  histoirc'  (1801)  <Le 
Troubadour'  (1803);  'Cain'  (drama  1823). 
He  also  published  considerable  music.  His  in- 
fluence in  the  re-establishment  of  the  Langue- 
dnc  as  a  literary  tongue  was  due  principally  to 
his  philologica'  studies  in  Provencal. 

FABRETTI,  fa-bret'te,  Ariodante,  Italian 

antiquary:  b.  Perugia,  1816;  d.  1894.  In  1860 
he  was  appointed  to  the  chair  of  archaeology  at 
Turin  and  in  1868  became  director  of  the  Mu- 
seum of  Antiquities  there.  He  published  sev- 
eral works  on  the  antiquities  of  Perugia  and  be- 
came senator  of  the  kingdom  in  1889.  His 
most  important  work  is  'Corpus  Inscriptionum 
Italicarum  Antiquioris  yEvi*  (1867). 

FABRETTI,  Raffaele,  Italian  antiquarian: 

b.  Urbino;  1619;  d.  Rome,  7  lan.  1700.  He  was 
made  papal  treasurer  by  Alexander  VII,  and 
finally  superintendent  of  the  archives  in  the 
castle  of  San  AiiRelo,  which  office  he  held  till 
his  death.  Among  his  writings  may  be  men- 
tioned   <De    Aqiueductibus    veteris    Romse' ; 
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'De  Columna  Trajani' ;  and  'Inscriptionum 
Antiquarum  Explicatio,'  in  the  last  of  which 
much  light  is  thrown  on  the  discoveries  made 
by  himself  in  the  Catacombs. 

FABRI,  faT)re,  Felix  (German,  Schmid), 
German  monk-:  d.  about  1502.  He  entered  the 
Order  of  Preachers  and  became  lector  in  the 
monastery  of  the  order  at  Ulm.  In  1480  he 
made  a  pilgrimage  to  Jerusalem  and  three  years 
later  went  as  chaplain  with  Johann  von  Wald- 
burg  to  the  Holy  Land,  returning  via  Cairo, 
Alexandria  and  Venice.  At  Ulm  after  his  re- 
turn he  penned  an  account  of  this  journey, 
which  remains  one  of  the  most  important  travel 
narratives  of  the  late  Middle  Ages.  The  Latin 
version  is  contained  in  'Bibliothek  des  littcrar- 
ischen  Vereins'  (Stuttgart  1849).  A  German 
version  appeared  in  Feyrabend's  'Reyssbuch 
des  heiligen  Lands'  (Frankfort  1584). 

FABRI,  Friedrich,  German  theologian: 
b.  Schweinfurt.  1824;  d.  1891.  He  received  his 
education  at  the  universities  of  Erlangen  and 
Berlin.  He  held  several  pastorates,  and  in  1857 
became  director  of  the  Missionary  Society  at 
Barmen,  where  he  remained  until  1884.  He 
then  retired  to  Godesberg-on-the-Rhine  and 
became  president  of  the  Evangelical  Society 
for  the  German  Protestants  in  America.  In 
1889  he  was  appointed  honorary  professor  at 
the  University  of  Bonn.  He  wrote  'Bedarf 
Deutschland  der  Kolonien?'  (3d  ed.,  1884); 
'Briefc  gegen  den  Matcrialismus'  (1856); 
'Die  Entstehung  des  Heidentums  und  die  Auf- 
gabc  der  Hcidenmission'  (1859);  'Die  politischc 
Lagc  und  die  Zukunft  der  evangelischen  Kirche 
in  Deutschland*  (3d  ed.,  1874);  'Staat  und 
Kirche>  (3d  ed.,  1872);  'Fiinf  Jahre  dcutschcr 
Kolonialpolitik>  (1889). 

FABRI,   Jacques   L.   D*Estaples.  Sec 

Faber. 

FABRI,  Johannes,  Roman  Catholic  prel- 
ate: b.  Leutkirch,  near  Lake  Constance,  1478; 
d.  Baden,  21  May  1541.  He  changed  his  name 
of  Heigerlin  to  Fabri  or  Faber,  studied  theology 
and  canon  law  at  the  universities  of  Tubingen 
and  Freiburg.  He  served  as  a  member  of  the 
secular  clergy  for  several  years  and  in  1518 
became  vicar-general  of  Constance.  He  was  on 
intimate  terms  with  Erasmus,  Melanchthon  and 
Zwinglius  and  many  thought  that  he  agreed 
with  their  doctrines,  but  when  the  breach  came 
he  remained  with  the  ancient  Church.  In  1522 
he  published  a  work  against  Luther,  and  there- 
after his  opposition  to  the  Reformers  was  con- 
stant and  formidable.  His  'Malleus  in  Hares- 
im  Luthcranam'  (1524)  earned  for  him  the 
sobriquet  of  "Hammer  of  Heretics."  He  was 
one  of  the  ablest  defenders  of  the  old  Church 
at  Zurich  in  1523,  Speicrs  in  1529,  and  Augsburg 
in  1530.  In  1531  he  was  appointed  archbishop 
of  Vienna  and  thereafter  his  polemical  strug- 
gles were  with  the  Moslems.  His  homiletical 
works  were  issued  at  Cologne  (3  vols.,  1537- 
41)  and  the  polemical  in  'Onuscula  Qua?dam 
J.  Fabri  Viennensis*  at  Leipzig  (1537).  Con- 
sult Horawitr,  A.,  'Johannes  Heigerlin  genannt 
Faber,  Bischof  von  Wien.  bis  zum  Regens- 
burger  Convent'  (Vienna  188-1);  and'Tanssen, 
'Historv  of  the  German  People'  (Vol.  XIV. 
English  trans.,  London  1909). 

FABRIANO,  Gentile  da,  jen-tela  da  fa- 
bre-a'nd,  Italian  painter:  b.   Fabriano,  about 


1370;  d.  Rome,  about  1450.  His  earliest  work 
was  perhaps  the  decoration  of  a  chapel  for 
Pandolfo  Malatesta  at  Brescia.  In  1423  he 
painted  one  of  his  best  extant  pictures,  an 
♦Adoration  of  the  Kings,'  for  the  church  of  the 
Holy  Trinity  in  Florence.  To  the  same  period 
belongs  a  Madonna  with  Saints  (now  in  the 
Berlin  Museum).  A  picture  of  the  naval  en- 
gagement between  the  fleet  of  Venice  and  that 
of  the  Emperor  Barbarossa,  which  Fabriano 
painted  for  the  Venetian  Senate,  so  pleased 
them  that  they  conferred  on  him  the  dignity  of 
a  patrician  and  a  pension  of  a  ducat  per  diem 
for  life.  Fabriano  next  worked  at  Orvieto,  but 
was  called  thence  by  Pope  Martin  V,  who  em- 
ployed him  in  adorning  the  church  of  Saint 
John  Latcran  with  frescoes  from  the  life  *of 
John  the  Baptist.  Fabriano's  pictures  indicate 
a  cheerful  and  joyous  nature.  He  had  a  child- 
like love  of  splendor  and  rich  ornamentation, 
but  his  coloring  is  never  extravagant  or  mere- 
tricious. 

FABRIANO,  Italy,  episcopal  city  20  miles 
northeast  of  Perugia.  It  is  situated  at  an  eleva- 
tion of  1,066  feet,  in  the  midst  of  mountain 
scenery  and  in  a  fruit-growing  region..  This  is 
the  native  place  of  the  artist  Gentile  da  Fabri- 
ano (q  v.),  a  large  number  of  whose  paintings 
are  preserved  here  in  churches  and  in  the  city 
hall.  Paper,  parchment,  gunpowder,  glue  and 
felt-cloth  arc  the  chief  manufactures.  The 
paper  and  parchment  factories  were  established 
in  1564.    Pop.  of  the  commune  23,752. 

FABRICE,  fa-bres',  Georg  Friedrich  Al- 
fred von,  German  statesman :  b.  Quesnoy-sur- 
Dcule,  France,  1818;  d.  1891.  He  entered  the 
Saxon  army  in  1834  and  rose  to  chief  of  the 
general  staff  and  major-general  in  1865.  In  the 
war  between  Prussia  and  Austria  in  1866  he  was 
chief  of  staff  to  Crown  Prince  Albert,  who 
commanded  the  Saxon  troops  on  the  Austrian 
side.  After  the  war  Fabrice  was  appointed 
Saxon  Minister  of  War.  In  this  capacity  he 
reorganized  the  Saxon  army  after  the  Prussian 
model.  He  was  one  of  the  prominent  com- 
manders in  the  war  of  1870-/1  with  France, 
conducted  the  peace  preliminaries  at  Versailles 
and  commanded  the  German  army  of  occupa- 
tion in  France.  He  again  became  Minister  of 
War  of  Saxony  in  1871  and  Prime  Minister  in 
1876.  He  was  made  a  baron  in  1878  and  count 
in  1884.  Consult  Dittrich.  'General  von 
Fabrice'  (Dresden  1884). 

FABRICIAN  (fa-brlsh'an)  BRIDGE, 
Rome,  a  stone  bridge  joining  ^Esculapius  Island 
with  the  left  bank  of  the  Tiber,  built  in  62  B.C. 
by  Lucius  Fabricius.  It  is  the  only  Roman 
bridge  that  has  lasted  to  our  day.  It  is  known 
at  present  as  the  Ponte  dei  Quattro  Capi.  Con- 
sult Platner  'The  Topography  and  Monuments 
of  Ancient  Rome'  (2d  ed.,  New  York  1911). 

FABRICIUS,  -fa-bnsh'us,  Gaius  Fabricius 
Luscinus,  Roman  general  and  statesman  of 
the  4th  and  3d  centuries  B.C.  In  282  B.C.  and 
again  in  278  he  was  consul.  In  282  he  won  a 
victory  over  the  Lucanians  and  Bruttians  and 
also  led  troops  against  Pyrrhus.  He  was  noted 
for  his  incorruptibility.  It  is  said  that  Pyrrhus 
once  tried  to  secure  favorable  peace  terms 
through  bribery,  but  his  offer  was  received  by 
Fabricius  with  such  disdain  that  Pyrrhus  re- 
leased his  Roman  prisoners.   On  another  occa- 
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sion  an  attendant  of  the  king  offered  to  poison 
his  master  for  a  consideration,  but  Fabricius  in- 
formed Pyrrhus  of  his  servant's  treachery  and 
the  king  again  released  all  Romans  held  as 
prisoners  by  him.  Fabricius  was  censor,  to- 
gether with  Q.  ^Emilius  Papus.  He  was 
awarded  a  triumph  for  his  military'  victories, 
but  at  his  death  his  means  were  so  slight  that 
his  daughter  was  given  a  pension  from  the  pub- 
lic treasury. 

FABRICIUS,  fa-bre'tsc-us,  Georg,  Ger- 
man scholar:  b.  Chemnitz,  Saxony,  1516;  d. 
1571.  In  1546  he  was  made  rector  of  Meissen 
and  in  1570  Maximilian  II  made  him  poet  lau- 
reate. His  poetry  was  written  mostly  in  Latin. 
In  1560  appeared  his  'Pocmatum  Sacrorum 
Libri  XV.'  Other  important  works  were  his 
'Antiquitatum  Libri  IP  (1549)  ;  'Itincrum 
Liber  Unus'  (1551);  and  <Roma»  (1551). 
Consult  Baumgartcn-Crusius,  (Dc  Gcorgii  Fab- 
ricii  Vita  ct  Scriptis'  (Meissen  1839), 

FABRICIUS,  Hieronymus,  hl-er-on'i-mus 
f5-brish'i-us  (Italian  Fabrizion,  Girolamo), 
Italian  physician:  b.  Aquapcndcnte,  1537;  d. 
Padua,  21  May  1619.  He  studied  at  Padua  under 
the  celebrated  Fallopitts,  whom  he  afterward 
succeeded  in  the  anatomical  chair,  and  had 
Harvey,  the  discoverer  of  the  circulation  of 
blood,  for  a  pupil.  Harvey  acknowledged  that 
the  discovery  of  the  valves  in  the  veins  made 
by  his  master  put  him  on  the  way  of  his  discov- 
ery. During  the  lifetime  of  Fabricius  his  merit 
was  fully  recognized  by  the  public  and  the 
state,  an  anatomical  theatre  being  built  for  him 
at  Venice.  His  works  were  collected  and  pub- 
lished by  Bohnius  (1687). 

FABRICIUS,  Johann  Albrecht,  German 
scholar:  b.  Leipzig,  11  Nov.  1688;  d.  Hamburg, 
30  April  1736.  He  was  versed  in  almost  every 
department  of  human  knowledge,  particularly 
in  philology  and  ancient  literature,  and  under- 
stood the  art  of  using  these  stores  of  erudition 
to  the  greatest  advaniage.  He  was  professor  of 
rhetoric-  and  moral  philosophy  in  the  gymnasium 
at  Hamburg.  He  published  a  'Bibliotheca 
Gnrca'  (1705-28);  'Bibliotheca  Latina'  (1697); 
'Bibliotheca  Media;  et  Infimae  -#£tatis>  (1734); 
'Bibliotheca  Kcclesiastica' ;  'Bibliotheca  Anti- 
quaria>  (1713). 

FABRICIUS,  Johann  Christian.  Danish 
entomologist :  b.  Tundern,  in  the  duchv  of 
Schlcswig.  7  Ian.  1745;  d  Kiel,  3  March  1808. 
He  pursued  his  studies  at  Lcydcn,  Edinburgh 
and  Freiburg  in  Saxony  and  under  Linnaeus  at 
Upsal.  His  works  upon  entomology-  show  the 
principles  the  method  and  even  the  forms  of  ex- 
pression peculiar  to  Linnaeus  applied  to  the  de- 
velopment of  a  new,  happy  and  fruitful  train 
of  ideas.  From  his  intercourse  with  him  he 
derived  his  first  notions  of  his  system  of  ar- 
ranging insects  according  to  the  organs  of  the 
mouth.  Fabricius  obtained  the  professorship  of 
natural  history  in  the  University  of  Kiel;  and 
in  1775  appeared  his  'System  of  Entomology,' 
which  gave  to  this  science  an  entirely  new 
form.  Two  years  afterward  he  developed  in  a 
second  work  the  characters  of  the  classes  and 
orders,  and  demonstrated  in  the  prolepomena 
the  advantages  of  his  method.  In  1778  he  pub- 
lished his  ' Philosophia  Entomologica'  written 
upon  the  plan  of  the  well-known  'Philosophia 
Botanica.' 


IF  tomAs  de  iriarte 

FABRIKOID,  a  material  consisting  of  a 
base  of  cotton  cloth,  coated  with  a  tough,  flexi- 
ble material  and  embossed  by  steel  plates  or 
rolls  to  produce  the  appearance  and  feeling  of 
any  desired  natural  leather  grain.  It  is  made 
in  various  grades,  colors,  widths  and  grains 
for  different  purposes.  It  is  used  for  the  up- 
holstery of  automobiles,  carriages,  furniture, 
for  bookbinding,  suitcases,  purses,  novelties,  and 
in  general  for  all  classes  of  work  where  leather 
may  be  used,  such  as  wall  coverings,  trunk 
linings,  etc.  Fabrikoid  is  waterproof,  washable 
and  non-absorbent,  and  has  the  pleasing  appear- 
ance of  the  best  leather.  It  is  manufactured  in 
rolls,  averaging  60  yards  in  length  and  36  to 
54  inches  in  width. 

FABRIZI,  fa-bret'se,  Nicola,  Italian  sol- 
dier: b.  Modcna,  1804;  d.  1885.  In  1831  for  his 
part  in  the  Modena  insurrection  he  was  impris- 
oned. When  released  he  went  to  Marseilles  and 
with  Mazzini  organized  the  Savoy  expedition. 
He  went  to  Spain  and  took  part  in  the  Carlist 
wars  on  the  Liberal  side,  and  afterward  re- 
moved to  Malta.  In  1848  he  fomented  a  revo- 
lution in  conjunction  with  Crispi  and  again  in 
1860.  He  joined  his  forces  with  Garibaldi  at 
Palermo  and  by  the  latter  was  made  Minister  of 
War  and  governor  of  Messina.  Under  a 
United  Italy  Fabrizi  was  elected  to  the  Parlia- 
ment of  the  kingdom. 

FABRONI,  or  FABBRONI,  fa-bro'ne, 
Giovanni  Valentino  Mathias,  Italian  scientist: 
b.  Florence,  13  Feb.  1752;  d  Pisa,  17  Dec.  1822. 
He  left  behind  him  a  considerable  number  of 
valuable  memoirs  and  treatises  on  matters  re- 
lating to  chemistry,  agriculture,  physiology,  etc., 
of  which  the  best  known  are  'Provvedimenti 
Annonarj';  his  'Discourses  on  National  Pros- 
perity'; on  'The  Equilibrium  of  Commerce, 
and  the  Establishment  of  Custom-houses'  ;  on 
the  'Effects  of  the  Free  Traffic  in  Raw  Mate- 
rial'; on  'Rewards  for  the  Encouragement  of 
Trade';  on  the  'Chemical  Action  of  Metals'; 
on  the  'Value  and  Reciprocal  Proportion  of 
Coins';  on  the  'Scales  and  Steelyards  of  the 
Chinese,'  etc. 

FABULAS  OF  TOMAS  DE  IRIARTE. 

In  spite  of  the  pronounced  fondness  of  the 
Spaniards  for  the  moralizing  and  the  aphoriMic 
in  both  spoken  and  written  expression,  the  fable 
as  a  distinct  genre  did  not  come  to  its  own 
in  the  Spanish  language  until  the  18th  century 
In  translations  of  both  Oriental  and  Occidental 
material  and  sporadically  in  this  or  that  literary 
work,  in  which  it  is  used  for  literary  purposes, 
the  apologue  material  appears  now  and  then 
from  the  Old  Spanish  period  down;  but  as  a 
form  displaying  any  originality  of  treatment  it 
first  becomes  important  with  the  composition  of 
the  verse  fables  of  Tomas  de  Iriarte  (1750-91) 
and  of  Felix  Maria  Samaniego  (1745-1801). 
While  Samaniego  draws  in  no  slight  degree 
upon  the  .^sopic  stock  and  does  not  hesitate  to 
utilize  also  the  Latin  Pha-drus.the  Frenchman  La 
Fontaine,  and  the  Englishman  Gay,  Iriarte  shows 
far  more  independence  of  conception,  and  be- 
sides, as  the  very  title  of  his  work, 'Fibulas  liter- 
arias'  (1782),  suggests  he  has  not  Samaniego's 
purpose  of  edifying  the  world  at  large  but 
rather  the  restricted  circle  of  men  of  letters. 
Literary  criticism  is,  then,  the  compelling  mo- 
tive of  the  lessons  that  he  frames  and  seeks  to 
inculcate.    He  has  the  set  aim  of  correcting, 
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through  the  ridicule  which  he  directs  upon 
them,  the  various  defects  from  which  Spanish 
literature  is  suffering.  To  do  this  he  has  no 
need  of  giving  free  rein  to  his  imagination;  on 
the  contrary,  he  has  only  to  give  evidence  of  a 
sound  literary  judgment  expressed  in  an  easy 
and  correct  style  and  seasoned  with  a  delicate 
humor.  All  these  qualities  are  well  exhibited 
in  his  fables,  which,  moreover,  present  a  versi- 
fication of  a  nature  ever  varied  and  ever  har- 
monious. Iriarte's  abiding  fame  is  associated 
with  the  'Fabulas  literarias, '  but  it  is  worthy 
of  record  that  he  was  a  skilful  writer  of  com- 
edies, in  several  of  which  he  satirized  features 
of  the  social  life  of  his  time. 

J.  D.  M.  Ford. 

FABULOUS   ANIMALS.     See  Fable; 

Heraldry;  Unicor.v. 

FABVIER,  fa'vya',  Charles  Nicolas, _Raron, 
French  general:  b.  Pont-a-Mousson,  1782;  d. 
1855.  In  1807  at  the  order  of  Bonaparte  he 
went  to  Constantinople  to  strengthen  that  city's 
fortifications  in  view  of  an  impending  attack 
by  a  British  fleet.  After  accomplishing  this 
task  he  organized  batteries  of  artillery  for  the 
defense  of  Ispahan  against  the  Russians.  In 
1811  he  was  with  Marmont  in  Spain  and  two 
years  later  became  a  member  of  the  general 
staff  with  the  rank  of  colonel.  After  the 
restoration  of  the  Bourbons  his  political  activ- 
ity soon  made  a  sojourn  in  England  more  de- 
sirable than  to  remain  in  France,  and  in  1823 
he  went  to  Greece  and  was  made  commander- 
in-chief  of  infantry.  Reverses  at  Chios  and  at 
Athens  impaired  his  position  among  the  Greeks, 
and  he  returned  to  his  native  land  in  1829.  He 
was  named  Ambassador  to  Constantinople  in 
1848.  He  published  'Journal  des  operations 
du  VI,  corps  pendant  la  campagne  dc  1814  en 
France1  <  1819).  Consult  I>ebidour,  'Le  general 
Fabvier,  sa  vie  ct  ses  ecrits'  (Paris  1892)  ;  id, 
'Fabvier  a  1'Acropolc*  and  <Les  dernieres 
annecs  due  General  Fabvier'  (in  'Seances  et 
travaux  dc  1'Acadcmic  des  sciences  morales  et 
politiques,'  Vols.  CLIX,  CLXI,  Paris  1903, 
1904). 

FABYAN,  or  FABIAN,  Robert,  English 
historian:  d.  1513.  He  was  a  member  of  the 
Drapers'  Company  and  served  as  an  alderman 
of  London.  In  1516  was  published  his  'New 
Chronicles  of  England  and  France.'  He  began 
with  the  arrival  of  Brutus  and  continued  the 
history  down  to  the  battle  of  Bosworth  Field 
in  1485.  The  work  suffers  much  from  the 
author's  lack  of  scholarship.  Fahvan  is,  how- 
ever, valuable  for  his  accounts  of  the  London 
life  of  his  day.  Successive  chroniclers  con- 
tinued the  work  down  to  1558.  Consult  the 
edition  by  Sir  Henry  Ellis  (London  1811). 

FACADE,  fa-sad'  (Fr.  "the  front  of  a 
building"),  the  face  or  front  of  any  building, 
particularly  its  principal  face  or  faces;  gener- 
ally used  of  a  building  of  magnitude  or  im- 
portance. A  back  elevation  is  termed  a  rear 
facade ;  a  side  elevation  a  lateral  facade.  See 
Architecture 

FACATATIVA,  fa'ka-ta'te-va'.  Colombia, 
town  in  the  department  of  Cundinamarca,  20 
miles  northeast  of  Bogota.  Its  site  is  8,500  feet 
above  sca-levcl.  Facatativa  was  an  Indian 
fortress  before  the  advent  of  the  Spaniards. 
The  last  chief  of  the  Chibchas,  Triquesupa,  was 


killed  here  in  1538  by  one  of  Quesada's  soldiers. 
The  town  has  considerable  trade  with  Bogota. 
Pop.  7.000. 


Padua,  26  Aug.  1769.  He  devoted  the  greatest 
attention  to  reviving  the  study  of  ancient  litera- 
ture ;  and  accordingly  undertook  a  new  edition 
of  a  dictionary  in  seven  languages,  which  was 
called  the  'Calenin,'  from  the  name  of  its 
author,  the  monk  Ambrosius  Calepinus  His 
pupil,  Forcellini,  assisted  him  and  the  work  was 
completed  between  1715  and  1719.  He  now,  in 
company  with  his  industrious  disciple,  con- 
ceived the  idea  of  a  Latin  lexicon,  in  which 
every  word,  with  all  its  significations,  should 
be  contained  and  illustrated  by  examples  from 
the  classical  writers,  after  the  manner  of  the 
dictionary  of  the  Cruscan  Academy.  This  im- 
mense undertaking  occupied  them  both  for 
nearly  4U  years,  racciolati  directed  the  work, 
which  is  generally  regarded  as  having  been 
almost  entirely  executed  bv  Forcellini.  He  left 
many  Latin  discourses  which  are  characterized 
by  Ciceronian  elegance  of  style,  but  differ  from 
their  model  by  a  precise  brevity. 
FACE.   Sec  Skull 

FACE  WHEEL,  called  also  Contrate 
Wheel  and  Crown  Wheel,  a  wheel  which  has 
cogs  projecting  from  the  periphery  at  right 
angles  to  the  plane  of  motion;  as,  in  watches, 
the  wheel  situated  nearest  the  crown  and  driv- 
ing the  balance. 

FACETIAE,  fa-se'shi-e  (Lat.  "witticisms"), 
a  collection  of  humorous  sayings  or  tales, 
witticisms  and  jests.  Among  the  earliest  such 
is  that  known  as  'Astcia,'  generally  attributed 
to  Hicroclcs.  Latin  collections  were  common 
in  the  later  Middle  Ages,  the  most  notable  being 
the  'Liber  Facctiarum'  (1470)  of  Poggio  Brac- 
ciolini. 

FACHAN,  or  FATSHAN,  China,  in  the 
province  of  Kwang-Tung,  on  the  Tu-Kiang, 
about  20  miles  west  by  south  of  Canton.  Its  iron 
and  steel  products  have  earned  for  it  the  name 
of  the  "Birmingham  of  China" ;  it  has  manu- 
factures also  of  cloth  and  silk,  bamboo  and 
rattan  articles,  embroideries  and  porcelain.  Its 
trade  is  in  manufactured  articles  and  the  agri- 
cultural products  of  the  surrounding  country. 
Pop.  450,000. 

FACIAL  ANGLE,  an  anatomical  term  for 
the  angle  contained  between  two  imaginary 
lines,  one  from  the  most  prominent  part  of  the 
forehead  to  the  anterior  extremity  of  the 
alveolar  process  of  the  upper  jaw,  opposite  to 
the  incisor  teeth ;  the  other  from  the  external 
auditory  foramen  to  the  same  point,  serving 
to  measure  the  elevation  of  the  forehead.  The 
angle  is  of  great  service  in  ethnology,  but  its 
magnitude  is  not  an  infallible  criterion  of  the 
intellectual  capacity  of  an  individual.  It  is 
sometimes  called  Camper's  angle,  because  the 
celebrated  Dutch  anatomist  Camper  was  the 
first  to  draw  attention  to  the  importance  of 
this  method  of  skull  measurement. 

FACIAL  NERVE.  The  seventh  cranial 
nerve  in  the  ccrebro-spinal  axis  forms  the  chief 
motor  nerve  ot  the  face.  It  originates  in  a 
ffroup  of  ganglion  cells  lying  in  the  floor  of  the 
fourth  ventricle  in  the  medulla.    The  fibres 
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pass  out  through  the  tcmporal-bonc  lying  by 
the  side  of  the  auditory  nerve  in  the  middle 
of  the  ear  canal  and  arc  finally  distributed  to 
the  chief  muscles  of  the  face.  Affections  of 
this  nerve  cause  partial  or  total  loss  of  power 
of  the  muscles  of  the  face.  See  Facial 
Paralysis. 

FACIAL  NERVE  PARALYSIS,  paraly- 
sis of  the  motor  nerve  which  controls '  the 
muscles  of  the  face.  The  paralysis  may  ex- 
tend to  one  or  both  cheeks;  but.  in  most  cases, 
when  the  cause  has  been  tieated  recovery 
follows. 

FACIAL  NEURALGIA,  a  painful  affec- 
tion involving  the  chief  sensory  nerve  of  the 
f«ce;  the  trigeminal  or  fifth  nerve.  This  neu- 
ralgia may  involve  any  of  the  branches  and, 
because  of  their  wide  distribution  over  the 
shoulder,  back  of  the  neck,  scalp  and  face  may 
be  felt  in  a  number  of  locations.  Very  fre- 
quently the  pain  is  in  the  jaw  and  is  due  to  dis- 
eased teeth,  toothache  being  a  form  of  neu- 
ralgia of  this  nerve. 

The  pain  may  radiate  from  over  the  orbit, 
constituting  supra-orbital  neuralgia,  or  it  may 
be  distributed  over  the  back  of  the  head,  con- 
stituting occipital  neuralgia.  Occasionally  neu- 
ralgia of  the  fifth  nerve  gives  rise  to  typical 
attacks  of  sick-hcadache.  A  particular  variety 
which  is  extremely  severe  and  is  supposably  due 
to  disease  of  the  sensory  ganglia  of  the  fifth 
nerve  is  known  as  tic-doulourcux.  Characteris- 
tic features  of  neuralgias  of  the  face  arc  the 
sudden  shooting,  darting  pains,  usually  one- 
sided, unaccompanied  with  other  constitutional 
disturbances.  The  cause  is  most  frequently  ex- 
posure to  cold.  From  riding  on  the  tops  of 
omnibuses,  sitting  by  the  open  windows  of  rail- 
road cars,  or  by  any  open  window  with  a  draft 
blowing  through,  persons  are  very  frequently 
affected.  At  times  anaemia,  gout  and  infection 
from  bad  teeth  occasion  facial  neuralgia. 

Treatment  will  depend  largely  upon  the  ex- 
citing cause.  Heat,  gentle  massage,  simple  diet 
and  free  movements  of  the  bowels  are  general 
measures  to  be  carried  out.  Occasional  surgical 
intervention  is  necessary  to  cure  tic-douloureux. 
The  medical  treatment  of  neuralgias  of  the  face 
is  technical  and  involves  the  use  of  remedies 
that  are  dangerous  in  the  hands  of  laymen. 

FACIAL  PARALYSIS,  a  partial  or  total 
loss  of  power  in  the  muscles  of  the  face.  One 
side  of  the  face  alone  is  usually  affected. 
Paralysis  may  result  from  any  disease  of  or 
injury  to  the  facial  nerve,  cither  inside  of  the 
skull  proper,  or  in  its  external  distribution. 
Paralysis  of  the  face  very  frequently  occurs  in 
apoplexies.  Here  the  disease  results  from  a 
disturbance  of  the  nerve  in  its  intracranial  por- 
tion. It  also  is  occasioned  by  disease  in  the 
middle  ear,  but  is  most  frequent  following  ex- 
posure to  cold,  during  which  the  external 
branches  are  involved.  This  latter  form  is 
termed  Bell's  palsy  (q,v.).  The  symptoms  of 
facial  paralysis  may  vary  according  to  the  num- 
ber of  branches  of  the'  nerve  that  may  be  in- 
volved. In  a  complete  case  the  paralyzed  side 
is  Hat  and  expressionless,  the  mouth  is  drawn 
toward  the  well  side,  making  the  well  side 
look  as  though  it  were  contorted  and  discascd. 
The  patient  is  unable  to  whistle  and  may  not  be 
able  to  talk  very  clearly.  The  tongue  may  be 
protruded  toward  the  well  side.   There  may  be 
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inability  to  close  the  eyelids.  Sensation  is  not 
involved.  When  the  patient  eats  he  may  not  be 
able  to  move  the  tongue  on  the  paralyzed  side 
of  the  mouth  and  he  cannot  fill  out  his  checks 
on  the  flat  side.  The  electrical  reactions  of  the 
muscles  at  first  may  not  be  affected,  but  later 
what  is  known  as  the  reaction  of  degeneration 
sets  in.  Most  cases  of  facial  paralysis  due  to 
peripheral  trouble,  as  well  as  Bell's  palsy,  re- 
cover of  themselves;  others,  due  to  hemiplegia 
or  to  inflammation  of  the  middle  ear  or  to 
fracture  of  the  skull,  recover  less  frequently. 

Treatment  is  by  means  of  tonics  —  iron, 
strychnine,  arsenic  and  clectrictiy.  In  intract- 
able cases  surgical  anastomosis  with  other 
motor  nerves  may  prove  of  service. 

FACIAL  SPASM.    Sec  Tics 

FACINGS,  Military.   Sec  Uniforms. 

FACSIMILE,  fak-slml-lc,  an  exact  repro- 
duction or  likeness,  as  of  handwriting,  printed 
books,  manuscripts,  etc. 

FACTOR  (Lat.  "a  maker").  (1)  An  agent 
or  substitute,  especially  a  steward  or  agent  of  an 
estate,  appointed  by  a  landowner  to  manage 
the  estate,  collect  rents,  let  lands,  etc.;  also  an 
agent  employed  by  merchants  to  transact 
business  for  them  in  other  places,  as  to  buy 
and  sell,  to  negotiate  bills  of  exchange,  etc. 
He  differs  from  a  broker  in  that  he  is  en- 
trusted with  the  possession  and  disposal  of  the 
goods,  property,  etc,  and  may  buy  and  sell  in 
his  own  name.  (Sec  Agent).  (2)  In  arithmetic 
any  one  of  the  integers  the  product  of  which 
is  a  given  number.  A  prime  factor  is  a  factor 
which  is  also  a  prime  number.  (3)  In  algebra, 
any  one  of  the  quantities  which,  when  multi- 
plied, produce  a  given  algebraic  expression. 

FACTOR  ACTS.  A  term  applied  to  a 
number  of  American  and  English  statutes  vali- 
dating sales,  pledges  and  other  business  trans- 
actions of  factors  with  bona- fide  purchasers, 
pledgees,  etc.  Among  the  English  statutes  were 
those  enacted  in  1823,  1842,  1877  and  1889.  The 
last-named  statute  in  part  extends  the  former 
statutes  and  in  part  re-enacts  them.  Many 
statutes  haying  practically  the  same  effect  as 
those  of  England  have  been  enacted  in  the 
United  States.  These  acts  were  deemed  neces- 
sary to  relieve  the  extreme  hardships  often 
resulting  from  the  application  of  the  common- 
law  doctrine  that  the  purchaser  buys  at  his 
peril,  the  vendor  giving  no  better  title  than  he 
has  himself.  This  frequently  resulted  in  the 
perpetration  of  numerous  frauds  by  unscrupu- 
lous persons  on  innocent  purchasers,  pledgees 
and  the  like.  By  the  terms  of  these  acts  any 
agent  having  possession  of  goods  or  the  bill 
of  lading,  warehouse  keeper's  certificate,  or 
other  document  of  title,  with  the  consent,  actual 
or  apparent,  of  the  real  owner,  should  be  deemed 
to  be  the  owner  of  the  goods  for  the  purpose 
of  validating  any  lien,  pledge  or  the  like,  made 
bona-fide  by  any  person  with  such  agent  and 
for  payments  and  advances  made  on  the  secu- 
rity of  the  goods  or  evidences  of  title  thereto.  It 
was  further  provided  by  some  of  these  acts 
that  such  contracts  were  to  be  binding  upon  the 
real  owner  of  the  goods  and  all  persons  inter- 
ested therein,  even  if  the  purchaser,  pledgee 
or  the  like  was  aware  of  the  fact  that  the  per- 
son with  whom  he  dealt  was  the  agent  and  not 
the  real  owner.    The  tendency  of  recent  legis- 
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lation,  both  in  England  and  in  many  jurisdic- 
tions in  the  United  States,  is  toward  extending 
the  scope  of  the  law  in  the  direction  of  an 
entire  abrogation  of  the  common-law  doctrine 
on  the  subject  of  contracts  made  with  agents  or 
others  having  possession  of  personal  property 
or  evidences  of  title  thereto  with  the  permis- 
sion, real  or  apparent,  of  the  owner.  The  prin- 
cipal by  these  statutes  is  compelled  to  use  cau- 
tion in  the  selection  of  persons  who  represent 
him  in  business  transactions,  as  ordinarily  third 
persons  dealing  bona-fide  with  such  represent- 
atives will  be  protected.  In  a  few  States,  how- 
ever, persons  dealing  with  agents,  knowing  them 
to  be  such,  will  not  be  protected.  In  a  number 
of  States  factor  acts  restrict  the  doctrine  to 
mercantile  transactions  and  in  other  States  the 
acts  provide  that  the  goods  must  have  been 
entrusted  to  the  agent  tor  the  purpose  of  sale 
in  order  to  validate  contracts  made  in  relation 
thereto.    Sec  Agent;  Caveat  Emptor;  Factor. 

Edward  F.  Donovan. 

FACTOR  OF  SAFETY.    See  Strength 
of  Materials. 

FACTORIES  AND  FACTORY  IN- 
SPECTION. The  American  factory  in  the 
early  days  of  the  Republic  was  an  outgrowth 
of  the  English  factory.  In  the  18th  century 
England  was  the  centre  of  the  world's  mechan- 
ical progress.  She  manufactured  not  only  for 
Great  Britain  and  her  colonies,  but  for  a  large 
part  of  the  rest  of  the  civilized  portions  of  the 
globe.  Early  emigrants  to  America  were  not 
allowed  to  bring  tools  and  machines  for  manu- 
facturing and  the  laws  of  the  mother  country 
also  aimed  to  hold  skilled  workmen.  The  re- 
sult was  that  the  immigrant  weaver  who  sought 
to  follow  his  trade  in  the  New  World  when 
without  a  loom  built  one;  the  printer  who 
wished  to  issue  a  newspaper  had  to  build  his 
own  press;  the  tanner  had  to  make  his  own 
vats  and  the  currier  to  fashion  his  own  beam- 
ing knife  and  table. 

Because  of  these  conditions  American  me- 
chanics had  to  build  largely  from  the  very 
foundation  and  thus  they  became  inventors  and 
designers  of  machinery  and  introduced  many 
improvements  that  otherwise  might  not  have 
seen  the  light.  The  textile  industries  were  the 
first  to  develop  here ;  then  came  the  iron  mills, 
the  flour  and  grist  mills  and  the  machine  shops. 
At  the  close  of  the  Civil  War  in  1865  the  United 
States  was  a  land  of  small  shops,  with  here 
and  there  a  factory  of  modest  proportions. 
The  war  had  given  a  great  stimulus  to  the 
machine  shops  and  when  it  was  no  longer  nec- 
essary to  turn  out  rifles  and  cannon,  the  ma- 
chine men  turned  their  attention  to  the  mechan- 
isms of  peace.  The  reaper,  the  sewing-machine, 
the  locomotive,  the  printing-press,  the  paper- 
machine,  the  roller-mill  for  flour  and  a  thou- 
sand other  mechanisms  were  developed  and 
perfected  and  the  shops  grew  into  factories 
and  gradually  all  New  England,  the  Middle  and 
later  the  Western  and  Southern  States  built 
factories  of  all  kinds,  thousands  of  which  have 
grown  to  enormous  proportions.  New  York 
City  alone  has  over  10.000  factories  and  the 
'Industrial  Directory  of  New  York  State*  is 
a  book  of  787  pages.  In  1916  there  were  285,- 
000  factories  in  the  United  States,  of  which 
46,000  were  in  New  York  State.  The  factory 
has  become  the  backbone  of  our  Western  civili- 
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zation.  Here  work  is  reduced  to  a  scientific 
system  and  goods  are  manufactured  at  a  frac- 
tion of  the  cost  of  former  times.  If  the  public 
pays  as  much  for  some  things,  it  is  because  they 
demand  so  much  better  than  formerly.  The 
culmination  of  success  in  factory  production 
is  seen  in  the  automobile.  A  better  automobile 
is  sold  to-day  for  less  than  $400  than  could  be 
bought  in  1906  for  $1,500. 

Factory  methods  have  become  so  perfected 
in  this  country  that  construction  engineers  now 
make  a  specialty  of  factory  buildings-,  usually 
confining  themselves  to  one  or  more  lines  of 
industry  and  lay  out  the  new  buildings  from 
the  very  foundations  according  to  the  most 
approved  practice.  Starting  with  the  principle 
that  the  cube  gives  the  most  working  space  for 
the  least  cost  of  enclosure,  the  factory  engineers 
go  on  to  figure  what  height  of  story  and  how 
many  stories  are  most  economical  for  a  given 
business.  They  lay  out  buildings  with  a  view 
to  the  handling  of  a  certain  class  of  work  to 
best  advantage,  that  the  different  departments 
may  move  the  unfinished  work  in  the  least 
wasteful  manner  and  have  the  best  conditions 
for  good  and  rapid  production.  The  sanitation 
and  comfort  of  employees  receives  marked 
attention,  as  the  principle  is  now  well  established 
that  it  pays  the  factory  to  keep  the  good  will 
of  its  help. 

The  human  clement  of  the  factory  receives 
quite  as  much  attention  as  the  mechanical. 
Efficiency  engineers  have  studied  this  problem 
from  every  angle  and  all  large  factories  that 
pretend  to  scientific  management  now  give  close 
attention  to  methods  of  inspiring  the  workers 
to  get  results.  Experimental  departments  are 
maintained  to  improve  the  machinery  and  proc- 
esses. Elaborate  systems  of  cost-finding  and 
scientific  estimating  arc  common.  Specialists 
arc  found  everywhere  in  all  kinds  o  f  fact  ones, 
improving  and  systematizing,  and  there  appears 
to  be  no  end  of  development  of  these  huge 
working  machines(  built  up  of  combinations 
of  men  and  machines  all  working  toward  the 
common  end  of  turning  out  the  largest  quan- 
tity of  a  given  product  of  the  best  quality  in 
the  least  time. 

English  Factory  Development. —  By  the 
middle  of  the  18th  century  the  first  English 
factory,  in  the  present  sense  of  the  word,  was 
built  by  Lombe  Brothers.  It  was  a  silk-mill  and 
the  first  in  which  the  motive  power  was  sup- 
plied from  the  outside  and  machinery  did  the 
work  heretofore  supplied  by  human  hands. 
The  power  used  was  a  water  wheel.  Ark- 
wright  came  to  the  front  with  his  water-frame, 
so-called,  because  water  was  the  motive  power. 
There  began  a  rapid  development  in  spinning 
machines,  which  were  first  applied  to  cotton,  and 
in  this  industry  we  have  the  explanation  how 
the  earlier  triumphs  of  the  factory  system  were 
won.  In  the  beginning  of  the  19th  century,  the 
modern  factory  system  became  established  and 
the  child-labor  question  arose.  As  the  mills  were 
first  established  by  the  streams,  so  that  wheels 
might  be  moved  by  water  power,  it  often  hap- 
pened that  labor  could  not  be  had  in  the  vicin- 
ity. Application  was  made  to  the  almshouse  for 
children  who  were  indentured  or  bound  out  at 
a  fixed  rate  and  for  a  certain  length  of  time. 
Forced  to  work  whether  sick  or  well,  often  16 
hours  a  day  and  given  nothing  for  breakfast 
but  water  porridge,  these  children  were  visited 
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with  serious  epidemics  and  the  attention  of  the 
public  was  thus  aroused.  In  1802  the  first  fac- 
tory act  for  the  "Preservation  of  the  health  and 
morals  of  apprentices  in  cotton  mills"  was  in- 
troduced by  Sir  Edward  Peel,  one  of  the  large 
manufacturers  of  that  time.  All  mills  employing 
three  or  more  apprentices,  or  20  other  persons, 
were  subject  to  this  act.  The  most  important 
clause  was  that  which  fixed  12  hours  as  a  work- 
ing day  and  prohibited  work  altogether  from  9 
p.m.  to  6  A.M. 

First  United  States  Cotton  Factory. —  In 
the  earlier  years  of  the  factory  in  the  United 
States,  each  home  had  its  spindles  and  loom  to 
fill  the  needs  of  its  own  members,  the  flax  and 
cotton  being  grown,  spun  and  woven  by  the  in- 
dividual householder,  or  the  slaves  on  the 
plantations.  England  frowned  upon  all  manu- 
factures in  her  colonies  and  would  allow  no 
machinery  or  parts  of  machinery-  to  be  brought 
to  them.  However  it  could  not  fetter  the  brain, 
nor  forbid  the  inventive  genius ;  and  Slattcr  and 
his  associates,  who  came  to  America  in  the 
latter  part  of  1700,  brought  with  them  the 
knowledge  which  in  1803  built  in  Massachusetts 
the  first  American  cotton-mill.  The  first  mill 
to  take  cotton  in  its  crude  state  and  pass  it 
through  the  different  processes  to  the  woven 
cloth  was  erected  in  Waltham,  Mass.,  in  1813. 
The  first  type  foundry  was  built  in  Philadelphia 
in  1794.  The  first  glass-house  was  constructed 
in  Pittsburgh  in  17%.  Other  factories  followed 
in  rapid  succession  between  1796  and  1810. 

Inspection  Began  in  England.— The  first 
factory  inspection  law  was  adopted  in  England 
about  the  beginning  of  the  19th  century,  as  a  re- 
sult of  the  agitation  caused  by  epidemics  among 
children  and  women  in  factories,  but  it  was  not 
until  1819  that  the  law  was  made  effective. 
The  abuses  became  so  great  that  the  govern- 
ment was  at  last  compelled  to  interfere  in  the 
interests  of  humanity.  This  began  by  asserting 
the  right  of  the  state  to  control  industrial  es- 
tablishments where  women  and  children  were 
employed,  but  this  necessarily  involved  the 
freedom  of  men  in  making  contracts.  The  law 
was  intended  more  particularly  to  meet  the  evils 
of  the  apprentice  system,  but  it  did  not  extend 
to  factories,  where  children  residing  in  the 
neighborhood  were  employed.  From  time  to 
time  this  act  has  been  amended  and  the  author- 
ity of  government  extended,  so  as  to  make  it 
generally  effective  for  the  protection  of  all  labor. 
It  was  thus  in  England  that  the  value  of  factory 
inspection  was  first  determined  by  experience. 
Subsequently  it  was  introduced  into  America. 
Massachusetts  was  the  first  American  State  to 
adopt  a  law  of  that  character. 

To-day  there  arc  factory  laws  in  the  United 
States  based  on  the  Massachusetts  laws,  for  the 
examination  and  approval  of  plans  of  factories 
and  tenement-houses,  also  for  proper  fire-fight- 
ing, means  of  cgre«s  and  sanitary  provisions; 
retaliating  the  employment  of  labor  of  women 
and  minors  in  manufacturing,  mechanical  and 
mercantile  establishments  and  workshops; 
guarding  of  machinery;  the  construction  of 
safety  appliances  of  elevators;  ventilation  of 
factories  and  workshops;  provision  of  toilet  con- 
veniences for  the  use  of  each  sex  employed  in 
factories  and  workshops  and  various  other  sani- 
tary regulations;  uniform  hours  for  meals  for 
women  and  young  persons;  communication  be- 
tween the  engineer's  room  and  each  room  where 
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machinery  is  run  by  steam ;  proper  safeguards  at 
hatchways,  elevator  openings  and  well-holes  in 

Fiublic  buildings,  factories  and  mercantile  estab- 
ishments;  competent  watchmen  and  red  lights 
in  hotels ;  prohibiting  during  working  hours  the 
locking  of  any  inside  or  outside  door  of  any 
building  where  operatives  arc  employed ;  weekly 
payment  of  wages;  and  sundry'  other  matters; 
the  granting  of  licenses  to  make,  alter,  repair  or 
finish  coats,  vests,  trousers  or  wearing  apparel 
of  any  description  in  a  room  or  apartment  in  a 
tenement  or  dwelling  house;  the  examination  of 
engineers  and  firemen  and  the  inspection  of 
boilers,  granting  of  licenses  and  steam  power  to 
be  used.  Women  are  protected  by  law  from 
overwork  by  their  employers  and  children  are 
excluded  from  factories  until  of  proper  age  and 
Massachusetts  has  been  from  the  first,  and  con- 
tinues to  be,  in  the  advance  in  factory  inspec- 
tion and  under  this  system  her  industrial  estab- 
lishments have  become  models  for  all  the  other 
States.  It  is  a  marked  illustration  of  what  such 
a  law  accomplishes  for  a  community. 

The  New  York  State  Department  of  Labor 
has  a  Bureau  of  Factory  Inspection  and  sends 
out  a  large  force  of  inspectors  to  see  that  the 
laws  for  the  protection  of  employees  are  en- 
forced. 

International  Association  of  Factory  In- 
spection.—The  International  Association  of 
Factory  Inspection  was  organized  at  Philadel- 
phia in  1886  and  includes  Canada  and  the  States 
of  Massachusetts,  New  York,  New  Jersey, 
Pennsylvania,  Rhode  Island,  Connecticut, 
Maine,  Michigan,  Ohio,  Minnesota,  Illinois, 
Wisconsin,  Missouri  and  Indiana.  Each  of 
these  several  States  holds  an  annual  convention 
of  its  inspectors,  who  meet  to  compare  notes 
of  their  work  for  the  year  and  as  their  pro- 
ceedings are  made  public,  each  State  may  know 
the  advancement  the  other  is  making  in  its 
labor  laws. 

In  1876  an  act  was  passed  in  Massachusetts 
prohibiting  the  employment  of  children  under 
10  years  of  age.  In  1883  the  limit  was  extended 
by  providing  that  no  child  under  12  years  of 
age  should  be  employed  during  the  hours  in 
which  the  public  schools  were  in  session.  In 
1898  the  limit  was  raised  to  14  years,  pro- 
viding that  no  child  under  14  years  of  age  can 
be  employed  at  any  time  in  a  factory,  workshop 
or  mercantile  establishment  and  no  child  under 
16  years  of  age  can  be  employed  in  a  factory, 
workshop  or  mercantile  establishment  unless 
the  employer  procures  and  keeps  on  file  a  cer- 
tificate and  posts  near  the  principal  entrance  a 
list  of  all  such  children  employed.  States  that 
have  adopted  the  factory  inspection  system  have 
similar  child  labor  laws,  differing  as  to  their 
age,  to  the  age  limit  when  they  can  be  employed. 

The  Fifty-Eight-Hour-Law.— In  the  State 
of  Massachusetts  children  under  18  years  and 
women  cannot  be  legally  employed  more  than  58 
hours  in  a  week  in  a  factory,  workshop  or  mer- 
cantile establishment  and  even.*  employer  must 
post  in  a  conspicuous  place  the  number  of  work- 
ing hours  each  day  of  the  week,  the  hours  al- 
lowed for  meals,  the  hours  when  starting  and 
stopping  work  and  it  becomes  a  part  of  the  in- 
spector's business  to  sec  that  this  is  faithfully 
complied  with.  This  has  been  the  law  of  the 
State  since  1894.  Other  States  have  enacted 
similar  legislation. 

In  1912  the  United  States  Congress  estab- 
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lished  a  Commission  on  Industrial  Relations  to 
look  into  conditions  in  the  principal  industries 
of  the  country  and  to  report  upon  all  the  prob- 
lems growing  out  of  the  factory  system.  There 
is  also  a  United  S totes  Bureau  of  Labor  Sta- 
tistics and.  in  1916.  40  of  the  States  maintained 
labor  bureaus,  many  of  which  pattern  their 
work  after  the  Massachusetts  Board  of  Labor 
and  Industries.  Eight-hour  laws  now  exist  in 
nearly  all  the  States,  providing  for  a  limit  of 
eight  hours  in  work  for  State  and  in  sonu  oc- 
cupations, as  mining. 

Sanitary  Provisions  in  Factories  and 
Workshops.— The  laws  of  most  States  now 
provide  the  most  rigid  sanitary  regulations  in 
the  interest  of  comfort,  decency  and  health. 
These  relate  to  factories,  workshops,  mercan- 
tile establishments,  offices,  schoolhouses  and 
public  buildings.  It  is  required  that  these 
buildings  shall  be  kept  free  from  all  effluvia 
arising  from  drains  and  that  they  shall  have  a 
proper  number  of  water-closets  provided  for 
persons  of  each  sex.  It  is  also  provided  that 
during  working  hours  these  buildings  shall  be 
ventilated,  that  the  air  may  not  become  inju- 
rious to  the  health  of  the  persons  employed 
therein.  It  also  provides  that  all  dust  from  the 
grinding  or  polishing  of  metals  be  carried  away 
through  suction  pipes. 

The  Inspection  of  Boilers  and  Engineers' 
Licenses. —  The  Massachusetts  law  which  has 
been  copied  in  many  States  provides  that  "It 
shall  be  unlawful  for  any  person  to  have  charge 
of,  or  to  operate  a  steam-boiler  or  engine,  ex- 
cept boilers  and  engines  of  locomotive  motor- 
road  vehicles,  boilers  in  private  residences,  in 
apartment  houses  of  less  than  five  flats,  boilers 
under  the  jurisdiction  of  the  United  States, 
boilers  used  for  agricultural  purposes  exclu- 
sively, boilers  of  less  than  eight  horsepower 
and  boilers  used  for  heating  purposes,  limiting 
the  pressure  to  15  pounds  to  the  square  inch, 
other  than  these  boilers  above  excepted;  the 
person  in  charge  must  hold  a  license  granted 
after  a  thorough  examination  by  the  inspectors 
appointed  for  this  duty,  who  are  expert  engi- 
neers." 

The  Sweatshop  System.— With  the  intro- 
duction of  the  sweating  system  in  the  United 
States  came  a  revolution  in  the  clothing  •indus- 
try which  has  left  in  its  wake  destruction  and 
poverty;  for  prior  to  the  introduction  of  this 
system  there  was  not,  as  a  class,  a  better-paid 
people  than  those  engaged  in  the  ready-made 
clothing  trade.  Looking  backward  only  a  few 
years  we  have  the  recollecton  of  a  movement  in 
sympathy  with  a  people  who  were  being  driven 
from  Russia  and  other  European  countries.  The 
first  duty  upon  arrival  was  to  procure  means  to 
provide  food  and  shelter  for  themselves  and 
families,  and,  being  without  funds,  the  task  be- 
came a  very  complicated  one.  The  inducement 
to  learn  a  good  trade  was  freely  offered  them, 
provided  thev  would  work  cheap  enough  to  war- 
rant a  sufficient  return  for  the  knowledge  be- 
stowed upon  them.  The  custom  in  vogue  was 
that  the  apprentice  should  give  from  one  to 
three  months  at  very  small  pay,  giving  from  12 
to  16  hours  as  a  day's  work.  The  profit  to 
contractors  employing  this  class  of  help  was, 
of  course,  enormous.  The  immense  amount  of 
available  labor,  of  this  class,  has  been  di- 
verted to  a  new  method  of  employment 
which    is    called    the    task    system,  and 


to    which    the    term  "sweating"  system  was 
aptly  applied.    The  sweating  system,  if  con- 
ducted in  workshops  located  in  buildings  de- 
voted exclusively  to  manufacturing  purposes, 
would  never  have  obtained  its  present  promi- 
nence in  the  public  mind;  but  the  competition 
between  the  employers  of  labor  under  this  sys- 
tem resulted  in  a  complete  revision  of  condi- 
tions; cheaper  shops  were  secured;  large  quan- 
tities of  work  per  day  were  imposed  upon  the 
employed,  until  finally  the  tenement  of  the  con- 
tractor was  made  to  answer  the  double  purpose 
of  home  and  shop.   The  crowded  condition  of 
these  tenements,  hardly  sufficiently  large  for  the 
accommodation  of  the  family,  was  increased  by 
the  addition  of  the  help  to  be  employed.  All 
traces  of  home  privacy  were  obliterated,  sani- 
tary conditions  became  unmentionable,  filth  and 
disease  abounded  and  the  health  of  the  public 
became  endangered.     When  these  conditions 
were  made  plain  to  the  people,  fear  overcame 
them  and  appeals  to  the  State  legislature  for 
the  prevention  of  this  system  of  manufacture 
were  made.    These  appeals  led  to  the  enact- 
ment of  laws  tending  to  restrict  the  manufac- 
ture of  clothing  in  tenement-houses.   The  first 
law  enacted,  like  most  which  tend  to  elevate  the 
conditions  of  those  who  are  obliged  to  labor  for 
their  living,  emanated  from  the  legislature  of 
Massachusetts.    This  law  provided  that  any 
bouse,  room  or  place,  used  as  a  dwelling  and 
also  used  for  the  purpose  of  manufacturing, 
should,  within  the  meaning  of  the  law,  be 
deemed  a  workshop.    The  law  defines  a  work- 
shop as  meaning  any  premises,  room  or  place 
wherein  manual  labor  is  exercised  by  way  of 
trade,  or  for  purposes  of  gain,  but  the  exercise 
of  such  labor  in  a  private  house  by  the  family, 
if  a  majority  of  the  persons  therein  employed 
are  members  of  such  family,  shall  not  consti- 
tute a  workshop.  The  law  also  contained  a  pro- 
vision which  was  intended  to  prevent  the  im- 
portation into  the  State  of  garments  which  had 
been  made  under  unhealthful  conditions  and 
this  was  enforced  until  similar  laws  were  en- 
acted in  other  States,  particularly  in  the  State 
of  New  York,  from  which  the  majority  of  this 
class  of  clothing  was  produced.   The  law  also 
provides  that  any  family  desiring  to  do  the  work 
of  making,  repairing  or  finishing  any  coats, 
vests,  trousers  or  wearing  apparel  of  any  de- 
scription, in  any  room  or  apartment,  in  any  tene- 
ment or  dwelling  house,  shall  first  procure  a 
license,  approved  by  the  chief  of  the  inspection 
department.   Every  room  or  apartment  in  which 
any  garments  are  made  shall  be  subject  to  the 
inspection  and  examination  of  the  inspectors, 
for  the  purpose  of  ascertaining  whether  the 
rooms  or  apartments  are  clean  and  free  from 
any  contagious  nature.    If  the  inspector  finds 
evidence  of  infectious  disease  present  he  shall 
report  to  the  local  board  of  health. 

The  la*rs  of  many  States  require  that  no 
building  which  is  designed  to  be  used  above  the 
second  story  as  a  factory,  or  workshop,  or  mer- 
cantile or  other  establishment  and  has  accom- 
modations for  10  or  more  above  the  second 
story,  and  no  building  more  than  two  stories  in 
height,  shall  be  erected  until  a  cony  of  the  plans 
thereof  has  been  deposited  with  the  inspectors. 
Such  buildings  shall  not  be  erected  without  suf- 
ficient egress  or  other  means  of  escape  from 
fire,  properly  located  and  constructed.  Such 
inspector  may  require  that  proper  appliances 
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shall  be  provided  in  the  floors,  walls  and 
titions  of  such  buildings  to  prevent  the 
of  fire. 

FACTORY  ACTS.  See  Child-labor; 
Labor  Legislation. 

FACTORY    CONSTRUCTION.  See 

Building  Laws. 

FACTORY  MANAGEMENT.  There 
arc  two  accepted  uses  of  the  word  "factory,* 
the  meaning  in  any  given  case  depending  largely 
on  the  context,  and  the  term  "Factory  manage- 
ment" similarly  partakes  of  this  usage.  As 
commonly  used  the  term  "factory*  is  under- 
stood to  mean  a  group  of  elements  made  up  of 
land  and  buildings,  capital  and  credit,  equip- 
ment and  men,  comprising  what  is  known  as 
the  modern  factory  or  establishment  for  the 
conversion  of  raw  materials  into  goods  for 
sale.  Factory  management  in  this  sense  is, 
therefore,  the  organizing  and  directing  of  men 
and  materials  for  the  production  of  goods 
through  the  medium  of  the  factory. 

The  broader  use  of  the  term,  however,  in- 
cludes any  group  of  non-self-directing  em- 
ployees under  the  control  of  their  employer, 
and  it  is  so  used  particularly  in  reference  to 
the  series  of  problems  arising  wherever  condi- 
tions of  grouped  labor  obtain  — in  the  rail- 
road gang,  the  army,  the  construction  crew — 
conditions  reaching  their  climax  in  what  we  are 
familiar  with  as  the  modern  factory.  We  may, 
therefore,  encounter  factory  conditions  and 
factory  problems  in  fighting  forest  fires,  for 
instance,  though  in  no  sense  would  a  group 
of  fire  fighters  be  termed  a  factory.  But  it  is 
just  this  broader  use  of  the  term  which  must 
not  be  overlooked,  for  it  implies  considera- 
tions of  peculiarly  far-reaching  importance  to 
the  factory  manager  of  to-day.  For  under 
present  day  factory  conditions  we  encounter  a 
complexity  of  relations  and  problems  undreamed 
of  a  few  years  ago,  and  in  order  that  the  aims, 
and  the  ends,  and  the  methods  of  modern  in- 
dustrial or  factory  management  may  be  the 
more  readily  appreciated,  it  is  necessary  first 
to  consider  some  of  the  fundamental  problems 
which  must  be  faced  by  those  engaged  in  in- 
dustry to-day.  The  massing  of  workers,  the 
specialization  of  processes  and  the  minute  sub- 
division of  labor,  the  economic  dependence  of 
the  employee  on  the  employer,  the  aggregation 
of  capital  and  plant,  and  the  keen  competition 
in  a  world  market  — all  conditions  brought  on 
directly  by  the  industrial  revolution  and  its 
succeeding  developments  —  and  finally  with 
the  more  general  dissemination  of  education 
among  the  workers  themselves  the  growing  in- 
sistence that  labor  have  an  increased  participa- 
tion in  the  operation  and  fruits  of  industry  — 
the  problems  presented  through  these  factors 
are  all  distinctly  modern  problems  requiring 
distinctly  modern  methods  of  attack?  ana  solu- 
tion. Some  of  the  broader  aspects  of  each  of 
these  factors  will  be  briefly  discussed. 

The  Massing  of  Workers.—  The  very  act 
of  bringing  together  a  large  number  of  em- 
ployees brings  with  it  entirely  new  problems. 
With  a  group  of  half  a  dozen  workers  we  en- 
counter certain  problems;  multiply  this  number 
by  hundreds  or  even  thousands,  and  our  prob- 
lems immeasurably  increase  not  only  in  degree 
but  also  in  kind.  With  any  aggregation  of 
persons  for  any  purpose  we  encounter  the  psy- 


chology of  the  crowd  —  the  something  within 
us  which  arises  when  wc  become  one  of  a  throng 
and  which  may,  upon  provocation,  develop  into 
the  spirit  of  the  mob.  In  the  case  of  industry, 
however,  to  these  psychological  considerations 
must  be  added  a  third:  the  non-seif-dirccting 
character  of  the  groups  of  workers,  imposing 
as  this  docs  the  oftentimes  tremendous  burden 
of  the  mere  physical  handling  and  direction 
of  our  force.  Taken  together,  these  factors 
underlie  many  of  the  extremely  delicate  and 
far-reaching  problems  of  organization  and  of 
management  which  the  factory  manager  of  to- 
day must  face.  What  are  to  be  the  relations 
of  the  gTOup  as  a  whole  to  each  individual,  to 
each  superior  and  to  the  firm  as  an  individual  ? 
What  form  of  organization,  how  administered, 
will  best  serve  the  true  interests  of  each  of 
these  bodies —employer  and  employed?  The 
simple  organization  of  the  small  one-man  busi- 
ness will  no  longer  suffice.  How,  in  the  more 
complex  organization,  can  there  be  main- 
tained the  desirable  personal  contact,  free- 
dom of  action  and  play  of  individual  initia- 
tive, together  with  the  submission  to  author- 
ity necessary  wherever  men  are  grouped  to- 
gether for  profitable  production?  These  and 
scores  of  similar  questions  of  organization  and 
of  management  present  themselves  for  solution 
the  moment  we  bring  together  large  numbers 
of  individuals  for  any  industrial  purpose. 

The  Specialization  of  Processes. —  It  is 
sometimes  said  that  the  minute  subdivision  of 
labor  resulting  from  advanced  specialization  of 
processes  is  all  wrong,  and  that  we  should 
return  more  nearly  to  handicraft  work.  To 
what  extent  is  this  claim  well  founded,  and 
how,  if  at  all,  do  the  interests  of  the  individual 
and  of  society  at  large  and  in  the  long  run 
conflict  in  any  solution  which  may  be  evolved? 
On  the  one  hand,  through  the  expertness  which 
results  with  specialization  of  labor,  and 
through  the  increased  use  of  machinery,  goods 
are  more  cheaply  produced.  Sooner  or 
later  the  selling  price  must  thereupon 
be  lowered,  resulting  in  turn  in  an  increased 
demand  for  the  product.  This  increased  de- 
mand must  be  supplied  by  additional  labor, 
which  reacts  beneficially  on  the  worker  either 
through  more  constant  employment  at  the  same 
wages  or  through  the  same  amount  of  employ- 
ment at  higher  wages.  Society  at  large  of 
course  also  benefits.  On  the  other  hand,  in 
certain  industries  and  for  comparatively  short 
periods  of  time  the  individual  workers,  upon 
the  sudden  introduction  of  labor-saving  ma- 
chinery, have  suffered  through  being  thrown  out 
of  employment  and  through  being  unable  to 
secure  new  work  or  work  to  which  they  could 
adapt  themselves.  Here  society  at  large  and  in 
the  long  run  benefits  at  the  expense  of  the 
individual.  It  may  at  least  be  fairly  said  that 
there  are  elements  both  of  strength  and  of 
weakness  in  the  modern  faciory  system  of  pro- 
duction, and  if  so,  how  are  we  to  preserve  the 
strong  points  and  at  the  same  time  eliminate  the 
dangers  of  this  method?  Is  it,  or  is  it  not,  a 
fact  that  there  is  and  of  necessity  must  be 
monotony  in  industry?  That  there  is  in  many 
cases  seems  indisputable,  but  how  about  the 
necessity  of  it — are  not  ways  being  found,  and 
may  there  not  be  other  ways  found  to  alleviate 
and  in  cases  to  eliminate  monotony,  secure  the 
advantages  of  high  specialization  of  labor,  and 
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at  the  same  time  retain  free  scope  for  indi- 
viduality and  personal  initiative?  Such  meas- 
ures as  the  interchange  of  work  and  workers, 
the  establishment  of  definite  and  proper  tasks 
of  short  duration  and  the  payment  ot  a  bonus 
for  accomplishment  of  each,  allowing  and  ex- 
pecting on  the  part  of  each  operative  a  more 
detailed  knowledge  of  each  step  in  the  processes 
in  which  he  is  engaged,  the  various  industrial 
partnership  and  profit  sharing  plans,  the  sug- 
gestion box  and  welfare  work  —  such  measures 
and  many  others  may  play  their  part  here.  These 
considerations,  together  with  the  very  recently 
widespread  extension  of  fatigue  studies,  form 
a  comparatively  open  field  in  the  realm  of 
industry. 

The  Economic  Dependence  of  the  Em- 
ployee.—  Grave  social  problems  arise  through 
the  economic  dependence  of  the  employee  on 
his  employer.  Previous  to  the  industrial  revo- 
lution the  apprentice  or  journeyman  who  had 
saved  up  a  few  dollars  or  who,  in  absence  of 
these,  had  attached  to  himself  a  few  regular 
customers,  could  withdraw  from  his  employer 
and  set  up  in  business  for  himself.  With  the 
introduction  of  machinery  and  its  accompany- 
ing demands,  however,  all  this  was  changed; 
he  could  then  no  longer  work  for  himself  at 
his  option  because  he  lacked  the  necessary 
capital  or  the  knowledge  of  the  proper  handling 
of  capital,  or  the  knowledge  of  all  technical 
processes  involved,  with  which  to  start  his  busi- 
ness, and  he  must  perforce  join  the  masses  of 
hired  workers  dependent  on  the  capitalistic  en- 
trepreneur. This  change  brought  with  it  actual  or 
implied  obligations  on  the  part  of  the  em- 
ployer, with  corresponding  obligations  on  the 
part  of  the  employee.  Foremost  among  the 
former  was  the  social  obligation  of  paying  at 
least  a  living  wage  —  unfortunately  not  always 
translated  into  action.  Regularity  of  employ- 
ment was  another  obligation.  Proper  working 
hours  comprised  an  obligation  notoriously  over- 
looked until  recently.  The  obligation  of  the 
worker  as  well  as  of  the  employer  in  regard 
to  the  determination  of  a  proper  day's  work 
and  a  proper  day's  pay  is  constantly  claiming 
the  attenUon  of  the  industrial  world.  Then 
how  far  beyond  the  providing  of  the  bare 
necessities  of  life  docs  the  employer's  duty 
extend?  The  attempt  to  answer  this  question 
plunges  us  at  once  almost  hopelessly  into  the 
realms  of  reasonable  costs  and  justifiable 
profits,  of  relative  abilities  and  commensurate  re- 
wards, of  standards  of  living  and  opportunities 
for  advancement  The  paying  of  at  least  a 
living  wage,  however,  the  maintenance  of 
proper  working  conditions,  accident  insurance 
and  the  prevention  of  accidents  and  the  pro- 
vision for  open  channels  for  advancement  — 
all  these  and  many  other  duties  which  the 
employee  can  little  effect,  devolve  as  social  obli- 
gations upon  the  management  rather  than  upon 
the  men,  due  simply  to  the  relative  economic 
positions  of  the  two.  It  is  correspondingly  in- 
cumbent upon  the  employee  to  give  his  em- 
ployer honest  and  whole-hearted  co-operation 
and  similarly  to  refrain  from  using  unjustly  to 
the  detriment  of  the  management  any  power 
he  may  possess  or  obtain  through  collective 
action. 

The  Aggregation  of  Capital  and  Plant.— 

So  much  for  some  of  the  broader  aspects  of 
some  modern  industrial  problems  viewed  par- 


ticularly from  the  standpoint  of  the  employee. 
No  less  vital  questions  arise  in  the  case  of  the 
employer.  The  very  increase  in  size  of  plant 
and  consequently  in  amount  of  capital  involved, 
bring  forth  organization  and  managerial  prob- 
lems and  policies  only  distinctly  related  to  any 
questions  of  human  relations.  The  mere  act  of 
keeping  the  wheels  in  motion  smoothly  re- 
quires organization  and  system  to  a  degree  un- 
known previous  to  the  development  of  modern 
methods  of  production.  Add  to  this  the  keen, 
worldwide  competition,  involving  as  this  does  the 
necessity  of  operating  at  a  high  efficiency  in 
order  to  be  able  to  survive  in  industry  at  all, 
and  it  must  necessarily  follow  that  these  com- 
plex modern  requirements  of  production  must 
be  met  by  complex  modern  methods  of  manage- 
ment. Where  shall  my  plant  be  erected  and 
how  shall  it  be  laid  out;  what  is  the  minimum 
amount  of  equipment  and  labor  necessary ;  how 
shall  my  business  be  organized  and  admin- 
istered; what  system  of  controlling  each  of  the 
innumerable  plant  activities  shall  I  use?  Am 
I  producing  more  cheaply  than  my  competitors 
but  losing  money  on  the  whole  because  my 
methods  of  buying  or  selling  are  archaic? 
What  means  of  increasing  production  or  de- 
creasing costs  with  a  given  amount  of  labor 
and  equipment  may  I  take,  and  what  arc  the 
interacting  effects  of  these  methods  upon  the 
larger  questions  suggested;  how  shall  I  deal 
with  my  employees,  both  individually  and 
collectively,  in  order  to  attain  the  industrial 
ends  of  economical  production,  sale  at  a  profit 
and  growth  to  the  point  of  diminishing  returns 
with  maximum  prosperity  for  employer  and 
employed?  From  among  the  scores  of  dif- 
ferent ways  in  which  each  of  these  problems 
may  be  answered,  how,  for  my  particular  case, 
am  I  to  know  and  to  utilize  the  one  best  way? 
It  is  upon  this  phase  of  the  broader  industrial 
problems  —  the  technique  of  production  and 
distribution  —  that  a  large  part  of  the  more 
recent  literature  on  the  so-called  "efficiency 
movement1"  has  been  written.  It  is  significant 
that  Frederick  W.  Taylor,  the  pioneer  and 
father  of  scientific  management,  never  allowed 
simple  efficiency  in  production  to  become  with 
him  an  end  in  itself,  but  insisted  both  in  his 
work  and  in  his  writings  on  adherence  to  the 
fundamental  principles  embodying  the  economic 
welfare  of  all  persons  concerned. 

Democracy  in  Industry.— And  finally,  what 
is  to  be  my  attitude,  be  I  manager  or  workman, 
in  regard  to  democracy  in  industry  and  the 
distribution  of  the  profits  and  losses  arising 
through  my  participation?  The  maxim  of  a 
well-known  railway  magnate  who,  several 
years  ago,  gave  expression  to  the  sentiment 
"The  public  be  damned*  has  been  found  to  be 
no  less  an  inadmissible  working  formula  in  in- 
dustry than  in  railroading,  perhaps  much  to  the 
chagrin  of  several  "captains  of  industry*  who 
were  wont  to  substitute  "workman"  in  place 
of  "public*  Granted  that  we  believe  that  a  de- 
gree of  democracy  in  industry  is  to  be  de- 
sired, there  yet  remains  the  delicate  problem  of 
balance  as  between  the  ideal  and  the  exact 
degree  which  our  particular  concern,  under  our 
particular  conditions  at  any  given  time,  can 
justifiably  affect  Many  a  concern  has  faced 
the  bankruptcy  court  through  a  maladjustment, 
either  one  way  or  the  other,  of  this  balance. 
Such  questions,  together  with  those  of  the 
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division  of  profits,  require  for  their  proper 
solution  the  best  informed  and  broadest  minded 
men  of  the  age,  but  most  of  all  they  require 
the  close  ana  active  co-operation  of  both  par- 
ties—  capital  and  labor.  Such  are  some  of  the 
questions  presented  to  the  modern  factory  man- 
ager. They  are  all  more  or  less  interrelated  and 
no  one  of  them  can  be  properly  viewed  except 
in  connection  with  the  others.  Collectively,  all 
these  questions  form  a  background  necessary 
to  the  adequate  solution  of  any  one  of  them. 
Each  one,  furthermore,  is  a  lite  study  and  in 
the  present  discussion  it  is  manifestly  out  of 
the  question  to  attempt  to  cover  the  ground  in 
any  but  a  very  broad  survey.  And  in  what 
follows  in  regard  to  the  technique  of  factory 
management,  a  proper  perspective  must  be 
maintained  by  keeping  constantly  in  mind  the 
broad  social  questions  which  must  form  the 
true  background  for  a  proper  solution  of  these 
more  tangible  factors  which  arise  for  consider- 
ation in  the  evcry-day  work  of  the  executive. 

Going  back  to  our  original  definition  we  see 
that  factory  management  as  ordinarily  consid- 
ered deals,  broadly,  with  land  and  buildings, 
capital  and  credit,  equipment  and  men  —  that  it 
is  the  organizing  and  directing  of  these  elements 
in  an  establishment  adapted  to  attain  the  ends 
of  economical  production,  sale  at  a  profit,  and 
growth  at  least  to  the  point  where  the  effect  of 
diminishing  returns  counterbalances  the  possible 
advantages  of  further  expansion.  The  art  of 
organizing  and  directing  these  elements  of  pro- 
duction, selling  and  finance,  with  all  that  this 
implies,  constitutes  the  field  of  modern  factory 
management. 

Organization  at  once  becomes  the  keystone 
upon  which  must  be  reared  the  whole  structure 
which  is  to  mold,  guide  and  direct  the  activi- 
ties of  the  business.  Organization  as  such  must 
be  distinguished  from  the  personnel  which,  at 
any  given  time,  is  entrusted  with  the  task  of 
making  effective  the  policies  and  principles 
under  which  we  arc  to  operate.  Although  per- 
sonality enters  into  and  distinctly  affects  the 
minutia?  of  organization,  organization  must,  to 
be  permanently  effective,  be  independent  of  the 
personality  of  any  one  man  or  group  of  men. 
The  form  of  organization  under  which  we  are 
to  operate  must  be  determined  only  after  a 
careful  analysis  of  first :  the  problems  which  we 
encounter;  second:  the  conditions  under  which 
we  must  solve  these  problems;  and  to  a  less  ex- 
tent third:  the  character  of  the  personnel  avail- 
able; and  as  the  conditions  vary,  so  must  the 
solution  (organization)  vary.  A  study  of  the 
evolution  of  organization  not  only  reveals  most 
interesting  ramifications,  but  also  may  furnish 
invaluable  instruction  to  one  entrusted  with  the 
delicate  task  of  molding  the  form  of  organi- 
zation best  adapted  to  any  given  enterprise 
The  subject  may  profitably  be  viewed  from  two 
standpoints :  organization  in  war,  and  organiza- 
tion in  industry.  If  we  go  back  to  primitive 
times  we  find  comparatively  small  hordes  of 
savages  making  war  upon  the  neighboring 
tribes.  The  conditions  under  which  they 
operated  were  simple:  small  numbers  of  war- 
riors, individual  bodily  encounter  with  primi- 
tive weapons  only,  a  comparatively  small  terri- 
tory covered  on  foot  or  on  horse  and  hence  an 
absence  of  the  problems  of  engineering  and 
transportation,  maintenance  largely  individual  by 
pillage,  little  or  no  division  of  labor,  few  ad- 


ministrative or  technical  details,  few  problems 
of  correlation,  complete  mobility.  The  prob- 
lems were  those  of  secrecy,  surprise,  control  — 
swift,  absolute  control  in  everything.  The  so- 
lution was  correspondingly  simple:  one-man 
control  by  the  best,  often  the  physically  strong- 
est, warrior.  As  is  true  generally  in  warfare, 
delay  in  execution  becomes  often  more  fatal 
than  mistakes  in  details  due  to  unbalanced  judg- 
ment. We  thus  get  a  pure  "line*  form  of  or- 
ganization—  orders  and  directions  being  passed 
down  directly  from  the  leader  to  his  warriors, 
each  of  whom  performed  all  functions  pertain- 
ing to  the  work.  Up  until  the  extensive  use  of 
gunpowder  in  warfare  the  problems  and  the 
conditions  under  which  they  had  to  be  solved 
differed  comparatively  little  from  those  thereto- 
fore encountered.  We  find  the  solution  to 
minor  changes  to  consist  of  minor  extensions 
and  developments  of  the  previous  form  of  or- 
ganization —  a  delegation  of  supervisory  powers 
to  lieutenants  immediately  over  the  men,  re- 
porting directly  to  the  one  superior,  who  is  thus 
somewhat  relieved  of  the  minute  details  of 
execution.  With  the  development  of  modern 
warfare  of  course  all  this  was  changed.  It  was 
then  no  longer  mentally  or  physically  possible 
for  the  one  strong  man  to  maintain  the  personal 
touch  and  exercise  the  close  supervision  of  all 
details  of  the  operations,  although  it  was  still 
necessary  for  him  to  keep  final  control  and  au- 
thority absolutely  to  himself.  This  in  turn 
made  necessary  an  augmented  means  of  solu- 
tion, and  as  a  result  we  find  the  development 
of  the  staff  —  a  cardinal  principle  of  military 
organization  to-dav.  Here  we  have  a  group  of 
expert  officers  under  the  chief  of  staff,  report- 
ing to  the  officer  in  command  upon  the  in- 
numerable specialized  and  technical  questions 
encountered  in  modern  warfare,  the  com- 
mander thereafter  taking  such  action  upon 
their  recommendations  as  he  sees  fit  and  pass- 
ing his  orders  down  through  the  now  numerous 
officers  of  the  line  until  they  finally  reach  the 
man  in  the  ranks. 

In  industry  on  the  other  hand,  previous  to 
the  industrial  revolution  (if  we  except  such 
works  as  the  building  of  the  pyramids  and  of 
the  cathedrals  and  similar  construction  proj- 
ects) we  find  no  grouped  labor.  Passing  through 
the  successive  stages  of  industrial  development 
as  described  by  Bucher,  of  housework,  wage 
work,  handicraft  and  commission  work,  and 
up  until  the  development  of  the  factory  sys- 
tem, we  find  production  carried  on  entirely  by- 
individuals  or  small  groups  of  home-workers. 
The  problems  of  control  —  as  expressed  in 
organization  —  therefore  were  extremely  sim- 
ple and  in  many  cases  non-existent,  seldom 
necessitating  more  than  a  one-man  organization 
and  perhaps  entirely  naturally  the  organization 
of  the  army  served  as  the  model  and  was 
literally  copied  by  those  engaged  in  industry. 

With  the  rise  of  the  factory  system  of  pro- 
duction, however,  conditions  were  revolu- 
tionized. Then  arose  the  intricate  questions  of 
human  relations  and  material  management  out- 
lined in  the  opening  paragraphs.  The  problems 
encountered  were  far  different  from  those  of 
warfare,  not  the  least  significant  of  which  was 
the  substitution  in  industry  of  duty  and  the 
good  of  the  individual,  for  the  idea  of  force 
and  the  good  of  the  state  which  forms  the 
background  of  military  discipline  and  control. 
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It  is,  however,  perhaps  not  strange  that  the 
traditional  forms  of  organization  of  the  army 
should  have  still  been  embodied  wholesale  in 
the  activities  of  industry,  where  they  remained 
firmly  entrenched  until  comparatively  recently. 
It  was  not  until  near  the  last  of  the  past  cen- 
tury that  these  fundamental  differences  as  be- 
tween military  and  industrial  aims  and  methods 
became  consciously  recognized  and  embodied  in 
the  various  forms  of  industrial  organization 
which  are  offered  to-day  as  more  nearly  ap- 
plicable to  industrial  needs.  In  closing  the 
discussion  of  organization,  bare  mention  may 
be  made  of  these  modern  tendencies  and  fur- 
ther details  must  be  sought  in  the  numerous 
writings  on  the  subject  One  of  the  earlier 
forms  was  the  committee  system.  This  exists 
in  two  forms  —  the  committee  with  power  to 
enforce  its  decisions  and  the  committee  with 
advisory  duties  only.  In  the  latter  case  the 
organization  retains  most  of  the  disadvantages 
of  the  staff,  with  few  compensating  advantages. 
Both  forms  are  found  to  a  limited  extent  in 
industry  to-day.  The  departmental  and  the 
divisional  forms  differ  somewhat  in  operation, 
but  are  little  more  than  the  extension  of  the 
principle  of  division  of  labor.  None  of  these 
forms  of  organization  necessarily  differs  in 
principle  or  operation  from  the  regular  line 
form  of  the  military.  A  fundamental  depar- 
ture from  the  military,  however,  is  found  in 
the  modern  functional  organization  devised 
by  Mr.  Taylor  in  connection  with  the  develop- 
ment of  scientific  management.  Here  the  staff 
idea  is  utilized,  but  with  this  fundamental  dif- 
ference: in  the  staff  the  individual  expert  per- 
forms an  advisory  function  only,  while  in  the 
Taylor  functional  these  same  experts  arc  given 
administrative  authority  to  embody  the  results 
of  their  knowledge  in  orders  issued  direct  to 
men  under  them  as  regards  their  particular 
sphere  of  action.  Under  conditions  where  this 
form  of  organization  is  necessary  and  applicable, 
surprising  results  arc  secured. 

So  much  for  the  various  forms  of  organiza- 
tion from  which  the  factory  manager  must 
choose  that  best  adapted  to  his  particular  cir- 
cumstances. Of  the  other  broad  division  of 
factory  management  as  an  art  —  the  directing, 
the  management  of  personnel  and  material  — 
little  need  be  said.  Sufficient  outline  of  the 
various  factors  to  be  considered  has  been  sug- 
gested to  give  an  insight  into  the  nature  of 
the  problems  involved.  The  problems  of 
finance,  of  division  of  duties,  of  delegation  of 
authority  and  responsibility,  of  purchasing,  of 
storage  of  materials,  of  planning,  of  shop  ad- 
ministration, of  cost,  of  central  control  of  all 
of  these  and  the  innumerable  other  necessary 
activities  of  the  modern  factory  —  all  such 
questions  arise  in  never-ending  variety  in  the 
management  of  the  plant  —  problems  nowise 
different  intrinsically  from  those  of  organiza- 
tion previously  discussed,  and  problems  re- 
quiring for  their  proper  solution  the  same  care- 
ful analysis  and  the  same  adherence  to  fun- 
damental principles  of  proved  soundness  and 
practicability.  See  Factory  System  ;  Labor 
Legislation;  Scientific  Management. 

Henry  H.  Farquhar, 

Consultant  in  Industrial  Management  and  In- 
structor in  the  Harvard  Business  School. 
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FACTORY  SYSTEM,  The.  Definition. 

—  The  word  factory  seems  to  have  been  first 
used  in  its  modern  sense  about  1792.  Previous 
to  this  time  a  factor  had  been  an  agent,  and  all 
compound  derivatives  of  this  word  had  carried 
with  them  the  idea  of  agentship.  But  with 
the  new  system  of  industry  introduced  by  the 
Industrial  Revolution  (q.v.)  the  term  seems  to 
have  been  used  as  an  abbreviation  of  manu- 
factory, and  in  the  first  factory  act  in  England 
in  1802  was  used  interchangeably  with  mills  to 
designate  cotton  manufacturing  establishments. 
To-day  the  term  factory  covers  any  establish- 
ment, with  its  buildings  and  equipment,  used 
for  the  manufacture  of  goods.  The  legal  defini- 
tion varies  widely  in  different  States,  but  is 
usually  based  upon  the  number  of  workers ; 
thus  an  extreme  definition  of  factory  is  "any 
place  where  two  or  more  persons  are  engaged 
in  working  for  hire  or  reward  in  any  handi- 
craft." As  a  description  this  is  a  poor  defini- 
tion, for  it  leaves  out  of  account  the  essential 
characteristics  of  the  system.  Better  is  C.  D. 
Wright's  definition,  tfa  factory  is  an  establish- 
ment where  several  workmen  are  collected  for 
the  purpose  of  obtaining  greater  and  cheaper 
conveniences  for  labor  than  they  could  procure 
individually  at  their  houses;  for  producing  re- 
sults by  their  combined  efforts  which  they 
could  not  accomplish  separately;  and  for  pre- 
venting the  loss  occasioned  by  carrying  articles 
from  place  to  place  during  the  several  processes 
necessary  to  complete  their  manufacture." 

Not  merely  has  the  definition  of  the  term 
broadened,  but  the  scope  of  the  factory  sys- 
tem has  widened  also.  Applied  originally  only* 
to  the  textile  industry,  it  has  gradually  been 
extended  to  other  branches  of  manufacturing, 
until  to-day  it  dominates  the  manufacture  of 
agricultural  implements,  automobiles,  boots  and 
shoes,  carriages  and  wagons,  clothing,  fire-arms, 
metallic  goods  of  all  sorts,  musical  instru- 
ments, rubber  goods,  slaughtering  and  meat 
packing,  wooden  goods,  watches,  etc.  Most  of 
the  people  employed  in  the  mechanical  indus- 
tries of  this  country  to-day  are  working  under 
the  factory  system.  Indeed  the  principles  which 
govern  the  factory  system  in  the  concentration 
and  division  of  labor,  the  use  of  non-human 
power  and  of  labor-saving  machinery,  have  also 
been  applied  to  other  fields  of  economic  activity 
such  as  agriculture,  fishing,  forestry,  mining, 
transportation,  and  even  personal  and  profes- 
sional service.  There  can  be  no  doubt  there- 
fore as  to  the  importance  of  so  universal  a 
system. 

Domestic  System.—  We  shall  perhaps  bet- 
ter understand  the  factory  system  if  we  con- 
trast it  with  the  system  under  which  industry 
was  organized,  at  least  in  England,  just  before 
its  introduction.  This  was  the  domestic  system. 
According  to  this  manufacturing  —  which  was 
then  truly  "making  by  hand"  (manus-facere)  — 
was  carried  on  by  small  masters  in  their  own 
houses,  with  the  help  perhaps  of  a  journeyman 
and  an  apprentice  or  two.  Such  a  master  al- 
most always  owned  the  implements  or  tools  of 
manufacture.  In  some  cases  the  raw  material 
was  the  property  of  a  middleman  who  simply 
hired  the  domestic  worker  to  work  it  up  into 
finished  goods,  while  he  distributed  the  raw 
material  to  the  homes  of  the  workers  and  col- 
lected the  completed  product.    The  essential 
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feature  of  the  system,  however,  to  which  it 
owed  its  name,  was  the  fact  that  manufac- 
turing was  carried  on  in  his  own  house  by  the 
domestic  worker,  who  usually  also  owned  a  plot 
of  ground  which  he  cultivated  as  a  by- 
industry. 

Factory  System. — All  this  was  entirely 
changed  by  the  introduction  of  the  factory  sys- 
tem. The  first  series  of  changes  that  may  be 
noted  was  the  transfer  of  the  industry  from 
the  home  to  the  factory,  the  change  in  owner- 
ship of  the  implements  of  production  from  the 
artisan  to  the  capitalist  employer,  and  the 
change  in  the  power  that  drove  the  machines 
from  the  muscles  of  the  workers  to  the  force 
of  falling  water,  and  later  of  expanding  steam. 
A  second  characteristic  of  the  factory  system 
was  the  enlargement  of  the  business  unit.  The 
textile  industry  was  affected  less  than  mining 
and  the  metallurgical  industries ;  but  transporta- 
tion showed  the  greatest  development  along 
these  lines.  To-day,  however,  large-scale  pro- 
duction is  a  common  characteristic  of  almost 
all  factory  industries.  As  a  result  of  these 
changes  capital  has  become  increasingly  im- 
portant in  modern  industry  until  our  present 
system  of  industrial  organization  is  often  called 
a  "capitalistic"  system  rather  than  a  factory 
system. 

Evils. —  It  is  obvious  that  no  such  far- 
reaching  change  in  industrial  organization  could 
be  effected  without  serious  disorganization  and 
readjustment.  The  transitional  period  during 
which  the  factory  system  was  instituted  wit- 
rcsses  many  serious  evils,  some  of  which  have 
.not  yet  been  altogether  eradicated,  and  which 
arc  consequently  assumed  by  some  writers  to 
be  inherent  in  the  system  itself.  To  a  brief 
consideration  of  these  we  may  turn.  Five 
criticisms  were  noted  by  C.  D.  Wright  in  an 
account  of  the  system  given  in  the  Tenth  Cen- 
sus, as  follows:* 

(a)  The  factory  system  necessitates  the  em- 
ployment of  women  and  children  to  an  injurious 
extent,  and  consequently  its  tendency  is  to  de- 
stroy family  tics  and  domestic  habits  and  ulti- 
mately the  home. 

(b)  Factory  employments  are  injurious  to 
health. 

(c)  The  factory  system  is  productive  of  in- 
temperance, unthrift  and  poverty. 

(d)  It  feeds  prostitution  and  swells  the 
criminal  lists. 

(c)  It  tends  to  intellectual  degeneracy. 

In  answer  to  these  criticisms  it  may  be 
pointed  out  that  the  employment  of  women 
and  especially  of  children  has  been  regulated 
and  greatly  reduced  by  factory  legislation.  The 
employment  of  married  women  and  of  young 
children  is,  however,  still  unhappily  too  great. 
On  the  score  of  health  the  best  equipped  and 
managed  factories  undoubtedly  compare  very 
favorably  with  the  environment  under  which 
work  was  carried  on  in  the  home  under  the 
domestic  system,  but  the  number  of  dangerous 
and  injurious  trades  has  multiplied.  The  rcMilt- 
ing  evils  should,  however,  be  cared  for  by 
legislation.  The  next  two  counts  may  be  dis- 
missed as  untrue;  the  factory  system  as  such 
cannot  be  held  responsible  for  these  evils  and 
in  fact  works  directly  against  such  a  vice  as 

*C  D.  Wright.  -  Report  cm  the  Pactory  System  of  the 
Un.Ud6.air*.-  in  Tenth  Census.  Vol.  II.  p.  SSi. 
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intemperance  as  inconsistent  with  efficiency.  On 
the  last  point  so  eminent  an  authority  as  Prof. 
Alfred  Marshall  is  of  the  opinion  that  the 
modem  factory  system  makes  higher  demands 
upon  the  intellectual  capacity  of  the  workers 
than  any  system  of  industrial  organization 
which  has  preceded  it. 

Advantages.— On  the  other  hand  certain 
positive  advantages  of  the  factory  system  of 
industry  may  be  noted.  It  makes  possible  a 
vastly  greater  output.  That  this  is  not  more 
equitably  distributed  is  indeed  a  serious  prob- 
lem of  social  justice,  but  the  inequity  of  our 
present  system  of  distribution  should  not  be 
made  an  indictment  against  the  system  of  pro- 
duction which  gives  us  more  to  divide.  It  has, 
moreover,  greatly  lessened  the  cost  of  produc- 
tion and  hence  lowered  the  price  of  thousands 
of  articles,  which  have  thus  been  brought  within 
reach  of  everyone.  One  has  only  to  point  for 
illustration  to  the  myriads  of  articles  produced 
under  the  factory  system  which  can  be  found 
in  the  5  and  10  cent  stores.  And  finally  wages, 
both  nominal  and  real,  have  increased  under 
this  system,  so  that  the  economic  position  of 
the  average  factory  operative  is  better  than 
that  of  a  similar  worker  under  the  domestic 
system.  All  in  all,  in  spite  of  certain  dark 
spots,  the  factory-  system  may  be  regarded  as 
a  long  step  forward  in  the  march  of  industrial 
progress.   Sec  History,  Modern. 
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FACULJE,  the  brighter  spots  sometimes 
observed  on  the  sun's  disc.  Generally  they 
are  small  at  first  and  gradually  assume  large 

proportions.    See  SUN. 

FACULTIES,  Court  of,  an  English  ecclesi- 
astical court,  under  the  archbishop,  which  cre- 
ates rights  to  pews,  monuments  and  particular 
places  and  modes  of  burial,  and  has  also  vari- 
ous powers  in  granting  licenses  of  different 
descriptions,  as  a  license  to  marry,  a  faculty 
to  erect  an  organ  in  a  parish  church  or  to 
remove  bodies  previously  buried. 

FACULTY,  in  ecclesiastical  law.  a  privilege 
or  license  granted  to  any  person  by  favor,  and 
not  as  a  right  to  do  any  act  which  by  law  he 
may  not  do.  In  the  Roman  Catholic  Church, 
permission  granted  by  an  ecclesiastical  superior 
to  a  duly  qualified  subject  to  hear  confessions. 
Such  permission  only  extends  to  the  district 
over  which  the  superior  has  jurisdiction.  Thus, 
faculties  arc  granted  by  bishops  to  the  priests 
in  their  dioceses,  and  by  the  heads  of  religious 
homes  to  such  of  their  subjects  as  they  judge 
qualified  to  hear  the  confessions  of  the  commu- 
nity. In  the.  United  States,  the  term  faculty  in- 
dicates the  body  of  persons  who  are  entrusted 
with  the  government  and  instruction  of  a  uni- 
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versity  or  college  as  a  whole,  comprising  the 
president,  professors  and  tutors.  It  is  also 
used  lor  the  body  of  masters  and  professors  of 
each  of  the  several  departments  of  instruction 
in  a  university;  as,  the  law  faculty,  etc. 

FACULTY  OF  ADVOCATES,  an  incor- 
porated society  of  Scottish  jurists,  with  a  mem- 
bership of  about  400.  Practice  in  the  higher 
courts  of  the  kingdom  is  confined  to  members 
of  the  Faculty,  who  for  admission  are  obliged 
to  pass  a  special  examination.  Justices  are 
appointed  from  the  membership. 

FADEYEV,  fa-di'yef.  Rostislav  Andreie- 
vitch,  Russian  military  writer:  b.  1824;  d. 
Odessa,  12  Jan.  1884.  He  made  more  than  one 
campaign  in  the  Caucasus,  achieving  a  reputa- 
tion as  a  scientific  soldier  that  commands  re- 
spect for  his  'Sixty  Years  of  War  in  the  Cau- 
casus' (I860)  ;  'Russian  Militarv  Power' 
(1868)  ;  'My  Opinions  of  the  Oriental  Problem' 
(1870);  'Letters  on  Russia's  Present  Position' 
( 1881 )  ;  and  many  similar  writings. 

FADIENSKOI,  or  THADDEUS  IS- 
LAND, a  Russian  island  of  the  Arctic  Ocean, 
in  the  province  of  Yakutsk.  It  is  100  miles 
long  by  about  40  broad.  The  climate  is  very 
cold  the  greater  part  of  the  year,  but  the 
island  is  inhabited. 

FAECES,  the  residue  of  food,  combined  with 
the  intestinal  secretions,  as  it  passes  from  the 
body.  After  chyme  has  passed  into  the  large 
intestine  it  is  then  termed  faeces.  During  health 
faeces  consist  largely  of  the  undigested  por- 
tions of  the  food  taken  into  the  body.  They 
contain  microscopically  many  epithelial  cells 
from  different  parts  of  the  intestinal  canal; 
shredi  of  mucus,  bits  of  meat-fibre,  the  char- 
acter of  which  depends  upon  the  ingested  food, 
and  which  can  be  determined  by  the  microscope ; 
vegetable  detritus  consisting  largely  of  paren- 
chymatous and  vascular  tissues,  plant-hairs,  etc. ; 
fat-globules;  bacteria  of  many  kinds;  bile  pig- 
ments ;  and  other  organic  residues.  As  the 
chemistry  of  the  farces  will  vary  widely  ac- 
cording to  the  diet,  charts  of  chemical  compo- 
sition are  worthless,  The  consistency  of  the 
faeces  also  widely  varies.  Normally,  farces 
should  be  semi-solid;  if  too  hard,  constipation 
is  probable;  if  too  soft  and  watery,  indigestion, 
mav  be  present,  or  some  degree  of  colitis  (q.v.). 
Large  quantities  of  mucus  indicate  a  colitis. 
The  color  of  the  farces  is  of  much  importance 
in  determining  whether  the  normal  functions 
of  the  intestine  are  being  carried  on.  In  health 
the  farces  should  vary  from  a  light  to  an  umber 
brown,  white  to  yellow  farces  indicating  lack  of 
bilc-cxecretion  or  loss  of  fat-digestion.  Very 
black  farces  often  result  from  excessive  bile- 
elimination,  but  such  arc  more  likely  to  be  pres- 
ent when  the  drinking-water  contains  small 
amounts  of  mineral  constituents,  notably  iron. 
Many  drugs  modify  the  color  of  the  farces. 
In  children,  green  to  greenish  stools  indicate 
either  the  presence  of  certain  pigment-forming 
bacteria,  or  they  mean  that  there  i«  excessive 
fermentation  or  putrefaction  of  the  intestinal 
contents,  leading  to  excess  of  oxidation  of  the 
bile-pigments.  In  either  case  castor  oil  is  an 
excellent  corrective.  Tarry  farces,  resembling 
coffee-grounds  in  color,  usually  indicate  the 
presence  of  blood  high  up  in  the  intestinal  canal. 
If  bleeding  occurs  in  the  large  intestine  or  rec- 
tum, red  is  the  prevailing  tinge.    Small  quanti- 


ties of  blood  color  the  farces  orange,  like  pap- 
rika. Cocoa  and  huckleberries  cause  a  colora- 
tion of  the  faeces  that  may  be  mistaken  for 
blood.  Colorless  or  gray-colored  stools  usually 
indicate  some  form  of  biliary  obstruction;  or, 
perhaps  from  fatty  indigestion,  an  excess  of 
fat  passed  either  from  lack  of  bile-emulsion 
action  or  from  loss  of  fat-absorption.  Children 
taking  cod-liver  oil  often  have  light-colored 
stools.  These  should  be  carefully  studied  to 
determine  if  digestion  of  the  oil  is  taking  place. 
Disturbance  of  the  functions  of  the  pancreas 
may  also  cause  light-colored  or  fatty  stools. 
The  study  of  the  color  of  the  stools  is  of  im- 
mense practical  importance  in  medicine,  and 
careful  observation  of  this  matter  by  the  pa- 
tient may  be  of  immense  service  to  the  physi- 
cian. In  birds,  fishes  and  reptiles,  and  in  some 
mammals,  urine  is  mixed  with  the  faeces  before 
they  leave  the  body.  Sec  Intestines. 

FAED,  fad,  John,  Scottish  artist :  b.  Burley 
Mill,  Kirkcudbrightshire,  1820;  d.  Gatehouse- 
of-Fleet,  Scotland,  22  Oct.  1902.  In  1841  he 
went  to  Edinburgh  to  study,  soon  won  a  con- 
siderable reputation  as  a  portrait  and  subject 
painter,  and  was  elected  a  member  of  the  Royal 
Scottish  Academy  in  1852.  In  1851  he  exhibited 
a  work  entitled  'The  Cruel  Sisters,'  and  this 
was  followed  by  'The  Cotter's  Saturday  Night' 
(1854);  'The  Philosopher'  (1855);  'The 
Household  Gods  in  Danger'  (1856);  'Job  and 
his  Friends'  (1858);  and  'Boaz  and  Ruth' 
(1860).  Going  to  London  in  1862,  he  began  to 
exhibit  in  the  Royal  Academy  also,  some  of 
his  pictures  shown  since  that  date  being  'Cath- 
erine Scyton'  (1864)  ;  'Old  Age'  (1867)  ;  'John 
Anderson,  my  Jo>  (1860);  'After  the  Victory' 
(1873)  ;  'The  Morning  before  Floddcn'  (1874)  ; 
•Blenheim'  (1875);  'In  Memoriam'  (1876); 
'The  Old  Basket-Maker'  (1878);  and  'The 
Poet's  Dream'  (1883).  His  work  invariably 
displays  careful  drawing,  but  his  coloring  is 
somewhat  hard. 

FAED,  Thomas,  Scottish  artist:  b.  Burley 
Mill,  Kirkcudbrightshire,  8  June  1826;  d.  Lon- 
don, 17  Aug.  1900.  He  was  a  brother  of  John 
Faed  (q.v.),  and  at  an  early  age  became  known 
as  a  clever  painter  of  rustic  subjects.  The  sub- 
jects of  his  brush  arc  for  the  most  part  domestic 
or  pathetic,  which  he  depicted  with  a  tender 
idealism  that  appealed  strongly  to  the  public 
taste.  He  was  elected  a  member  of  the  Royal 
Academy  in  1864.  Among  his  principal  works 
arc  'Sir  Walter  Scott  and  his  Friends'  (1849) ; 
'The  Mitherlcss  Bairn'  (1855);  'The  First 
Break  in  the  Family'  (1857);  'His  Only  Pair' 
(1860);  'From  Dawn  to  Sunset'  (1861);  'The 
Last  o'  the  Clan'  (1865);  'Pot  Luck'  (1866); 
'Worn  Out'  (1868);  'Homeless'  (1869);  'The 
Highland  Mother'  (1870);  'Winter'  (1872); 
"Violets  and  Primroses'  (1874);  'She  Never 
Told  her  Love'  (1876);  'Maggie  and  her 
Friends'  (1878);  and  'Rest  by  the  Stile'  (in 
the  Metropolitan  Museum,  New  York). 

FAENZA,  fa-en'za  (ancient  Faventia), 
Italy,  episcopal  city,  in  the  province  of  Ravenna, 
on  the  river  Lamone.  19  miles  from  the  city 
of  Ravenna.  The  cathedral  of  San  Costanzo, 
begun  in  the  14th  century,  contains  the  exquisite 
early  Renaissance  tomb  of  Saint  Savinus.  It  is 
noted  for  its  glazed  earthenware,  called  Faience 
(q.v.),  the  manufacture  of  which  was  famous 
from  the  15th  century  and  has  been  recently 
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revived.  Others  of  its  manufactures  are  majol- 
ica, silk  goods  and  refined  sulphur.  In  the 
neighborhood  are  ferruginous  and  saline  springs 
of  considerable  repute.  Faenza  is  connected 
with  the  Adriatic  by  the  Zanelli  Canal,  opened 
in  1782.  It  claims  to  be  the  birthplace  of  Torri- 
celli.  Its  history  extends  into  the  times  before 
the  Christian  era,  and  many  changes  in  govern- 
ment took  place  before  1509,  when  it  was  an- 
nexed by  Julius  II  to  the  states  of  the  Church. 
In  1860  it  became  a  part  of  the  kingdom  of 
Italy.   Pop.  of  the  commune  40,164. 

FAERIE  (fa'er-c)  QUEENE,  The.  An 

epic  poem  by  Edmund  Spenser,  published  in 
1590  (Books  I— 111 )  and  in  15%  (Books  IV- 
VI)  ;  a  fragment  of  another  book,  consisting  of 
two  cantos  on  *  Mutability,*  was  published  in 
1609.  The  poem  was  planned  in  12  books,  each 
book  containing  12  cantos;  Spenser  com- 
pleted little  more  than  half  his  design.  His 
purpose,  as  set  forth  in  his  letter  to  Raleigh, 
was  "to  fashion  a  gentleman  or  noble  person 
in  virtuous  and  gentle  discipline," —  thus  like 
Castiglione's  'The  Courtier'  and  other  influen- 
tial books  of  the  time,  the  'Faerie  Queene' 
was  designed  to  be  a  guide  to  conduct  for  men 
who  were  entering  the  service  of  the  state. 
Conforming  to  current  critical  doctrine,  instruc- 
tion in  the  cardinal  virtues  characteristic  of 
the  illustrious  prince  is  to  be  gained  best  through 
the  study  of  poetry,  not  history  or  moral  phi- 
losophy. (Besides  the  letter  to  Raleigh,  consult 
also  Sidney's  'Defense  of  Poetry').  Accord- 
ingly, epic  poetry  was  held  to  be  an  allegory 
of  the  perfect  hero :  Homer  so  portrays  "the 
good  governor"  in  his  Agamemnon  and  "the 
virtuous  man"  in  his  Ulysses;  Virgil  com- 
bines the  two  in  his  vtneas,  while  Tasso's 
Rinaldo  is  the  ideal  'private  man*  and  his 
Godfrey  the  ideal  ruler.  Based  on  this 
theory,  the  'Faerie  Qucene'  was  to  deal  with 
the  "twelve  private  moral  virtues,  as  Aristotle 
hath  devised,"  in  the  person  of  Arthur  before 
he  became  king;  Spenser  hints  that  he  may 
treat  Arthur  as  king  in  a  second  epic. 

The  plan  was  to  be  worked  out  by  devoting 
each  book  to  the  exploits  of  a  knight  distin- 
guished for  a  cardinal  virtue.  Saint  George, 
the  Red  Cross  Knight  (Book  I),  represents 
Holiness;  Guyon  (Book  II)  represents  Tem- 
perance in  the  classical  sense  of  self-restraint; 
Britomart  (III),  a  female  knight,  stands  for 
Chastity;  Cambell  and  Triamond  (IV)  for 
Friendship;  Artcgal  (V)  for  Justice;  and  Cali- 
dore  (VI)  for  Courtesy.  Prince  Arthur,  who 
stands  for  Magnificence  or  Magnanimity,  ap- 
pears in  several  hooks;  first,  in  his  quest  for 
Gloriana,  the  Faerie  Queene,  and  second,  as 
an  assistant  to  the  hero  of  the  book  in  a  crisis. 
This  does  not  indicate  incoherence  of  design, 
as  some  critics  maintain,  but  follows  the  famil- 
iar construction  of  the  Arthurian  romances, 
where  Gawain  or  Lancelot  or  Perceval,  or  who- 
ever happens  to  be  "the  greatest  knight  in  the 
world,*  is  introduced  at  a  crisis  in  the  fortune 
of  the  hero  whose  adventures  are  being  nar- 
rated. 

Spenser's  use  of  the  Arthurian  romances 
is  interesting  and  original.  None  of  the  great 
knights  familiar  in  Malory  and  elsewhere  ap- 
pears; none  of  the  great  stories  afterward 
used  by  Tennyson  finds  a  place.  The  Holy 
Grail,  for  example,  is  barely  mentioned.  Yet 
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the  basis  of  the  plot  is  familiar  to  any  reader 
of  the  metrical  romances  of  France  and  Eng- 
land. The  Faerie  Qucene  holds  a  feast  lasting 
12  days,  on  each  of  which  an  "adventure* 
takes  place.  On  the  first  day  a  "clownish  young 
man,"  who  reminds  us  of  Perceval  or  of  Gareth, 
begs  the  boon  of  any  "adventure"  that  may  be- 
fall ;  he  is  sent  with  Una  to  free  her  parents 
from  the  thraldom  of  a  dragon.  On  the  second 
day  a  Palmer  bearing  a  babe  with  bloody  hands 
calls  for  a  champion  to  slay  Acrasia,  the  en- 
chantress who  wrought  the  woe,  and  Sir  Guyou 
is  assigned  the  task.  On  the  third  day  Scud- 
amore  is  sent  to  free  Amorct  from  an  enchanter, 
but  his  adventure  is  completed  by  Britomart. 
But  all  this  explanatory  matter  is  set  forth 
in  the  letter  to  Raleigh ;  Spenser  follows  Virgil 
and  other  poets  in  beginning  "in  the  midst," 
and  the  epic  did  not  arrive  at  the  point  where 
the  setting  could  be  given  in  verse.  Moreover. 
Spenser  follows  the  late  mediaeval  romances 
in  giving  to  familiar  romance  situations  alle- 
gorical or  mystical  significance.  Thus,  Galahad's 
delivery  of  the  Castle  of  Maidens,  which  in 
the  Grail  cycle  had  come  to  symbolize  Christ 
delivering  mankind  from  the  Seven  Deadly 
Sins,  is  used  by  Spenser.  The  quest,  also,  ap- 
pears in  many  forms.  For  example,  the  quest 
of  Red  Cross  for  the  dragon  reaches  a  climax 
in  a  three  days'  battle  in  which  the  monster 
stands  for  Satan,  who  has  long  held  the  human 
race  (Castle  Mortal)  in  bondage;  the  three 
days'  battle  symbolizes  Christ's  victory  over 
Death  and  Hell  so  often  met  in  mcdixval 
legend.  Spenser's  poem  is  filled  with  such 
reminiscences  of  the  Arthurian  romances ;  their 
influence  on  him  is  far  more  pervasive  than 
the  debt,  largely  exaggerated,  to  Ariosto  and 
Tasso,  from  whom  he  derives,  as  from  the 
classics,  many  matters  of  detail. 

Spenser  uses  the  technique  of  romance  for 
a  more  carefully  elaborated  moral  allegory  than 
had  been  developed  in  the  mediaeval  cycles. 
Thus,  Book  I  shows  how  Holiness  (Red 
Cross),  accompanied  by  Truth  (Una),  slays  the 
dragon  of  Error.  Again  the  adventures  of  Guyon 
(Book  11^  symbolize  the  course  of  temperance 
through  life,  avoiding  extremes  of  gloom  or  of 
false  joy,  avoiding  wrath  and  excessive  passion, 
conquering  desires  for  wealth  or  sensual  enjoy- 
ment. The  allegory  of  the  poem  is  complex : 
there  is  the  type  found  in  mediaeval  moral  plays, 
representing  the  conflict  of  vices  and  virtues; 
there  is  the  mystical  interpretation  of  Christian 
doctrine;  there  is  also  translation  of  Plato's 
idealism  into  allegorical  story.  To  blend  with 
a  conception  so  complex  as  this  the  Renaissance 
ideal  of  the  perfect  courtier  (Spenser  has  in 
mind  a  man  of  affairs  like  Sidney,  not  a  me- 
diaeval ascetic  saint)  rendered  it  impossible  for 
the  poet  to  use  Malory's  version  of  the  Ar- 
thurian legend  in  any  complete  or  definite  way. 
Yet  the  chief  clue  to  his  method  is  to  be  found, 
not  in  his  moral  and  religious  allegory,  which 
has  been  too  much  stressed  in  Spenser  criti- 
cism, but  in  his  purpose  to  shadow  forth  his 
conception  of  the  greatness  of  Elizabethan 
England  and  of  its  destiny.  To  bring  this  out, 
he  represents,  in  Prince  Arthur,  the  English 
realm ;  Gloriana,  the  Faerie  Queene,  is  Eliza- 
beth Tudor.  Fundamentally  the  poem  means 
that  the  return  of  the  old  Welsh  (Fairy)  line, 
represented  in  the  Tudors,  to  the  government 
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of  England  is  the  source  of  England's  present 
greatness.  He  distinguishes  carefully  between 
fairy  knights  like  Guyon  and  English  knights 
like  Saint  George  (Red  Cross).  The  Queen  of 
the  Fairies  appears  to  Prince  Arthur  in  a  vision 
of  a  type  familiar  in  Celtic  folklore,  and  prom- 
ises in  due  time  to  give  herself  to  him;  Eng- 
land, personified  in  Arthur,  seeks  to  realize 
this  vision,  made  complete  when  EUzabeth 
rules.  Thus  the  poem  glorifies  the  ancestry  of 
the  reigning  house  according  to  the  rules  of 
Renaissance  epic. 

But  there  is  yet  more.  Artegal,  knight  of 
Justice,  loves  Britomart,  the  martial  spirit  of 
England.  Justice  united  with  British  might 
points  out  a  new  destiny.  Artegal's  quest  is  to 
free  Irena  (Ireland)  from  Grantorto  (Philip 
of  Spain).  In  this  book  also  Prince  Arthur 
rescues  Belgz  (the  Netherlands)  from  the 
Spanish  monster,  and  Duessa  (Mary  of  Scot- 
land) is  adjudged  worthy  of  death.  Thus  cer- 
tain crucial  events  in  Elizabeth's  reign  are  set 
forth:  the  conflict  with  Spain  necessitated  the 
crushing  of  the  Irish  rebellion,  fomented  by 
Philip;  it  necessitated  also  the  aid  sent  to  the 
Netherlands,  crushed  by  Philip's  vast  cruelty, 
and  the  execution  of  Mary,  the  chief  means 
through  which  Philip  plotted  the  destruction  of 
free  England.  In  a  later  book,  Spenser  no 
doubt  would  have  included  the  final  triumph 
over  the  Armada.  Furthermore,  this  exposi- 
tion has  a  direct  bearing  on  the  foreign  policy 
of  Elizabeth  and  is  a  defense  of  that  school  of 
politics  that  held  it  to  be  England's  duty  to 
emerge  from  isolation,  to  take  part  in  continen- 
tal politics,  to  substitute  for  diplomatic  intrigue 

£ositive  action  on  behalf  of  the  oppressed  in  the 
,ow  Countries  and  in  France  against  the  sinister 
shadow  of  Philip's  ambition  for  world  power. 
The  poem  is  not  merely  a  moral  allegory  of 
abstract  virtues,  not  merely  a  glorification  of 
the  Queen,  but  a  positive  and  almost  defiant  de- 
fense of  a  greater  nationalism  that  led  eventu- 
ally to  the  establishment  of  British  sea  power 
and  the  imperial  domain.  Raleigh,  *the  Shep- 
herd of  the  Ocean,*  is  recognized  by  Spenser 
as  a  leader  in  this  progressive  movement,  as  he 
also  recognized  Leicester  and  Essex  and  op- 
posed the  more  conservative  policy  of  Lord 
Burghley. 

Besides  these  allegories  of  moral  and  polit- 
ical ideas,  which  appealed  to  Elizabethan  love 
of  symbolism  and  shadowed  forth  the  roman- 
tic idealism  of  the  time,  are  many  lovely  fea- 
tures that  deepen  the  picture.  Such  are  Cali- 
dore's  wooing  of  the  shepherdess  Pastorella,  as 
charming  as  the  pastoral  scenes  in  Shakes- 
peare's 'Winter's  Tale> ;  or  the  flight  of  Brito- 
mart with  her  nurse  to  Merlin's  cave,  there  to 
learn  of  Artegal;  or  the  stories  of  Florimel  and 
of  Amoret.  These  stories,  and  many  other 
strands  in  the  complex  web  of  Spenser's  weav- 
ing, are  of  the  very  essence  of  romance  —  the 
light  that  never  was  on  sea  or  land  that  Words- 
worth meditated  upon,  or  the  faery  lands  for- 
lorn recalled  to  momentary  life  in  the  poetry  of 
Keats.  In  this  is  one  secret  of  Spenser's  in- 
fluence upon  later  English  poetry,  an  influence 
more  pervasive  than  Chaucer's  or  Milton's  or 
even  Shakespeare's.  It  is  not  that  he  is  a  mas- 
ter of  narrative:  one  who  desires  merely  a 
story  had  best  go  elsewhere.  It  is  not  that  he 
recreates  the  world  of  chivalry  as  Malory  or 
Chretien  had  seen  it  in  earlier  times.  He 


draws  upon  all  sources ;  ancient  and  mediaeval, 
romance  and  allegory;  his  learning  is  enor- 
mous; one  stanza  may  be  compounded  of 
samples  from  many  fields.  But  it  is  all  fused, 
through  the  magic  of  his  imagination,  into  a 
new  unity  that  we  feel  rather  than  see.  His 
sources  are  a  thousand  romances,  but  he  is 
romance  incarnate. 

Partly  this  is  due  to  his  wonderful  stanza 
The  foundation  of  it  is  not  oliava  rima,  as  is 
often  said,  but  an  eight-line  stanza  adapted  by 
Chaucer  from  the  French  and  having  the  same 
rhymes:  ababbebc.  To  this  Spenser  added  an 
alexandrine  that  repeats  the  third  rhyme.  Sin- 
gularly adapted  to  the  genius  of  one  who  has 
been  called  "the  painter  of  the  poets,*  Spenser 
gets  from  it  an  astonishing  variety  of  effects 
through  his  mastery  of  alliteration,  vowel 
stress,  repetition,  and  epithet.  The  music  of  bird 
song  and  running  water  is  in  it,  the  opulence 
of  taste  and  touch  ("He  seems  to  feel  with  his 
eyes") — the  pictures  in  language  that  the  poets 
of  the  Renaissance  sought  to  paint.  These  pic- 
tures are  not  alone  of  the  kind  often  associated 
with  his  poem, —  an  enchantress  in  a  Bower  of 
Bliss,  or  some  vividly  wrought  epic  simile. 
Colin's  fairy  hill,  a  stream  of  living  water  at  its 
base,  guarded  by  fairies  from  every  noisome 
thing;  a  little  open  place  outside  the  stream, 
and  beyond,  as  a  frame  for  the  picture,  woods 
of  matchless  height  that  seemed  to  disdain  the 
earth,  is  one  example  of  his  painting;  another  is 
the  scene  of  the  hundred  furnaces  in  the  Under- 
world, surrounded  by  swarms  of  dwarfs  en- 
gaged in  stirring  the  molten  ore  with  great 
ladles,  with  the  sudden  apparition  of  the  Fairy 
Knight,  "glistering  in  armes  and  battailous 
array." 

Though  Spenser's  genius  is  not  primarily 
dramatic,  this  element  in  his  work  is  not  want- 
ing. He  often  refers  to  the  theatres  and  to 
acting,  and  among  his  lost  works  we  read  of 
nine  comedies.  The  masques  of  the  "Faerie 
Queene*  —  the  Temple  of  Venus,  the  Masque 
of  Cupid,  the  Gardens  of  Adonis,  the  Seven 
Deadly  Sins,  the  Masque  of  the  Seasons,  and 
others  —  form  a  constant  element  in  his  work. 
The  journey  of  Guyon  through  the  Underworld 
is  both  masque  and  drama,  as  is  also  the  over- 
throw of  the  enchanter  Busirane  by  Britomart 
In  comparison  with  these,  the  masques  intro- 
duced by  Shakespeare  into  his  plays  are  pale 
and  ineffectual.  The  tragi-comedy  of  Malbecco 
is  excellent  throughout,  and  reminds  one,  in  its 
power  of  characterization  and  its  edged  humor, 
of  Jonson  or  Massinger.  Spenser's  characters 
are  not  all  pale  abstractions,  creatures  of 
boundless  virtue  or  ugly  vice.  Britomart  has 
the  spirit,  the  bravery,  as  well  as  the  beauty  of 
Beatrice,  and  like  Beatrice  she  is  adorably 
feminine.  Una  is  as  lovely  and  appealing  as 
Hermione ;  Pastorella  is  another  Perdita. 
Guyon's  career  is  no  succession  of  tilts  with  ab- 
stractions ;  the  conflict  is  as  real  as  in  many  an 
Elizabethan  tragedy,  with  victory  for  his  re- 
ward. 

But  these  are  mere  details,  their  only  serv- 
ice being  to  recall  once  more  the  infinite  vari- 
ety of  the  elements  composing  the  poem.  The 
abiding  impression  which  it  leaves  upon  the 
mind  is  that  of  a  succession  of  marvelous  dis- 
solving views,  a  panorama  in  which  the  antique 
and  mediaeval  worlds  are  blended  with  the  epic- 
like life  that  England  then  was  living.  This 
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life  Spenser  views  through  Merlin's  magic 
glass,  to  wuich  time  and  space  are  immaterial, 
and  all  human  experience  is  but  the  semblance 
of  things  not  seen. 

Edwin  Greenlaw, 
Kenan  Professor  of  English  in  the  University 
of  North  Carolina. 

FAEROE  ISLANDS.  See  Faroe  Islands. 
FAESULffi.    See  Fiesole,  Italy. 

FAFNIR,  faf'ner,  in  the  mythology  of  the 
Nibelungcnlied,  a  son  of  the  magician  Hreid- 
mar.  In  the  form  of  a  dragon  he  guarded  the 
gold  which  was  paid  in  atonement  for  the  death 
of  Otr,  and  was  slain  by  Siegfried. 

FAGAN,  James  Bernard,  Irish  dramatist: 
b.  18  May  1873.  He  was  educated  at  Clongowes 
Wood  College  and  Trinity  College,  Oxford. 
Intended  at  first  for  the  church,  the  bar  or  the 
Indian  Civil  Service,  he  abandoned  in  turn  all 
three  and  went  on  the  stage.  He  was  with  F. 
R.  Benson  for  two  years,  1895-97,  and  with 
Sir  Herbert  Beerbohm  Tree  in  1897-99,  retiring 
in  the  latter  year.  He  produced  'The  Rebels' 
(1899);  'The  Prayer  of  the  Sword>  (1904)  ; 
Hawthorne,  U.  S.  A.'  (1905);  'Under  which 
King'  (1905);  <A  Merry  Devil »  (1909);  'The 
Earth'  (1909);  'False  Gods,'  a  translation 
(1910);  'The  Dressingroom>  (1910);  'Bella 
Donna,'  an  adaptation  (1911). 

FAGEL,  fa'Hel,  Frans  Nicolaas,  Dutch  sol- 
dier: b.  Nimwcgcn  1645;  d.  Sluys  23  Feb.  1718. 
He  was  a  nephew  of  Gaspar  Fagcl  (q.v.),  en- 
tered the  military  service  in  1672.  He  distin- 
guished himself  in  the  battle  of  Flcurus  1690, 
and  the  famous  defense  of  Mons,  1691,  was  di- 
rected by  him.  He  also  displayed  great  military 
talent  at  the  siege  of  Namur,  at  the  capture  of 
Bonn  and  in  Portugal  1703,  in  Flanders  1711  and 
1712.  at  the  battles  of  Ramillics  (1706)  and 
Malplaquct  (1709). 

FAGEL,  Hendrik,  Baron,  Dutch  states- 
man: b.  1765;  d.  1834.  He  received  his  educa- 
tion at  the  University  of  Lcydcn  and  in  1787 
became  second  secretary  to  the  States-General; 
afterward  he  became  secretary.  With  Van  de 
Spiegel  he  was  commissioned  in  1794  to  make 
a  treaty  of  alliance  with  England  and  Prussia. 
When  the  princes  of  Orange  became  exiles 
Fagel  accompanied  them.  In  1813  he  was 
named  Ambassador  to  England  and  remained  in 
that  post  until  1824.  With  Lord  Castlereagh  he 
signed  the  London  Convention,  under  the  terms 
of  which  many  of  her  colonics  were  restored 
to  Holland.  In  1829  Fagel  was  appointed  min- 
ister without  portfolio. 

FAGEL,  Kaspar  or  Gaspar,  Dutch  states- 
man: b.  The  Hague  1629;  d.  1688.  He  was 
made  pensionary  of  Haarlem  in  1663  and  seven 
years  later  became  secretary  to  the  States- 
General.  He  succeeded  Dc  Witt  as  grand  pen- 
sionary. He  allied  himself  with  William  of 
Orange  and  took  a  large  part  in  having  the 
latter  declared  hereditary  stadtholder.  To  him 
also  is  due  no  small  part  of  the  credit  for  the 
accession  of  William  to  the  throne  of  England 
after  the  Revolution  of  1688.  Fagcl's  incor- 
ruptibility and  patriotism  was  demonstrated  by 
his  refusal  of  a  bribe  of  2,000,000  francs  from 
Louis  XIV. 

FAGERLIN,  fa'ger-lrn,  Ferdinand  Julius: 
b.  Stockholm,  5  Feb.  1825.    In  1854  he  began 
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his  art  studies  and  entered  the  Academy  of 
Stockholm ;  thence  he  passed  to  Diisseldorf  and 
finally  became  a  pupil  of  Couture  at  Paris. 
From  Diisseldorf  he  started  on  a  professional 
journey  northward  for  the  purpose  of  studying 
sea  and  coast  life  in  Holland.  The  pictures  he 
then  painted  are  true  to  nature,  subtle  in  char- 
acterization and  abound  in  wholesome  humor. 

FAGGING,  in  the  schools  of  intermediate 
or  secondary  education  in  England,  a  term 
designating  the  services  which  boys  of  the  lower 
forms  are  by  custom  obliged  to  render  to  the 
boys  of  the  upper  forms.  Usually  a  lower-form 
boy  is  assigned  to  an  upper-form  boy,  whose 
"fag*  he  is  then  said  to  be.  For  his  master 
he  performs  various  services,  but  never  menial. 
Consult  Hughes,  'Tom  Brown's  School  Days.' 

FAGIN,  fa'gin  a  despicable  Jew  in  Dickens' 
'Oliver  Twist.'  He  is  represented  as  training 
up  children  in  crime  in  order  to  profit  by  their 
thievish  practices  and  condemned  to  be  hanged 
for  receiving  stolen  goods. 

FAGIUS,  Paul  (German,  Biichlcin),  Ger- 
man reformer  and  Hebraist:  b.  Rheinzabern, 
in  the  Palatine.  1504;  d.  Cambridge,  England, 
1549.  He  studied  at  Heidelberg  and  Strass- 
burg;  at  the  latter  place  giving  special  attention 
to  Hebrew  under  the  direction  of  Wolfgang 
Capeto.  He  was  made  pastor  at  Isny  in  153/ 
and  here  he  continued  his  Hebrew  studies  under 
Elias  Levita.  He  set  up  a  printing  press  from 
which  he  issued  several  Hebrew  works.  In 
1542  he  became  professor  of  Hebrew  at  Strass- 
burg  and  later  held  similar  chairs  at  Constance 
and  Marburg.  In  1546  he  went  to  Heidelberg, 
where  he  joined  the  Reform  Party.  He  was 
deposed  in  1549,  and  in  the  same  year  was  in- 
vited by  Cranmcr  to  England.  He  died  soon 
after  his  arrival.  Queen  Mary  in  1557  caused 
his  body  to  be  exhumed  and  burned.  Fagius 
left  several  commentaries  on  books  of  the  Old 
Testament.  His  'Hebrew  Grammar'  (1543) 
was  important  in  its  day. 

FAGNANI,    fan-ya'ne,    Joseph,  Italian 

painter:  b.  Naples,  Italy.  1819;  d.  1873.  He 
studied  at  Vienna  and  Paris,  and  came  to  the 
United  States  with  Sir  Henry  Bulwcr  in  1849; 
here  he  painted  'The  Nine  Muses'  (portraits 
of  New  York  women),  now  in  the  Metropolitan 
Museum.  He  also  painted  many  European 
celebrities. 

FAGNIEZ,    fa'nya',    Gustave  Charles, 

French  historian :  b,  Paris  1842.  He  received 
his  education  at  the  Ecole  des  Charles  and  the 
Ecole  des  Hautes-Etudcs  and  secured  a  post  in 
the  department  of  national  archives.  Subse- 
quently he  was  member  of  the  commission  of 
diplomatic  archives  under  the  direction  of  the 
Minister  of  Foreign  Affairs.  He  was  one  of 
the  founders  of  the  Historical  Society  of 
France  and  became  a  member  of  the  editorial 
staff  of  the  Revue  Historigue.  He  has  pub- 
lished several  works  dealing  mainly  with 
economic  history.  These  include  'Etudes  sur 
rindustrie  ct  la  classc  industriclle  a  Paris  au 
XHIe  ct  au  XlVe  siecle'  (1877);  <La  mission 
du  pcre  Joseph  a  Ratisbonnc'  (1885)  ;  *Lc  pere 
Joseph  et  Richelieu'  (1894);  <L'Economie 
sociale  dc  la  France  sous  Henri  IV  (1897); 
'Documents  rclatifs  a  1'hMoirc  dc  rindustrie 
et  du  commerce'  (2  vols.,  1898-1900)  ;  <Lc  due 
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de  Broglte>  (1902)  :  'Corporations  et  syndicats' 

(1905). 

FAGOT,  a  bundle  of  sticks  or  small 
branches  of  trees  bound  together.  In  times  of 
religious  persecution  the  fagot  was  a  badge 
worn  on  the  sleeve  of  the  upper  garment  of 
such  persons  as  had  abjured  heresy,  being  put 
on  after  the  person  had  publicly  carried  a  fagot 
to  some  appointed  place,  by  way  of  penance. 
Among  military  men  in  England,  fagots  were 
persons  hired  by  officers  whose  companies  were 
not  full,  to  muster  and  hide  the  deficiencies  of 
the  company,  and  thus  cheat  the  government. 

FAGOT-VOTE,  in  Great  Britain,  was  a 
vote  manufactured  for  party  purposes  by  the 
transfer  to  persons  not  otherwise  legally  quali- 
fied of  sufficient  property  to  qualify  them  as 
electors.  Estates  were  divided  up  into  what 
was  called  40-shilling  freeholds,  to  each  of 
which  a  bogus  proprietorship  (with  a  vote) 
might  attach;  but  under  the  Franchise  Act  of 
1884  this  qualification  was  abolished  and  fagot- 
votes  can  no  longer  be  manufactured. 

FAGOT-WORM,  a  caterpillar  of  a  moth  of 
the  genus  Eumeta,  which  in  Ceylon  is  common 
on  the  coffee-trees.  It  forms  a  pupa  case  of 
silk  covered  with  small  sticks,  so  that  it  looks 
like  a  bundle  of  fagots;  and  local  folk-lore 
explains  that  these  worms  are  the  abode  of  the 
souls  of  persons  who  in  their  lifetime  were 
thieves  of  firewood.  These  moths  are  related 
to  the  bag- worm  moths  (q.v.). 

FAGOTTO,  fa-got'td,  a  brass  wind  instru- 
ment, blown  with  a  reed,  which  can  be  taken  in 
pieces  and  carried  like  a  bundle  of  fagots,  hence 
the  name;  a  bassoon  (q.v.). 

FAGUET,  fa'ga,  Emile,  French  literateur 
and  academician :  b.  La  Roche  sur  Yon  Vendee. 
17  Dec.  1847:  d.  Paris,  7  June  1916.  He  was 
educated  at  the  Lycee  Charlemagne,  Paris,  and 
was  graduated  from  1'Ecole  Normalc  in  1867. 
He  taught  for  some  time  at  La  Rochcllc  and 
Bordeaux.  I-ater  he  came  to  Paris,  where  he 
became  professor  of  poetry  in  the  university  in 
1890,  and  was  elected  to  the  Academy  in  1900. 
His  works  include  'La  trag£dic  au  XVIe 
Siecle'  (1883);  <Le  Theatre  contemporain' 
(1880-91),  comprising  his  dramatic  criticisms; 
<Dix-huitieme  siecle*  (1890) ;  'Seizicme  siecle' 
(1893)  ;  'Drame  ancien,  drame  modernc'  (1898) ; 
'Histoire  de  la  literature  francaise'  (1900); 
'La  politique  comparee  de  Montesquieu  Rous- 
seau, et  Voltaire'  (1902);  'Propos  Litteraires' 
(1902):  «La  Pacifisme'  (1908);  <Les  Prejuges 
necessaires'  (1911);  'Monscigncur  Dupanloup, 
un  grand  eveque'  (1914).  He  rehabilitated 
especially  the  literature  of  the  17th  century,  and 
took  an  active  interest  in  the  criticism  of  the 
modern  drama,  of  politics  and  even  of 
philosophy. 

FAGUS,  the  typical  genus  of  the  Beech 
family  (Fagacca).  The  genus  has  five  species, 
natives  of  the  northern  hemisphere,  only  one 
of  which,  the  common  beech  (ft,  Americana), 
is  native  to  the  United  States.  All  the  species 
are  trees  with  smooth  gray  bark  and  serrate 
leaves,  the  flowers  and  leaves  appearing  to- 
gether. The  name  is  from  the  Greek,  to  eat, 
referring  to  the  edible  nuts.   Sec  Beech. 

FAHAKA,  an  edible  globe-fish  (Tctraodon 
fahaka),  singular  in  inhabiting  the  fresh 
of  the  Nile. 


FA  HIEN,  fa  he-in',  Chinese  monk  and 
explorer:  he  was  born  in  Wu-Yang,  province 
of  Shan-si,  in  the  4th  century,  a.d.  In  the  15 
years  from  399  to  414  he  traveled  in  India, 
Khotan  and  Tibet  in  the  company  of  other 
Chinese  pilgrims  to  the  great  Buddhist  festivals. 
He  penetrated  Kashmir,  Kabul,  Kandahar,  the 
Punjab  and  central  India.  In  all  he  spent  10 
years  in  India  in  quest  of  information  about 
Buddhism  and  its  founder.  He  also  sought 
complete  texts  of  the  ' Vinaya-pitaka.'  He 
went  to  Ceylon  and  there  copied  other  sacred 
texts.  From  Ceylon  he  journed  to  Java,  whence 
he  re-entered  his  native  country.  His  <Fo- 
kue-lri,'  written  after  his  return,  is  a  full  ac- 
count of  his  wanderings  in  the  Buddhist  coun- 
tries. This  work  appeared  in  a  French  trans- 
lation (Paris  1836)  and  in  English  by  Beal 
(2d  ed.,  London  1884),  Giles  (Shanghai  1877), 
and  Legge  (Oxford  1886).  Consult  Beazley, 
'Dawn  of  Modern  Geography*  (3  vols.,  Ox- 
ford 1904-06);  Giles,  'History  of  Chinese 
Literature'  (New  York  1901). 

FAHLCRANTZ,  falTtrants.  Christian  Erik, 
Swedish  divine  and  poet :  b.  Stora  Tuna,  Falun, 
1790;  d.  1866.  From  1839  to  1852,  in  conjunc- 
tion with  Almqfiist  and  Knos  he  issued  the 
Ecclesiastical  Journal.  He  wrote  several  polemi- 
cal works  and  also  several  long  poems.  He  was 
appointed  bishop  of  Westeras  in  1849.  His 
greatest  work  is  the  humorous  satire  'Noach's 
Ark»  (1826).  Consult  'C  E.  Fahlcranta: 
Samlade  Sknfter'  (7  vols.,  Oerebro  1866). 

FAHLCRANZ.  falTcrants,  Karl  Johann. 

Swedish  landscape-painter:  b.  Dalecarlia,  29 
Nov.  1774;  d.  Stockholm,  1  Jan.  1861.  Study- 
ing nature  diligently,  he  became  a  self-edu- 
cated artist.  He  was  acquainted  only  with 
northern  scenery,  but  has  given  it  with  great 
fidelity  and  spirit  His  pnncipal  productions 
are  in  the  possession  of  the  King  or  Sweden. 

FAHLMANN,  fal'man,  Friedrich  Robert, 

Russian  philologist:  b.  Esthonia,  1800;  d.  1850. 
At  the  University  of  Dorpat  he  studied  medi- 
cine and  philology  and  in  1842  was  appointed 
lecturer  on  the  Esthonian  language  at  that  seat 
of  learning.  He  collected  a  vast  amount  of 
material  which  he  edited.  His  biographer, 
Kreutzwald.  ouhlished  it  under  the  title  'Kale- 
viade>  or  'Kalevipoeg'  (1857-61). 

FAHNE,  fa'ne,  Anton,  German  historian: 
b.  Minister,  1805;  d.  1883.  At  Bonn  and  Berlin 
universities  he  studied  medicine,  law  and 
theology.  He  is  remembered  for  his  histories 
of  episcopal  sees,  cities  and  noble  houses  of 
Westphalia  and  the  Rhine  District.  They  in- 
clude 'Forschungen  aus  dem  Gebiet  der 
rheinischen  und  westfalischcn  Geschichte'  (5 
vols.,  1864-75)  ;  'Denkmalc  und  Ahncntafeln  in 
Rhcinland  und  Westfalcn'  (6  vols.,  1883)  ; 
'Lioland;  Ein  Beitrag  zur  Kirchen-und  Sitten- 
geschichte'  (1875). 

FAHRENHEIT,  fa'ren-hit.  Gabriel  Daniel. 
German  physicist:  b.  Dantzic,  14  May  1686;  d. 
Amsterdam,  16  Sept.  1736.  He  settled  in  Hol- 
land, where  in  1720  he  first  conceived  the  idea 
of  using  quicksilver  instead  of  alcohol  in 
thermometers  —  a  discovery  by  which  the  ac- 
curacy of  the  instrument  was  very  much  im- 
proved. He  took,  as  the  limit  of  the  greatest 
cold,  that  which  he  had  observed  at  Dantzic 
in  the  winter  of  1709.  The  space  between  the 
point  to  which  the  quicksilver  fell  at  this  tern- 
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pc rat u re.  and  that  to  which  it  rose  in  boiling 
water,  he  divided  into  212  parts.  About  1724 
he  discovered  the  fluctuation  of  the  boiling 
point  of  water,  which  he  had  made  one  of  the 
fixed  points  of  his  thermometer.  Fahrenheit's 
thermometer  owed  its  beginnings  to  the  inven- 
tion of  a  thermometer  by  Newton,  described  in 
the  'Philosophical  Transactions'  for  1701. 
Newton's  instrument  was  a  tube  filled  with  lin- 
seed oil,  and  the  starting-point  of  the  scale  was 
the  temperature  of  the  human  body,  which 
Newton  called  12.  Newton  divided  the  space  be- 
tween his  datum  and  the  freezing-point  of  water 
into  12  equal  parts,  and  stated  that  the  boiling- 
point  of  water  would  be  about  30  of  these  de- 
grees on  the  scale.  Fahrenheit,  when  he  began 
to  work  with  Newton's  thermometer,  did  not 
find  the  scale  minute  enough  for  his  purposes. 
He  therefore  first  doubled  the  number  of  de- 
grees, making  the  scale  number  24  instead  of 
12.  Finding  he  could,  by  mixing  ice  and  salt, 
obtain  a  temperature  below  fieezing,  Fahren- 
heit next  adopted  this  for  his  starting-point  and 
counted  24°  up  to  body  heat,  making  the  freez- 
ing-point 8  and  calling  boiling  water  53.  Later 
on  he  again  divided  his  degrees  into  four.  It 
will  be  seen  that  if  the  above  figures  arc  multi- 
plied by  four,  the  result  is  the  thermometric 
scale  called  after  him  which  is  still  in  use.  He 
was  elected  to  the  Royal  Society  of  London  in 
1724,  and  contributed  five  papers  on  physics  to 
the  'Transactions'  for  that  year. 

FAIDHERBE,  Louis  Leon  Cesar,  loo-e 
li-dri  sa-zar  fa-darb,  French  general  and  author: 
b.  Lille,  3  June  1818;  d.  Paris,  29  Sept.  1889. 
Entering  the  army  in  1840,  he  became  lieuten- 
ant in  1842.  From  1854  till  1861,  and  again 
from  1863  till  1865,  he  was  governor  of  Senegal, 
in  which  capacity  he  considerably  extended  the 
French  possessions  there.  After  the  fall  of 
Napoleon  III,  he  was  summoned  by  the  gov- 
ernment of  National  Defense  to  France  and  ap- 
pointed commander  of  the  army  of  the  nortn, 
and  at  Baupaume  and  Saint  Quentin  displayed 
military  ability  of  a  high  order.  In  the  latter 
part  of  his  life  he  went  on  a  mission  to  Egypt 
to  study  the  monuments  and  hieroglyphics.  He 
was  called  to  the  Senate  in  1879,  and  was 
Chancellor  of  the  Legion  of  Honor.  He  wrote 
valuable  monographs  on  Senegal,  the  Sudan 
and  other  parts  of  Africa,  including  'L'Avenir 
du  Sahara  et  du  Sudan'  (1863);  'Collection 
complete  des  inscriptions  Numidiques*  (1870); 
'Nouvclles  inscriptions  Numidiques'  (1872)  ; 
'Langucs  Senegalaises'  (1887)  ;  and  'Le  Sene- 
gal: la  France  dans  1  Afrique  Occidcntale' 
(1889).  On  the  Franco-German  War  he  pub- 
lished 'Campagne  dc  1'Armec  du  Nord  en  1870- 
71'  (1872). 

FAIENCE,  fa'ans',  spelled  also  formerly 
fayence  and  fayance.  Originally  this  term  was 
given  to  designate  the  opaque  tin-enameled 
ware  made  in  France  which  came  into  being  by 
imitating,  first  at  Nevers  (1600),  the  Italian 
majolica.  (See  Majolica).  A  long  mooted 
point  is  whether  the  term  is  derived  from  the 
Italian  town  Facnza  or  from  Faience,  in 
France.  The  term  was  later  used  to  express 
any  tin-enameled  ware,  such  as  Delft  (sec 
Dh.it  Faience)  and  those  made  in  imitation 
elsewhere.  It  has  at  last  become  the  term  for 
any  art  pottery,  hence  takes  in  majolica,  Persian 
lustre  pieces,  Hispano-Moresque,  and  even  the 


lightly  glazed  *Henri  Deux*  (see  Saint 
Porch  aire)  ware,  Wedgwood  (see  Wedg- 
wood), Palissy  (see  Palissy)  ;  and  the  modern 
f elspathic  art-decorated  "stone  china,0  etc,  have 
been  termed  faience  fine,  or  faience  anglaise. 
Among  connoisseurs  the  word  faience  is  still, 
generally,  considered  to  define  a  soft,  porous 
bodied  earthenware  covered  with  opaque  tin- 
enamel  and  decorated  in  colors.  This  takes  in 
the  following  factories: 

Of  16th  century  fabriques  in  France  the 
earliest  was  Nevers  (the  Conrades),  to  be  fol- 
lowed by  Rouen  (see  Rouen),  Palissy  ware; 
Lyons,  Beauvais,  Rennes.  Outside  France, 
Hirschvogel  was  working  in  Nuremberg; 
Talavera  (Spain)  and  Delft  (see  Delft  Fai- 
ence) were  active  centres  of  faience.  In  the 
17th  and  18th  centuries  the  following  factories 
(among  others)  were  added:  Paris  (Claude 
Reverend),  Saint  Cloud  (the  Chicaneaus), 
Bordeaux,  Clermont-Ferrand,  Sceaux-Pen- 
thievre  (Chapelle),  Sinceny.  Strassburg  and 
Haguenau  (the  Hannongs),  Moustiers  (see 
Mo  ushers),  Marseilles  (the  Clerissys,  Savy, 
Viry,  etc.),  Nidervillcr  (Lemire),  Luneville 
(Cyfn£),  Sarreguimines,  Aprey  (Ollivier), 
Lille  ( Boussemaert ) ,  Saint  Denis,  Apt,  La 
Rochelle,  Valenciennes,  Bourg-la-Reine,  Vara- 
ges,  Rubelles,  Orleans,  Saint  Amand-les-Eaux, 
Desvres,  Aire,  Saint  Omer,  Chantilly,  Creil, 
Saint  Paul,  etc.  French  ceramists  of  note  for 
decorative  wares  in  modern  times  are  Deck, 
Boulenger,  Guidan,  Optat  Millet,  Ulysse  de 
Blois,  Parvillee,  Haviland,  etc. 

Faience  Fine. —  When  Astbury  or  Heath 
(undecided  which),  in  England,  discovered 
(1720)  the  use  of  ground  flint  (silica)  to  give 
a  white  slip  coating  to  the  colored  local  clays, 
they  were  enabled  to  make  a  ware  similar  in 
appearance  to  Delft;  but  the  slip  did  not  fuse 
and  a  glaze  had  to  be  added  The  noted 
'cream-colored*  body  (see  Pottery)  soon  de- 
veloped and  revolutionized  pottery  making  the 
world  over.  "China  clay*  and  "china  stone* 
(felspar  clays)  added  to  the  flint  produced  a 
perfectly  white  hard  body,  and  the  English 
had  the  faience  fine  or  faience  anglaise  that 
put  an  end  to  making  coated  or  enamelled 
wares.  It  is  the  *standard»  body  used  univer- 
sally to  this  day. 

Bibliography. — Azam,  Dr.,  <Les  anciennes 
Faiencerics  de  Bordeaux'  (Bordeaux  1880) ; 
Aussant,  M.  J.,  'Fabrique  de  potcries  artis- 
tiqucs  a  Fontenay,  pres  de  Rennes,  au  XVI  et 
XVII  siccles'  (Rennes  1900);  Barber.  E.  A.. 
'Tin  enamelled  Pottery,  Majolica,  Delft  and 
other  stanniferous  Faience'  (Philadelphia 
1906);  Barbicr.  V.,  'Poterie  de  la  Savoie' 
(Chambery  1875);  Burton.  W.,  'A  History 
and  Description  of  the  Old  French  Faience' 
(New  York  preface  1903)  :  Cavalucci  and  Mol- 
ier,  E.,  'Les  Delia  Robbia'  (Paris  1884); 
Cohendry,  M.,  'Ceramique  Arverne'  (Cler- 
mont-Ferrand) ;  Dangibeaud,  C,  'Notices  sur 
les  potiers  et  les  faienciers  de  la  Saintonge' 
(Saintes  1884)  ;  Davillier,  J.  C,  'Histoires  des 
Faiences  de  .  .  .  Marseilles  et  autres  fabriques 
meridionals'  (Paris  1863) ;  Despierres,  G., 
'Histoire  de  la  Faience  de  Saint- Denis-sur- 
Sarthon'  (AlenQon  1889) ;  du  Monceau,  Du- 
harael,  'L'Art  du  poticr  de  terre'  (in  'La 
Grande  Encyclopedic,'  Paris  1773) ;  Fiefle, 
<La    Faience    patronomique  .  .   .  dans  la 
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Ceramique  nivcrnaise*  (Clamccy  1901);  Fll- 
lon,  B.,  'L'Art  de  Tcrre  chez  les  Poitevins' 
(Niort  1864);  Foville,  J.  de,  'Les  Delia  Rob- 
bia>  (Paris  1910);  Forestie,  E,  <Les  anciennes 
faienceries  dc  Montauhan,  Ardus,  Ncgrcpelisse, 
Auvillar,  etc.'  (Montauban  1876)  ;  Fraisse,  du, 
de  Vernincs,  'Parallele  des  Oeuvragcs  de  Po- 
icrie  d'Auvergnc,  anciens  ct  moderncs'  (Paris 
1874);  Frantz,  H.,  'French  Pottery  and  Porce- 
lain' (London  1906);  Gasnault,  P.,  and  Gar- 


.vr,  E.,  'French  Pottery'  (London  1884); 
Gerspach,  'Documents  sur  les  anciennes 
faiencerics  franchises'  (Paris  1891)  ;  Grange, 
G.,  'Histoire  dc  la  manufacture  dc  faience  de 
Clermont-Ferrand'  (Clermont-Ferrand  1882)  ; 
Grasset,  'Ilistorique  de  la  Faienceric  de  La 
Charite-sur-Loire'  (Paris  1876)-  Houdry,  J., 
'Histoire  de  la  ceramique  lilioise'  (Paris 
1869);  Joly,  A.,  'Paul-Louis  Cyffle'  (Nancy 
1864)  ;  Lambert,  G.,  'Traite  pratique  de  la 
fabrication  des  faiences  fines'  (Paris  1865)  ; 
L'Aulnoit,  H.  de,  'Essai  de  la  Faience  dc 
Douai,  dites  Gres  Anglais'  (Lille  1882)  ;  Leader- 
Scott,  'Delia  Robbia  and  other  Sculptors' 
(London  1883)  ;  Lejeal,  A.,  'Rccherchcs  his- 
toriques  sur  les  manufactures  de  faience  et  de 
porcelain  dc  Valenciennes'  (Valenciennes 
1868) ;  Lc  Men,  R.  F.,  'La  manufacture  de 
faience  dc  Quimpcr'  (Quimper  1875)  ;  Lochc, 
Comte  de,  'Notice  stir  la  fabrique  de  faience 
de  la  Forest'  (Chambery  1880):  Mareschal, 
A.  A.,  <La  faience  poputaire  du  XVIII  siecle' 
(Paris  1872)  ;  Michel,  E..  'Essai  sur  Ihistoire 
des  faiences  dc  Lyon'  (Lyons  1876)  ;  Musset, 
G.,  'Les  faiences  rochelaises'  (La  Rochellc 
1888)  ;  Pier,  G.  C.  'Pottery  of  the  Near  East' 
(New  York  1909)  ;  Solon,  L.  M.  E.,  'A  His- 
tory- and  Description  of  Old  French  Faience' 
(London  1903)  ;  Tainttirier,  A.,  'Rccherchcs 
sur  les  anciennes  manufactures  de  porcelain 
et  de  faience  d* Alsace  et  dc  Lorraine'  (Strass- 
burg  1868)  ;  Thore,  'Les  anciennes  fab  nqucs 
dc  faience  et  dc  porctlaine  .  .  .  de  Sceaux' 
(Paris  1868);  Vailliant,  V.  J..  «Lcs  ceramistcs 
boulonnais'  (Boulogne  1899)  ;  W'allis,  H., 
'Persian  Lustre  Vales'  (London  1899)  ;  War- 
mont,  'Rccherchcs  histnnqucs  sur  les  faiences 
de  Sinccny,  Rouy  et  Ogncs'  (Paris  1864). 

Ct-F.MENT  W.  COUMBK. 

FAILLON,  Michel  Etienne,  me-shel  a-te-en 
fa-yon,  French  historical  writer:  b.  Tarascon, 
France,  1799;  d.  Paris.  25  Oct.  1870.  He  was  a 
Sulpician  and  visited  Canada  in  1854  to  investi- 
gate the  houses  of  that  order.  He  wrote  lives 
of  noted  French-Canadian  religionists  such  as 
Mme.  d'Youville  (1852);  and  Mile.  France 
(1854)  ;  a  history-  of  the  Church  in  North 
America  (1853),  and  a  comprehensive  history 
of  the  French  in  Canada,  three  volumes  of 
which  appeared  (1865-66)  before  his  death. 
His  'Life'  was  published  at  Paris  in  1877. 

FAILLY.  fa'yc',  Pierre  Louis  Charles  de, 

French  solder:  b.  Rozoy-sur-Serre,  1810;  d. 
1892.  He  received  his  military  training  at 
Saint-Cyr  and  after  graduation  joined  the  army 
in  Algeria.  At  the  outbreak  of  the  Crimean 
War  he  was  gazetted  brigadier-general.  He 
was  a  division  commander  in  Italy  in  1859  and 
took  part  in  the  battles  of  Magenta  and  Sol- 
ferino  In  November  1867  he  defeated  Gari- 
baldi at  Mcntana.  At  the  beginning  of  the 
war  with  Prussia  in  1870  the  emperor  appointed 
him  commander  of  the  Fifth  Army  Corps.  At 


Beaumont  on  30  Aug.  1870  he  commanded  the 
right  wing  of  McMahon's  army,  but  was  forced 
to  retreat,  leaving  McMahon's  right  unpro- 
tected and  resulting  in  his  retreat  being  cut  off. 
The  direct  result  was  the  capitulation  after 
Sedan,  and  an  immediate  consequence  to  Failly 
was  his  removal  and  WimprTen  s  succession  to 
his  post.  In  'Campagne  de  1870:  Operations 
et  marche  du  5eme  Corps  iusqu'au  31  aout' 
(1871)  he  defended  his  conduct  of  operations. 

FAILSWORTH,  England,  town  in  Lan- 
cashire, four  miles  north  by  east  of  Manchester, 
on  the  Lancashire  and  Yorkshire  Railway. 
Cotton  manufacturing  is  the  principal  industry. 
The  electric-lighting  and  tramway  services  are 
supplied   from  Manchester.    Pop.  15,098. 

FAILURE.   Sec  Bankrupt. 

FAIN,  fan',  Agathon  Jean  Francois, 
Baron,  French  historian:  b.  Paris  1778;  d. 
1837.  In  1806  he  became  secretary  of  the  Im- 
perial archives,  three  years  later  was  created 
baron  and  in  1813  became  private  secretary  to 
Napoleon  I.  He  served  the  Emperor  faithfully 
until  1815  and  drew  up  the  papers  of  abdica- 
tion. In  1830  Fain  was  appointed  first  secre- 
tary of  the  Cabinet  and  served  three  years  as 
deputy  from  Montargis  in  1834  37.  He  pub- 
lished several  memoirs,  including  'Manuscrit  de 
1814,  contenant  l'histoirc  des  six  dernicrs  mois 
du  regne  de  Napoleon'  (1821;  4th  ed.,  1906); 
'Manuscrit  dc  1813'  (2d  cd.,  1825);  'Manuscrit 
de  1812'  (2  vols.,  1827);  'Manuscrit  de  Tan 
III'  (1828).  His  'Memoircs'  were  published 
in  1908. 

FAINEANTS,  fa-na-an,  or  DO-NOTH- 
ING KINGS,  the  name  given  in  French  history 
to  some  of  the  Merovingian  sovereigns,  who 
were  the  puppets  of  the  mayors  of  the  palace. 
The  last  of  these  kings  was  Childcric  III. 

FAINT  (syncope),  a  peculiar  form  of  sud- 
den loss  of  consciousness.  Impoverishment  of 
the  blood,  lowered  vitality  from  any  cause,  an 
overwrought  nervous  system  and  disease  of 
the  circulatory  system  predispose  to  such  at- 
tacks. The  immediate  cause  is  an  anaemia  of 
the  brain.  This  sudden  cerebral  anaemia  is  most 
frequently  due  to  shocking  sights,  sickening 
smells,  pains  or  fears.  The  attack  may  be  ush- 
ered in  bv  a  period  of  nausea,  sighing  respira- 
tion, or  "faint  feeling."  Immediate  lowering  of 
the  head  below  the  rest  of  the  bodv  will  fre- 
quently ward  off  further  trouble.  Most  com- 
monly the  attack  is  very  sudden,  the  face  be- 
coming absolutely  bloodless  and  having  a  death- 
like calm;  the  pulse  is  weak  or  imperceptible, 
the  breathing  very  shallow.  In  true  svneope 
spasms  arc  not  present,  neither  is  voiding  of  the 
urine  or  faxes.  Fatal  termination  is  rare,  con- 
sciousness ordinarily  being  restored  in  a  few 
moments  if  prompt  measures  are  taken.  The 
patient  must  be  placed  in  a  recumbent  position, 
with  the  head  as  low  or  lower  than  the  rest  of 
the  body;  constricting  clothing  should  be 
loosened;  and  water  may  be  slapped  on  ex- 
posed parts.  Smelling-salts  held  to  the  nose 
are  of  value.  Later  mild  stimulants  may  be 
used  to  restore  normal  condition ;  but  resump- 
tion of  vertical  position  should  be  postponed  as 
long  as  practicable. 

FAIOUM,  or  FAYOUM.    Sec  Fayum. 

FAIR,  James  Graham,  American  capitalist : 
b.  near  Belfast,  Ireland,  3  Dec.  1831;  d.  San 
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Francisco.  28  Dec.  1894.  He  emigrated  to 
America  in  1843  and  went  to  California  in  the 
famous  '49  year.  He  amassed  great  wealth  by 
mining  in  Nevada,  to  which  he  went  in  I860. 
He  served  from  1881-85  as  a  Democratic  repre- 
sentative from  Nevada  to  the  United  States 
Senate. 

FAIR  GOD,  Mexican  traditional  lirro  and 
culture  god.  Ste  Qlf.tzalcoatl  ;  Mexican 
Mythology;  Yucatan;  Uxmal. 

FAIR  GOD,  The,  a  romance  by  Lew  Wal- 
lace 1873.  It  is  a  story  of  the  conquest  of 
Mexico  by  the  Spaniards,  its  scene  laid  upon 
A/tec  soil,  in  the  early  part  of  the  16th  cen- 
tury. The  title  is  derived  from  Quctzalcoatl. 
"the  fair  god,"  the  Aztec  deity  of  the  air. 

FAIR  HAVEN,  Mass.,  town  in  Bristol 
County  on  Buzzard's  Bay,  at  the  mouth  of  the 
Acushnct  River  and  on  the  New  York,  New 
Haven  and  Hartford  Railroad,  60  miles  south 
of  Boston  and  opposite  New  Bedford,  with 
which  it  is  connected  by  bridges.  Here  are  the 
Millicent  Public  Library,  the  Academy  of  the 
Sacred  Heart,  several  banks,  churches  and  other 
public  buildings.  It  has  manufactories  of  glass, 
castings,  nails,  loom  cranks,  whale  boats,  oil 
casks  and  tacks.  Many  buildings  of  architec- 
tural merit,  which  render  Fair  Haven  one  of 
the  most  attractive  towns  of  the  State,  were 
erected  by  Henry  H.  Rogers  (q.v.)  as  memo- 
rials to  members  of  his  family.  One  architec- 
tural group,  a  fine  example  of  Tudor  archi- 
tecure,  consisting?  of  a  church  and  two  other 
buildings,  is  considered  a  model  of  beauty. 
The  town  is  a  summer  resort.  The  government 
is  administered  by  town  meetings.  Fair  Haven 
was  separated  from  New  Bedford  and  incor- 
porated as  a  town  in  1812.  On  7  Sept.  1778. 
ihe  militia,  commanded  by  Maj.  Israel  Fear- 
ing, repulsed  a  British  attack  here.  Pop.  5.122. 
Consult  Rickctson,  <The  History  of  New  Bed- 
ford1 (New  Bedford  1858). 

FAIR  HAVEN,  V't.,  town  of  Rutland 
County.  30  miles  cast  of  Rutland,  on  the  Dela- 
ware and  Hudson  Railroad.  It  has  a  Carnegie 
library  and  extensive  slate  manufactories.  The 
town  owns  the  waterworks  and  sewerage  sys- 
tem. It  received  its  charter  in  1783,  at  which 
time  it  included  West  Haven.    Pop.  3.095. 

FAIR  HAVENS  (Gr.  A"«>«  A^.ic,  Kalot 
Limenes),  an  anchorage  on  the  southern  coast 
of  Crete,  five  miles  east  of  Cape  Litino.  It  is 
of  small  size  and  amply  sheltered  from  western 
winds.  The  only  mention  of  it  by  ancient 
writers  is  that  by  Paul  (Acts  xxvii,  8).  whose 
well-known  shipwreck  occurred  after  departure 
from  Fair  Havens  for  Phenice  or  Phoenix.  It 
is  probable  that  there  was  no  town  at  that 
point,  although,  as  stated  in  Acts,  Lasea  was 
but  a  short  distance  away. 

FAIR  HEAD,  or  BENMORE,  a  precini- 
tous  promontory  of  the  north  coast  of  county 
Antrim,  Ireland,  opposite  Rathlin  Isle.  It  rise's 
636  feet  above  the  sea  and  consists  of  carbon- 
iferous strata,  overlaid  bv  greenstone  columns, 
20  to  30  feet  thick  and  280  to  320  feet  high 

FAIR  ISLE,  a  solitary  Shetland  i>lat<d  ly- 
ing midway  between  Shetland  and  Orkney,  and 
30  miles  southwest  of  Lerwick.  It  is  three 
miles  long  and  two  miles  broad.  The  men  em- 
ploy themselves  chiefly  in  fishing  and  the  women 
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in  knitting  the  well-known  Shetland  hosiery. 
They  are  said  to  have  acquired  this  art  from 
the  Spanish  seamen  whose  ship,  belonging  to 
the  Armada,  was  wrecked  here  in  1588.  Pop. 
139. 

FAIR  MAID.    See  Son-. 

FAIR  MAID  OF  PERTH,  The,  a  novel 
by  Sir  Walter  Scott,  published  in  1828.  The 
heroine  is  Catherine  Glover. 

FAIR    OAKS    AND  DARBYTOWN 
ROAD,  Engagement  at  (Second  Battle  of 
Fair  Oaks).    On  27  Oct.  1864.  General  Grant 
began  a  movement  on  the  Petersburg  lines  to 
seize  the  South-side  Railroad,  and  as  a  sup- 
port to  the  movement  had  ordered  General 
Butler  to  make  a  demonstration  north  of  James 
River  on  Richmond.    Parts  of  three  divisions 
of  the  Tenth  Corps  under  General  Terry,  six 
br  gades  of  the  Eighteenth  Corps  under  General 
Weitzel  and  General  Kautz's  cavalry  division, 
were  designated  for  the  movement.    Terry  was 
to  make  a  demonstration  along  the  Darbytown 
Road,  under  cover  of  which  Weitzel  was  to 
push  through  White  Oak  Swamp  to  reach  the 
Williamsburg  road  and  seriously  threaten  Rich- 
mond.   The  columns  started  from  camps,  near 
Chaffin's  farm,  very  early  on  27  October.  Terry 
reached  the  Darbytown  Road,  a  part  of  his 
command  crossed  over  to  the  Charles  City  Road 
and  advancing  on  bofh  roads,  a  little  before 
8  a.m.  engaged  the  Confederates  in  their  en- 
trenchments from  the  New  Market  Road  to  the 
Charles  City  Road.    Weitzel,  after  a  march  of 
16  miles,  crossing  both  the  Darbytown  Road 
and  Charles  City  Road,  at  1  p.  M.  reached  the 
W  illiamsburg  Road  at  Heintzclman's  old  works, 
on  the  battlefield  of  31  May  1862,  and  pushed  at 
once  down  the  road  one  and  a  half  miles  toward 
Richmond,  and  came  upon  the  Confederate 
works  which  appeared  to  be   feebly  held  by 
a  small  body  of  dismounted  cavalry  and  three 
guns.    Weitzel  prepared  to  attack,  first  sending 
a    brigade    of    colored    troops    across  the 
York  River  Railroad  to  find  and  turn  the 
Confederates'  left  near  the  New  Bridge  Road. 
The  defenses  north  of  the  James  were  held  by 
General  Longstrcct.  with  the  divisions  of  Gen- 
erals  Hoke  and   Field,  some  "local  defense" 
troops  under  General  Ewell,  and  General  Gary's 
cavalry  brigade.    These  were  posted  with  ref- 
erence to  defense  along  the  river  roads.  As 
soon  as  Longstrcet  detected  Weitzel's  movement 
he  ordered  Field's  division  to  move  to  the  left 
and  it  formed  on  either  side  of  the  Williams- 
burg Road.   It  was  3.30  p.m.  when  Weitzel,  with 
two  brigades  and  others  in  support,  advanced 
on  either  side  of  the  road,  over  open  ground, 
and  was  met  with  an  unexpected  heavy  fire  of 
musketry   and   artillery.     His   troops  almost 
reached  the  works,  but  were  repulsed  with  a 
severe  loss  in  killed,  wounded  and  missing. 
Soon  after  dark  Weitzel  withdrew  after  losing 
over  1,000  men.    While  Weitzel  was  engaged, 
Terry,  at  4  p.  m„  was  ordered  to  press  his 
demonstration  and  carry  the  entrenchments.  He 
made  the  attempt  and  was  repulsed.    On  the 
next  day  the  expedition  returned  to  camp.  The 
Union  loss  was  905  killed  and  wounded  and 
6(JS  missing.    The  Confederate  loss  was  com- 
paratively small;   Field's  division  and  Gray's 
brigade  reported  64  killed,  wounded  and  miss- 
ing.   The  entire  loss  probably  did  not  exceed 
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100.  Consult  Humphrey.  <The  Virginia  Cam- 
paign of  1864-65.  > 

E.  A.  Carman. 

PAIR  OAKS  (SEVEN  PINES),  Battle 

of.  After  the  battle  of  Williamsburg  (5  May 
1862)  the  Army  of  the  Potomac,  under  General 
McClellan,  advanced  cautiously  up  the  Penin- 
sula, established  a  base  at  White  House  and 
20  May  his  advance  crossed  the  Chickahominy 
at  Bottom's  Bridge,  and  the  entire  Fourth 
Corps  under  Gen.  E.  D.  Kcyes  crossed  on  the 
23d,  taking  position  25  May  at  Seven  Pines,  on 
the  main  road  to  Richmond,  about  five  miles 
distant.  The  Third  Corps,  under  Gen.  S.  P. 
Hcintzclman,  crossed  25  May.  This  left  on  the 
north  bank  the  Second,  Fifth  and  Sixth  Corps, 
commanded  respectively  by  Gens.  E.  V.  Sum- 
ner, Fitz  John  Porter  and  Wm.  B.  Franklin. 
McClellan  began  to  rebuild  destroyed  bridges 
and  to  perfect  communication  between  the  two 
wings  of  his  army  astride  the  Chickahominy. 
The  movements  of  McClellan  north  of  the 
Chickahominy  and  information  from  his  cav- 
alry convinced  Gen.  Joseph  E.  Johnston,  the 
Confederate  commander,  that  General  Mc- 
Dowell with  a  strong  corps  was  about  to  join 
McClellan  from  Fredericksburg,  upon  which, 
28  May,  he  ordered  up  General  Huger's  divi- 
sion from  Petersburg  and  Drewry's  Bluff  and 
suggested  to  General  Lee  that  every  available 
command  should  be  concentrated  at  Richmond. 
On  25  May  General  Casey's  division  of  the 
Fourth  Corps  advanced  from  Seven  Pines  to 
Fair  Oaks,  about  three- fourths  of  a  mile,  and 
threw  up  works  covering  the  road,  and  on  30 
May  two  brigades  of  Kearny's  division,  Third 
Corps,  were  advanced  about  a  fourth  of  a  mile 
in  front  of  Savage  Station  to  within  support- 
ing distance  of  Casey.  General  Couch's  divi- 
sion. Fourth  Corps,  was  at  Seven  Pities  and 
General  Hooker's  division,  Third  Corps,  on  the 
border  of  White  Oak  Swamp.  Johnston,  from 
his  works,  three  miles  in  front  of  Richmond, 
watched  McClellan's  cautious  advance.  A  rccon- 
noissancc  30  May  developed  the  fact  that  Kcyes 
had  advanced  his  lines  to  Fair  Oaks;  Johnston 
saw  his  opportunity  and  issued  orders  for  an 
attack  next  day.  The  Army  of  the  Potomac, 
31  May,  had  127,166  officers  and  men,  of  whom 
98,008  were  present  for  duty,  and  it  had  280 
guns.  Johnston  had  about  63,000  effectives 
and  was  not  well  supplied  with  artillery.  John- 
ston purposed  to  throw  23  of  his  27  brigades 
against  Keyes  and  Heintzclman  and  with  four 
brigades  along  the  line  of  the  river  from  New 
Bridge  to  Meadow  Bridge  prevent  the  rest  of 
McClellan's  army  from  crossing  the  stream. 
He  purposed  to  move  the  23  brigades  by  the 
Charles  City,  Williamsburg  and  Nine  Mile 
roads,  crush  Kcyes'  corps  and  drive  it  back  in 
disorder  on  Heintzclman  and  capture  or  des- 
troy those  two  corps  before  any  assistance 
could  reach  them  from  the  north  hank  of  the 
stream.  There  was  some  misunderstanding  of 
orders  on  the  morning  of  the  31st  and  much 
consequent  delay,  but  at  noon  Gen.  D.  H.  Hill's 
division  of  four  brigades  deployed  in  double 
line  on  either  side  of  the  Williamsburg  Road, 
advanced  on  Casey's  division  at  Fair  Oaks  and 
after  a  severe  fight  of  two  hours  drove  it  back 
upon  Couch's  division  at  Seven  Pines.  Hill 
now  received  a  reinforcement  of  one  brigade, 
and  two  brigades  of  Kearny's  division  came  to 
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the  assistance  of  Couch  and  Keyes,  and  the 
struggle  was  renewed  at  Seven  Pines,  with  the 
result  that  the  entire  Union  force  was  driven 
back  to  a  line  of  entrenchments  about  a  mile 
in  the  rear,  which  position  was  held.  Three 
Union  divisions  had  been  engaged  and  suffered 
severely,  and  a  part  of  Couch's  division  had 
been  cut  off.  Gen.  G.  W.  Smith,  with  several 
Confederate  brigades,  was  observing  the  Chicka- 
hominy. under  orders  to  engage  any  troop  that 
mi^ht  cross  the  stream  to  assist  Kcyes  and 
Hcintzclman,  or,  if  none  came,  he  was  to  fall 
upon  the  right  flanks  of  the  Union  lines  en- 
gaged. After  waiting  some  time  and  believing 
that  no  Union  troops  would  cross  to  the  south 
bank  of  the  stream,  Smith  put  some  of  his 
troops  in  motion  to  make  the  flank  attack,  but 
it  miscarried  from  the  timely  arrival  of  Sumner 
on  the  south  bank  of  the  Chickahominy.  Sum- 
ner, who  was  nearest  Keyes  and  Hcintzclman, 
heard  the  sound  of  battle  at  1  o'clock  and  was 
at  once  in  the  saddle  and  ordered  his  troops 
under  arms.  A  little  later  orders  came  from 
McClellan  that  he  should  be  prepared  to  march 
at  a  moment's  notice.  Without  waiting  another 
moment  he  marched  his  two  divisions  to  the 
Chickahominy  and  paused  upon  the  two  bridges, 
waiting  orders  to  cross  them.  At  2.30  p.m. 
the  order  came  to  cross.  Richardson  could  get 
but  one  brigade  of  his  division  over  the  lower 
bridge  and  was  obliged  to  move  up  and  follow 
Sedgwick's  division  over  the  Grapevine  Bridge, 
which  swayed  and  tossed  in  the  river.  But  the 
solid  colum  of  Sedgwick's  infantry,  loading  it 
with  a  weight  with  which  even  the  angry 
Chickahominy  could  not  trifle,  soon  pressed  and 
held  it  down  among  the  stumps  of  the  trees, 
which  in  turn  prevented  its  lateral  motion.  Once 
across,  Sumner  pressed  forward  on  the  road, 
deep  with  mud,  toward  Fair  Oaks,  and  came  up 
to  Couch,  who  with  four  regiments  and  a  bat- 
tery had  been  cut  from  his  division  and  was 
holding  ground  about  a  half  mile  from  Fair 
Oaks,  with  Smith  approaching  to  make  his  flank 
attack.  But  four  of  Sumner's  rcg.ments  had 
formed  on  Couch  when  Smith  attacked,  two 
more  soon  followed,  and  these  six  regiments, 
with  Couch's  checked  all  efforts  of  Smith's  four 
brigades  to  dislodge  them  and  saved  the  day  at 
Fair  Oaks.  Richardson's  division  came  up  at 
nightfall  and  formed  on  Sedgwick's  left  extend- 
ing toward  a  brigade  of  Hcintzelman's  corps, 
while  Hooker  coming  to  the  support  of  the  de- 
feated troops  on  the  Williamsburg  road  filled 
vacant  spaces  in  the  line.  There  were  now  three 
corps  across  the  Chickahominy  in  continuous 
order,  ready  for  action  when  day  should  dawn. 
Near  the  close  of  the  day  General  Johnston,  the 
Confederate  commander,  was  severely  wounded 
and  relinquished  command  to  Gen.  G.  W.  Smith. 
On  the  morning  of  1  June,  the  Union  army 
awaited  attack,  which  was  delivered  by  the  Con- 
federates, and  on  some  parts  of  the  line  the 
fighting  was  severe,  but  the  advantage  remained 
with  the  Union  troops,  who  regained  most  of 
the  ground  lost  the  previous  day.  On  1  June 
Gen.  R.  E.  Lee  was  placed  in  command  of  the 
Army  of  Northern  Virginia,  but  did  not  take 
direction  of  affairs  on  the  field  until  the  fighting 
was  over,  and  2  June  withdrew  to  the  fortifi- 
cations around  Richmond  from  which  Johnston 
had  advanced  31  May.  The  Union  forces  en- 
gaged at  Fair  Oaks  numbered  about  36,000; 
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the  Confederates  about  32.000.  The  Union  loss 
was  4,384  killed  and  wounded  and  647  missing ; 
the  Confederate  loss  was  5,729  killed  and 
wounded  and  405  missing.  Consult  Alexander, 
'Military  Memoirs  of  a  Confederatc>  (1907); 
Allan,  'The  Army  of  Northern  Virginia  in 
1862';  'Battles  and  Leaders  of  the  Civil  War' 
(Vol.  II);  McClellan,  'My  Own  Story'; 
Michie,  'Life  of  General  McClellan';  'Official 
Records'  (Vol.  XI);  Walker,  'History  of  the 
Second  Army  Corps';  Webb,  'The  Peninsula.1 

E.  A.  Carman. 

FAIR  ROSAMOND,  the  common  appel- 
lation of  the  daughter  of  Lord  Clifford,  who 
became  mistress  of  Henry  II.  A  popular  legend 
says  she  was  kept  by  the  king  in  a  bower  at 
Woodstock,  which  was  reached  by  a  labyrinthine 
passage,  known  only  to  the  king.  The  legend 
adds  that  in  1173  Queen  Eleanor  discovered  and 
poisoned  the  fair  Rosamond. 

FAIR  SIDEA,  The,  a  play  of  Jakob  Ayrer, 
which  by  some  is  considered  the  source  of 
Shakespeare's  'Tempest.' 

FAIR  TRADE,  an  expression  used  in  Great 
Britain  by  those  who,  professing  to  be  free 
traders  and  objecting  to  the  free  trade  fiscal 
policy  of  that  country  as  a  one-sided  business, 
would  tax  goods  imported  from  any  country 
which  refuses  to  give  reciprocal  concessions  to 
British  exports.  Free  traders  consider  this  view 
as  protectionist.  They  hold  that  if  they  can 
import  goods  cheaper  from  a  protectionist 
country  than  elsewhere,  they  should  be  free 
to  reap  that  advantage  even  if  they  cannot  ex- 
port their  own  goods  to  that  country  free  of 
duty.    See  Free-trade. 

FAIRBAIRN,  Andrew  Martin,  English 
theologian :  b.  near  Edinburgh,  4  Nov.  1838 ;  d. 
9  Feb.  1912.  After  ministering  in  charges  of 
the  Scottish  Evangelical  Union,  he  was  ap- 
pointed in  1877  to  the  principalship  of  Airedale 
Independent  College,  Bradford;  and  was  the 
first  principal  of  Mansfield  (Congregational) 
College,  Oxford,  1886-1909.  His  most  im- 
portant works  are  'Studies  in  the  Philosophy 
of  Religion  and  History'  (1876)  ;  'Studies  in 
the  Life  of  Christ'  (1881)  :  'The  City  of  God' 
(1882);  'Religion  in  History  and  in  Modern 
Life'  (1884)  ;  'Christ  in  the  Centuries'  (1892)  ; 
'The  Place  of  Christ  in  Modern  Theology' 
(1893);  'The  Philosophy  of  the  Christian 
Religion'  (1902). 

FAIRBAIRN,  Patrick,  Scotch  Presbyterian 
clergyman:  b.  Hallyburton,  Berwickshire,  28 
Jan.  1805;  d.  Glasgow,  6  Aug.  1874.  He  re- 
ceived his  education  at  the  University  of  Edin- 
burgh. In  1826  he  was  licensed  to  preach 
and  served  as  pastor  in  the  Orkney 
Islands,  Bridgeton  in  Glasgow  and  Salton. 
In  1843  he  became  minister  of  the  Free 
Church,  remaining  in  Salton.  He  was 
professor  of  divinity  in  the  Free  College  of 
Aberdeen  1853-56,  and  from  1856  until  his 
death  principal  of  the  Free  Church  College  of 
Glasgow.  He  was  moderator  of  the  General 
Assembly  in  1865  and  a  member  of  the  Free 
Church  delegation  which  visited  the  United 
States  in  1867.  He  translated  several  works 
from  the  German  and  edited  'The  Imperial 
Bible  Dictionary'  <2  vols,  1866).  He  was  the 
author  of  several  volumes  including  'The 
Typology  of  Scripture'  (1845-^7;  new  cd.,  New 


D-  FAIRBANKS 

York  1900);  'Ezekiel  and  the  Book  of  His 
Prophecy'  (1851)  ;  'Prophecy  viewed  in  its  dis- 
tinctive nature,  its  special  functions  and  its 
proper  interpretation'  (1856);  <  Hermeneutical 
Manual'  (1858);  'Pastoral  Theology,'  with  a 
biographical  sketch  of  the  author  by  J.  Dodds 
(1875). 

FAIRBAIRN,  Sir  William,  Scottish  engi- 
neer: b.  Kclso(  Scotland,  19  Feb.  1789;  d.  18 
Aug.  1874.  His  father  was  a  farm  servant. 
He  entered  business  in  Manchester,  England, 
in  1817.  He  constructed  the  first  iron  ship  in 
Great  Britain  for  traffic  on  the  Forth  and  Clyde 
Canal,  and  afterward  his  firm  built  nearly  1.000 
vessels.  He  was  a  friend  of  George  Stephen- 
son, made  great  improvements  in  cotton  mill 
machinery,  was  the  inventor  of  a  rivctting 
machine  which  effected  a  revolution  in  the 
method  of  manufacturing  boilers,  and  was 
associated  with  Robert  Stephenson  in  designing 
and  building  the  great  tubular  bridge  over 
Menai  Strait.  He  was  created  a  baronet  in  1869. 
He  was  the  author  of  'Mills  and  Millwork* ; 
'Iron,  Its  History  and  Manufacture';  'Appli- 
cation of  Iron  to  Building  Purposes';  'Iron 
Shipbuilding' ;  'Useful  Information  for  Engi- 
neers';  'An  Experimental  Inquiry  into  the 
Strength.  Elasticity,  Ductility  and  other  Prop- 
erties of  Steel,'  etc.  Consult  his  'Life,'  edited 
by  Pole  (London  1877). 

FAIRBANK,  Calvin,  American  clergyman: 
b.  Pike,  X.  Y,  3  Nov.  1816;  d  Angelica.  N.  Y, 
12  Oct.  1898.  He  was  an  ardent  abolitionist, 
and  during  1837-39  aided  23  slaves  to  escape 
across  the  Ohio  River.  In  1843  he  raised  $2,2/5 
to  secure  the  liberty  of  a  nearly  white  slave  girl 
who  was  to  be  sold  at  auction  at  Lexington, 
Ky.  In  1844  he  opened  the  way  for  the  escape 
of  the  Haydcn  family,  for  which  offense  he 
suffered  five  years'  imprisonment.  Later  he 
was  again  detected  in  violation  of  the  Fugitive 
Slave  Law,  and  sentenced  to  15  years'  imprison- 
ment at  Frankfort,  where  he  was  cruelly 
treated,  receiving  about  35,000  lashes  on  his 
naked  body.  In  1864  he  was  set  at  liberty  after 
spending  more  than  17  years  in  jail.  He  pub- 
lished 'How  the  Way  Was  Prepared'  (in  which 
he  told  the  story  of  his  own  lite). 

FAIRBANKS,  Arthur,  American  teacher 
and  author:  b.  Hanover,  N.  H.,  1864.  He  was 
graduated  at  Dartmouth  College  in  1886,  and 
received  a  doctorate  from  Freiburg,  Germany. 
He  has  taught  at  Dartmouth,  Yale  and  Cornell, 
and  from  1900  to  1906  professor  of  Greek  liter- 
ature in  the  State  University  of  Iowa.  In  1907 
he  was  elected  director  of  the  Boston  Museum 
of  Fine  Arts.  Among  his  writings  is  an  'Intro- 
duction to  Sociology'  (1901),  which  has  been 
translated  into  Japanese;  'First  Philosophers 
of  Greece'  (1898);  'A  Study  of  the  Greek 
Psean'  (1900);  'The  Mythology  of  Greece 
and  Rome'  (1907)  ;  'Handbook  of  Greek  Reli- 
gion* (1910);  'Athenian  White  LekythoL) 
(Vol.  I.  1907;  Vol.  II.  1914). 

FAIRBANKS.  Charles  Warren,  Ameri- 
can lawyer  and  statesman :  b.  near  Unionville 
Centre,  Union  County,  Ohio,  11  May  18S2;  d. 
Indianapolis,  Ind.,  3  June  1918.  His  father  was 
a  Vcrmontcr  and  was  one  of  the  early  pioneers 
who  settled  in  the  West  in  the  middle,  30's  and 
helped  to  hew  out  of  the  wilderness  the  great 
Buckeye  State.    The  son's  earliest  life  was 
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spent  in  toil  on  the  farm.  He  attended  the  pub- 
he  school  in  the  neighborhood  until  his  15th 
year,  when  he  entered  the  senior  preparatory 
department  of  the  Ohio  Wesleyan  University  at 
Delaware,  Ohio,  where  he  was  graduated  in  1872. 
After  leaving  the  university  he  went  to  Pitts- 
burgh, Pa.,  as  Associated  Press  agent,  mean- 
while studying  law.  He  was  later  transferred 
to  the  Associated  Press  at  Cleveland,  Ohio, 
where  he  continued  bis  legal  studies  in  the 
Cleveland  Law  School,  until  he  was  admitted 
to  the  Supreme  Court  of  Ohio  in  1874,  and  in 
the  same  year  removed  to  Indianapolis,  Ind., 
where  he  began  the  practice  of  his  profession. 
He  took  an  active  interest  in  politics  but  sought 
no  public  office  until  he  was  elected  to  the  United 
States  Senate  in  1897.  He  was  chairman  of  the 
Indiana  State  conventions  in  1892,  1898  and  1914. 
In  1895  he  had  the  unanimous  complimentary 
vote  of  his  party,  which  was  in  the  minority, 
for  the  United  States  Senate.  He  was  elected 
to  the  United  States  Senate  30  Jan.  1897,  and  at 
the  expiration  of  his  term  was  re-elected,  hut 
resigned  4  March  1905  to  qualify  as  Vice-Pres- 
ident of  the  United  States,  to  which  office  he 
was  elected  on  the  ticket  with  Theodore  Roose- 
velt in  1904.  He  was  a  delegatc-at-largc  to  the 
Republican  National  Convention  at  Saint  Louis 
in  1896  and  was  temporary  chairman  of  the 
convention ;  a  delegatc-at-largc  to  the  Republi- 
can National  Convention  at  Philadelphia  in 
1900  and  was  chairman  of  the  Committee  on 
Resolutions ;  a  dclcgate-at-large  to  the  Republi- 
can National  Convention  at  Chicago  in  1904 
and  was  chairman  of  the  delegation ;  a  dclcgate- 
at-large  to  the  Republican  National  Convention 
at  Chicago  in  1912  and  was  chairman  of  the 
Committee  on  Resolutions.  He  was  appointed 
by  President  McKinlcy  a  member  of  the  United 
States  and  British  Joint  High  Commission 
which  met  in  Quebec  in  1898  for  the  adjustment 
of  the  Alaskan,  the  Fur  Seal  and  other  ques- 
tions growing  out  of  our  relations  with  Can- 
ada ;  he  was  chairman  of  the  American  commis- 
sioners. By  appointment  of  President  Roose- 
velt he  represented  the  United  States  at  the 
Tercentcnnary  Celebration  at  Quebec  in  1908. 
He  was  a  candidate  for  the  Republican  nomi- 
nation for  President  in  1908.  At  the  close  of 
his  term  as  Vice-President  in  company  with 
Mrs.  Fairbanks  he  made  a  tour  around  the 
world.  At  the  Republican  National  Conven- 
tion at  Chicago  in  June  1916  he  was  nominated 
for  Vice-President  of  the  United  States  on  the 
ticket  with  Charles  E.  Hughes.  He  has  re- 
ceived the  degree  of  LL.D.  from  Baker  Univer- 
sity. Ohio  State  University,  Ohio  Wesleyan 
University  and  Northwestern  University.  He 
was  a  member  of  the  board  of  trustees  of  the 
Ohio  Wesleyan,  DePauw  and  American  uni- 
versities and  president  of  the  Methodist  Hos- 
pital of  Indiana  and  the  Indiana  Forestry  Asso- 
ciation. He  was  a  member  of  the  Board  of 
Regents  of  the  Smithsonian  Institution. 

FAIRBANKS,  Henry,  American  inventor: 
b.  Saint  Johnsbury,  Vt  6  May  1830.  He  is  a 
son  of  Thaddeus  Fairbanks  (q.v.),  and  was 
graduated  at  Dartmouth  College  in  1853.  and  at 
Andover  Theological  Seminary  in  1857.  He 
was  ordained  in  1858;  held  pastorates  in  Burke 
and  Barnet,  Vt.,  and  in  1859  was  professor  of 
physics,  and  later  of  history,  at  Dartmouth. 
He  became  identified  with  the  manufacturing 
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firm  of  E  and  T.  Fairbanks  and  Co.,  in  1868; 
and  subsequently  gave  much  of  his  time  to  me- 
chanical experiments,  and  patented  a  scale  for 
weighing  grain  and  subsequently  perfected  and 
patented  34  additional  inventions  of  various 
kinds.  He  is  president  of  Saint  Johnsbury 
Academy  and  is  prominent  in  the  work  of  the 
Congregational  Church  in  Vermont. 

FAIRBANKS,  Thaddeus,  American  in- 
ventor: b.  Brimfield,  Mass.,  17  Jan.  1796;  d. 
Saint  Johnsbury,  Vt.,  12  April  1886.  He  settled 
in  Saint  Johnsbury  in  1815,  and  there  worked 
with  his  father  in  a  saw  and  grist  mill,  and  also 
in  the  manufacture  of  carriages.  In  1824  he 
and  his  brother  Erastus  began  the  manufacture 
of  stoves  and  plows.  In  June  1831  he  patented 
the  platform  scales  bearing  his  name.  After- 
ward about  50  different  improvements  were 
made  on  these  scales,  which  have  been  sold  in 
all  parts  of  the  world;  his  last  patent  being 
taken  out  when  he  was  90  years  old.  His  dona- 
tions to  Saint  Johnsbury  Academy  totaled 
$200,000. 

FAIRBANKS,  Alaska,  city  and  capital  of 
the  fourth  judicial  district,  on  the  Tanana 
River  near  the  head  of  navigation,  160  miles 
west  of  Dawson,  and  350  miles  by  stage  north 
of  Valdez.  It  is  the  commercial  centre  of  the 
Fairbanks  gold-mining  region  and  is  connected 
with  Chcna,  45  miles  distant  by  the  Tanana 
Valley  Railroad.  It  is  in  all  respects  a  modern 
city,  with  a  centrally  located  steam-heating 
plant,  schools,  churches,  electric  light  and 
power  plants,  etc.  It  is  connected  with  Valdez 
by  a  stage  route  and  in  summer  there  is  steam- 
boat communication  with  Dawson  to  the  cast 
and  to  Saint  Michael  on  the  west.  In  the 
three  years  1906-08,  Fairbanks  sent  out  $27,- 
000.000  in  gold.  Lode  mining  has  in  recent 
years  displaced  the  earlier  placers.  The  govern- 
ment of  the  United  States  has  undertaken  the 
construction  of  a  railroad  to  Fairbanks  at  a 
cost  of  over  $14,000,000.    Pop.  3,541. 

FAIRBURY,  111.  city  of  Livingston  County, 
on  the  Wabash  and  the  Toledo,  Peoria  and 
Western  railroads,  60  miles  east  of  Peoria. 
Coal  mining  and  farming  are  the  leading  in- 
dustries. The  city  has  grain  elevators,  flour 
mills,  cement  works  and  machine  shops.  It  has 
a  public  library.   Pop.  2,505. 

FAIRBURY,  Neb.,  city  and  county-seat  of 
Jefferson  County,  on  the  Little  Blue  River,  the 
Saint  Joseph  and  other  branches  of  the  Chicago, 
Rock  Island  and  Pacific  System,  about  60  miles 
southwest  of  Lincoln.  It  is  situated  in  a  good 
agricultural  region,  and  its  chief  manufactures 
are  flour  and  dairy  products.  A  large  nursery 
is  just  outside  the  city  limits.  The  city  contains 
a  Carnegie  library  and  fine  post-office  building. 
It  owns  its  waterworks  and  electric-light  plant. 
Pop.  5.294. 

FAIRCHILD.  Ashbel  Green.  American 
clergyman:  b.  Hanover.  N.  J.,  1  May  1795;  d. 
Smitnfield,  Pa.,  1864.  He  wrote  many  contri- 
butions to  the  religious  press.  His  most  popular 
work,  'The  Great  Supper,'  was  translated  into 
German  and  had  an  immense  sale.  He  also  pub- 
lished 'Baptism';  'Faith  and  Works';  and 
'Confession  of  Faith.' 

FAIRCHILD,  Charles  Stebbins,  American 
financier:  b.  Cazenovia,  N.  Y.,  30  April  1842. 
He  was  graduated  at  Harvard  University  in 


Digitized  by  Google 


718  FAIRCHIL 

1863;  admitted  to  the  bar  in  1865;  became 
deputy  attorney-general  of  New  York  in  1874 
and  attorney-general  in  1876.  After  spending 
some  time  in  Europe  he  settled  in  New  York 
city  in  1880,  where  he  practised  law  till  1885. 
He  was  assistant  Secretary  of  the  Treasury 
1883-87,  and  Secretary  1K87^89.  He  was  a 
member  of  the  monetary  commission  appointed 
by  the  Indianapolis  Monetary  Conference  in 
r  rem  1879  to  1905  he  was  president  of 
the  New  York  Security  and  Trust  Company 
and  later  he  held  high  offices  in  other  corpora- 
tions. 

FAIRCHILD,  David  Grandison,  Ameri- 
can botanist :  b.  East  Lansing,  Mich.,  7  April 
1869.  He  was  graduated  at  the  Kansas  State 
Agricultural  College  in  1888  and  made  post- 
graduate studies  in  botany  at  Naples,  Italy,  in 
1893,  at  the  University  of  Breslau  and  Berlin 
in  1894,  Munstcr  and  Bonn  in  1895-96,  and  at 
BuLtenzorg,  Java,  in  1896.  Since  1889  he  has 
been  connected  with  the  United  States  Depart- 
ment of  Agriculture,  since  1898  has  been  agri- 
cultural explorer  and  since  1903  has  been  in 
charge  of  foreign  explorations.  In  1897  he 
organized  the  work  of  seed  and  plant  introduc- 
tion of  the  Department,  now  the  office  of  Seed 
and  Plant  Introduction,  of  which  he  has  had 
charge  since  1906.  He  has  made  special  re- 
searches in  botany  since  1896  as  assistant  to 
Barbour  Lathrop  on  four  expeditions  in  search 
of  economic  plants  for  introduction  into  the 
United  States.  He  is  a  member  of  the  Ameri- 
can Association  for  the  Advancement  of  Science 
and  of  the  International  Society  of  Botanists. 

FAIRCHILD,  George  Thompson,  Ameri- 
can educator:  b.  Brownhclm,  Ohio,  6  Oct.  1838; 
d.  1901.  He  was  graduated  from  Obcrlin  Col- 
lege 1862  and  from  Oberlin  Theological  School 
1865 ;  was  professor  of  English  literature, 
Michigan  Agricultural  College,  1879—97;  and 
was  vice-president  of  Berea  College  from  1898. 
He  entered  the  Congregational  ministry  in  1871 
and  was  the  author  of  'Rural  Wealth  and  Wel- 
fare>  (1900). 

FAIRCHILD,  Herman  Le  Roy.  American 
educator:  b  Montrose,  Pa.,  29  April  1850.  He 
was  graduated  at  Cornell  University  in  1874; 
was  secretary  of  the  New  York  Academy  of 
Science  in  1885-88;  president  of  the  Rochester 
Academy  of  Science  1889-1902;  secretary  of  the 
Geological  Society  of  America  1890-1907  and 
president  in  1912.  In  1911  he  was  president  of 
the  New  York  State  Commission  Government 
Association.  He  has  been  professor  of  geology 
at  the  University  of  Rochester  from  1888.  and 
has  published  many  articles,  especially  on  the 
glacial  gcolopy  of  New  York  State. 

FAIRCHILD,  James  Harris,  American 
educator:  b.  Stockbridgc,  Mass..  25  Nov  1817; 
d.  1902  He  was  president  of  Oberlin  College 
from  1866-89  after  a  service  of  26  years  as 
tutor,  professor  of  languages,  professor  of 
mathematics  and  professor  of  moral  philosophy 
and  theology  Besides  editing  the  'Memoirs  of 
Charles  G  Finney'  (1S76)  and  Finnev's  'Sys- 
tematic Theology*  (1878),  he  was  the  author  of 
•Moral  Philosophy'  (1869);  'Oberlin,  the 
Colony  and  the  College'  H883)  ;  'Elements  of 
Theology,  Natural  and  Revealed*;  and 
'Woman's  Right  to  the  Ballot*  (1870). 
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FAIRCHILD,  Lucius,  American  military 
officer:  b.  Kent.  Ohio,  27  Dec.  1831 ;  d  Madison, 
Wis.,  23  May  1896.  At  the  beginning  of  the 
Civil  War  he  enlisted  as  a  private  in  the  Federal 
army,  and  in  August  1861,  was  appointed  a  cap- 
tain in  the  regular  army  and  major  in  the 
volunteer  army.  He  took  part  in  the  battles  of 
Bull  Run  and  Antietam,  and  led  the  charge  up 
Seminary  Hill  at  Gettysburg,  where  he  lost  his 
left  arm.  He  was  promoted  brigadier-general 
in  1863,  but  resigned  to  serve  as  secretary  of 
state  of  Wisconsin  and  was  governor  1866-72. 
In  1886-87  he  was  commander-in-chief  of  the 
Grand  Army  of  the  Republic. 

FAIRCLOUGH,  Henry  Rushton,  Ameri- 
can philologist :  b.  near  Barrie,  Ontario,  Canada, 
15  July  1862.  He  was  graduated  at  Toronto 
University  in  1883  and  in  18%  received  the  de- 
gree of  D.Ph.  at  Johns  Hopkins.  From  1893 
to  1902  he  was  associate  professor  and  professor 
of  classical  literature  at  Lcland  Stanford  Uni- 
versity. In  the  latter  year  he  was  made  pro- 
fessor of  Latin.  He  also  taught  Latin  in  the 
summer  sessions  of  the  University  of  Wiscon- 
sin 1906.  Columbia  1908,  Chicago  1910,  Colorado 
1913  and  in  1910-11  was  professor  in  the  Ameri- 
can School  of  Gassical  Studies,  Rome.  He  was 
delegate  to  the  centennial  celebration  of  the 
University  of  Berlin  in  1910.  He  is  the  author 
of  'The  Attitude  of  the  Greek  Tragedians  To- 
ward Nature*  (18%)  ;  'The  Andria  of  Terence' 
(1901);  'The  Connection  between  Music  and 
Poetry  in  Early  Greek  Literature'  (1%2)  ;  'The 
Antigone  of  Sophocles,  translated  into  English' 
(1903);  'Virgil's  ^neid.'  with  S.  L.  Brown 
(1908)  ;  'The  Phormio  of  Terence.'  with  L.  J. 
Richardson  (1908);  'The  Trinummus  of 
Piautus'  (1909)  ;  also  'Monograph  on  the  Text 
of  Terence'  (in  Transaction*  of  the  American 
Philological  Association,  1900).  He  was  editor- 
in-chief  of  the  'Students'  Series  of  Latin 
Classics'  and  edited  Virgil  in  the  'Loeb 
Classics.' 

FAIRFAX,  Donald  McNeill,  American 
naval  officer:  b.  Virginia.  10  Aug.  1822;  d. 
Hagerstown,  Md.,  10  Jan.  1894.  During  the 
Mexican  War  he  participated  in  the  capture  of 
Mazatlan  and  Ixnver  California.  In  1861.  he  had 
personal  charge  of  the  transfer  of  Messrs. 
Mason  and  Slidell  and  their  secretaries  from 
the  Trent,  a  British  mail  ship,  to  the  San 
Jacinto.  He  later  took  part  in  the  chief  naval 
operations  in  Charleston  harbor;  was  promoted 
rear-admiral  in  1880  and  retired  in  1881. 

FAIRFAX,  Edward.  English  poet :  b. 
Denton,  England,  about  15.S0;  d.  near  Otley, 
England,  January  1635.  He  made  a  metrical 
translation  'Godfrey  of  Boulogne'  (1600),  of 
Tasso's  'Jerusalem  Delivered,'  and  dedicated  it 
to  Queen  Elizabeth;  it  was  highly  esteemed  by 
James  T,  and  is  still  valued ;  nnd  on  this  rather 
than  on  his  own  "Eclogues"  the  fame  of  Fair- 
fax as  a  poet  rests.  He  is  also  author  of  a  'Dis- 
course of  Witchcraft.'  in  which  he  gives  an  ac- 
count of  the  bewitching  of  his  two  daughters 
in  1621. 

FAIRFAX.  Thomas,  Lord,  English  pen- 
era!  :  b.  Denton,  Yorkshire.  17  Jan.  1612;  d.  Nun 
Applcton.  Yorkshire,  12  Nov.  1671.  Fairfax 
warmly  espoused  the  cau<e  of  Parliament,  and 
in  April  1642  presented  to  Charles  a  petition  of 
the  people  imploring  him  to  be  reconciled  to  his 
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subjects.  The  same  year  he  was  appointed  gen- 
eral of  the  horse,  and  in  1644,  together  with 
Essex,  Waller  and  Manchester,  he  held  a  chief 
command  in  the  English  army  sent  to  co-operate 
with  the  Scots.  The  credit  of  the  battle  of  Mar- 
ston  Moor  has,  by  some  authorities,  been  di- 
vided between  Leslie  and  Cromwell,  but,  accord- 
ing to  others,  Fairfax  is  also  entitled  to  share 
in  it.  On  the  Earl  of  Essex  resigning  the  com- 
mand of  the  parliamentary  army  in  1645,  Fair- 
fax was  made  commander-in-chief  in  his  room. 
He  insisted  on  the  command  of  the  horse  being 
given  to  Cromwell.  When  he  took  Oxford  the 
first  thing  he  did  was  to  set  a  guard  upon  the 
Bodleian  Library,  an  act  for  which  he  deserves 
the  gratitude  of  posterity.  He  subsequently, 
in  November  1647,  was  engaged  with  Cromwell 
in  putting  down  the  levelers  in  the  army,  and 
in  the  following  year  captured  Colchester,  and 
caused  Sir  Charles  Lucas  and  Sir  George  Lisle 
to  be  tried  by  court-martial  and  shot.  He  was 
*  one  of  the  king's  judges  in  1649,  and  endeavored 
to  prevent  his  execution.  Being  ordered  to 
march  against  the  Scottish  Presbyterians,  he 
positively  declined  the  command  and  Cromwell 
was  appointed  (26  June  1650)  to  succeed  him. 
He  was  appointed  one  of  the  lay  church  com- 
missioners in  1654,  and  was  a  member  of 
Cromwell's  first  Parliament.  He  assisted  Monk 
against  General  Lambert,  and  co-operated  in 
the  restoration  of  Charles  II,  being  one  of 
the  committee  charged  to  secure  his  return. 

FAIRFAX,  Thomas,  6th  Baron  of  Cam- 
eron :  b.  Yorkshire,  1692;  d.  Grcenway  Court, 
Frederick  County,  Va.,  12  Dec.  1782.  He  was 
educated  at  Oxford  and  was  a  contributor  to 
Addison's  Spectator.  He  came  to  America  and 
settled  on  a  vast  landed  estate  in  Virginia,  in- 
herited from  his  mother,  a  daughter  of  Lord  Cul- 
pepcr.  This  property,  the  "Northern  Neck  of 
Virginia,1*  embraced  the  region  lying  between  the 
Potomac  and  the  Rappahannock  and  included 
the  Shenandoah  Valley  (about  6,000,000  acres). 
William  Fairfax,  his  cousin,  acted  as  his  agent, 
whose  daughter  Anne  became  married  to 
Lawrence  Washington,  the  elder  brother  of 
George  Washington.  It  was  at  Grcenway 
Court  that  Baron  Fairfax  became  acquainted 
with  George  Washington,  and  between  them  a 
warm  friendship  sprang  up.  Fairfax  gave 
Washington  employment  on  survey  work  on 
his  domain,  and  did  everything  he  could  to  ad- 
vance his  interest  with  the  provincial  govern- 
ment. During  the  War  of  the  Revolution,  Fair- 
fax, though  an  ardent  loyalist,  was  permitted 
to  live  on  his  estate  in  perfect  security.  The 
surrender  at  Yorktown  of  Cornwallis,  and  the 
winning  of  American  independence  by  the  man 
he  had  "trained  and  moulded,"  was  a  great 
mortification  to  Fairfax,  and  from  this  blow 
he  never  recovered. 

The  12th  Lord  Fairfax  and  baron  of  Cam- 
eron, who  succeeded  in  1900  to  the  barony,  has, 
like  his  American  predecessors,  made  no  claim 
to  the  title. 

FAIRFIELD,  Sumner  Lincoln,  American 
author:  b.  Warwick,  Mass.,  25  June  1803;  d. 
New  Orleans,  La.,  6  March  1844.  He  began  the 
publication  of  the  North  American  Maqasine 
in  1833,  and  continued  to  edit  and  publish  it  for 
five  years.  His  published  volumes  include  'I-ays 
of  Melpomene'   (1824);  'Cities  of  the  Plain' 
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(1828);  'Poems  and  Prose  Writings'  (1840) 
and  'Select  Poems'  (1860). 

FAIRFIELD,  Conn.,  town,  port  of  entry, 
in  Fairfield  County,  three  miles  southwest  of 
Bridgeport,  on  the  Long  Island  Sound,  the 
New  York,  New  Haven  and  Hartford  Railroad. 
A  popular  summer  resort,  it  has  a  beautiful  situa- 
tion and  one  of  the  finest  beaches  on  the  Sound. 
The  chief  manufactures  are  paper,  dog  biscuit, 
aluminum  ware,  wire  goods,  ladies'  underwear, 
rubber  goods  and  machinery.  It  has  good 
public  buildings,  two  libraries  and  four  build- 
ings which  date  from  Revolutionary  times.  The 
first  settlement  was  made  in  1639  and  the  town 
was  incorporated  the  same  year.  Its  town  hall, 
originally  built  in  1720,  contains  records  dating 
back  to  1648.  It  was  the  scene  of  several  In- 
dian and  Revolutionary  battles,  and  in  1779  was 
almost  wholly  burned  by  the  Hessians  and 
Tories.  Pop.  6,134.  Consult  Child,  'An  Old 
New  England  Town'  (New  York  1895)  ;  Os- 
good. 'Centennial  Commemoration  of  the 
Burning  of  Fairfield'  (ib.  1879). 

FAIRFIELD,  HI.,  city,  county-seat  of 
Wayne  County;  123  miles  southeast  of  Spring- 
field, on  the  Southern  and  the  Baltimore  and 
Ohio  Southwestern  railroads.  The  city  is  the 
centre  of  a  fruit-growing  belt,  especially  noted 
for  apples,  and  has  a  trade  in  grain,  live  stock, 
tobacco,  etc.  The  manufactures  are  chiefly 
flour,  lumber  and  dairy  products.  It  is  the  site 
of  the  Hayward  Collegiate  Institute.  The 
lighting  plant  is  owned  by  the  city.   Pop.  2,479. 

FAIRFIELD,  Iowa,  city,  county-scat  of 
Jefferson  County,  48  miles  northwest  of  Burl- 
ington, on  the  Chicago,  R.  I.  &  P.  and  the  C,  B. 
&  Q.  railroads.  The  principal  manufactures  are 
brooms,  tile,  agricultural  implements,  machin- 
ery, furniture,  carriages,  flour  and  dairy  prod- 
ucts. The  electric-light  plant  and  the  water- 
works are  owned  by  the  city.  The  Parsons  Col- 
lege, under  the  auspices  of  the  Preshyterian 
Church,  was  founded  here  in  1875.  The  first 
settlement  was  made  in  1839.   Pop.  4,970. 

FAIRHOLT,  Frederick  William,  English 
artists  and  author:  h.  London,  1814;  d.  there  3 
April  1866.  He  published  'Costume  in  Eng- 
land: a  History  of  Dress  to  the  Close  of  the 
18th  Century'  (1816);  'The  Home  of  Shakes- 
peare Illustrated  and  Described'  (1847);  'Re- 
markable and  Scientific  Characters'  (1849); 
'Dictionary  of  Terms  in  Art'  (1854),  etc. 

FAIRLIE,  John  Archibald,  American  econ- 
omist :  b.  Glasgow,  Scotland.  30  Oct  1872.  In 
1895  he  was  graduated  at  Harvard  University 
and  in  1898  received  the  degree  of  Ph.D.  at 
Columbia  University.  He  served  one  year  as 
secretary  to  the  New  York  State  Canal  Com- 
mission. In  1900  he  became  junior  professor 
at  the  University  of  Michigan,  and  in  1009  be- 
came associate  professor,  and  in  1911  full  pro- 
fessor of  political  science  at  the  University  of 
Illinois.  In  1907-08  he  served  on  the  Michigan 
Constitutional  Convention  and  in  1908-09  was 
special  agent  of  the  United  States  Bureau  of 
Corporations.  He  was  also  associate  editor  of 
the  National  Municipal  Rcinnv.  He  has  pub- 
lished 'Municipal  Administration'  (1901); 
•National  Administration  of  the  United  States' 
(1005)  ;  'Local  Government  in  Counties,  Towns 
and  Villages'  (1906);  'Essays  in  Municipal 
Administration'  (1908);  "Taxation  and  Reve- 
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System  of  Illinois*  (1910);  'Commission 
-eminent  in  Illinois  Cities >    (1911);  'The 


nue 

Government 

President's  Cabinet'  (1913)  ;  'Town  and  Coun- 
ty Government  in  Illinois'  (1913);  'Revenue 
and  Financial  Administration  in  Illinois' 
(1915),  and  contributions  to  technical  journals 
on  economic,  legal  and  political  subjects. 

FAIRMONT,  Minn.,  city  and  county-seat 
of  Martin  County,  65  miles  southwest  of  Man- 
kato,  on  the  Chicago  and  Northwestern  and 
the  Chicago,  Milwaukee  and  Saint  Paul  rail- 
roads. The  city  has  a  Carnegie  library,  a  cigar 
factory,  gas  engine  works,  flouring  mills,  pack- 
ing-houses, and  brick  and  tile  yards.  The 
water  and  electric-lighting  systems  are  owned 
and  operated  by  the  municipality.  Fairmont 
was  first  settled  in  1855  and  is  governed  by  a 
mayor  and  council  of  one  chamber.    Pop.  2,958. 

FAIRMONT,  W.  Va..  county-seat  of  Mar- 
ion County,  at  the  head  waters  of  Monongahela 
River  navigable  to  this  point ;  the  Baltimore 
and  Ohio  Railroad,  the  Pennsylvania  and  the 
New  York  Central  lines  enter  the  city;  78  miles 
from  Wheeling,  125  miles  from  Pittsburgh,  300 
miles  from  Baltimore;  the  centre  of  one  of  the 
largest  soft  coal  operations  in  the  world; 
abundance  of  natural  gas  and  oil ;  commission 
form  of  government ;  permanently  improved 
roads  in  all  directions  trom  the  city;  model 
public  school  system  and  a  State  Normal  for 
training  of  teachers.  The  principal  manufac- 
tures arc  glass,  of  which  there  are  two  of  the 
largest  plants  in  the  world,  mining  machinery, 
cigars,  lumber  and  iron  products.  Fairmont 
has  the  largest  trolley  system  in  West  Virginia, 
reaching  from  Fairmont  to  Fairvicw,  Manning- 
ton,  Clarksburg,  Bridgeport  and  Weston ;  a 
healthy  climate;  fine  water  supply;  beautiful 
homes  and  a  splendid  public  spirit.    Pop.  18,000. 

FAIRMOUNT,  Ind..  town  in  Grant  County, 
60  miles  northeast  of  Indianapolis,  on  the 
Cleveland,  Cincinnati,  Chicago  and  Saint  Louis, 
and  the  Pittsburgh.  Cincinnati,  Chicago  and 
Saint  Louis  railroads.  Fairmount  Academy 
and  the  Wesleyan  Theological  Institute  are  lo- 
cated here.  It  has  extensive  farming  interests 
and  has  manufactories  of  catchup,  sauce,  bot- 
tles and  tiles.  The  waterworks  arc  the  property 
of  the  municipality.    Pop.  2,506. 

FAIRMOUNT  COLLEGE,  coeducational 
institution,  situated  at  Wichita,  Kan.,  under  the 
auspices  of  the  Congregational  Church.  It  was 
established  in  1892,  with  assistance  from  the 
Boston  Education  Society.  A  collegiate  de- 
partment was  added  in  1895.  and  in  1896  the 
name  of  the  institution  was  changed  to  Fair- 
mount  College.  It  offers  courses  leading  to  the 
B.A.  and  the  corresponding  M  A.  degrees.  The 
abolishment  of  the  preparatory  school  was  be- 
gun in  1912-13.  dropping  one  year  at  a  time. 
It  has  a  sub-freshman  department.  In  1916  the 
college  had  an  attendance  of  317.  In  connec- 
tion with  the  college  there  is  a  conservatory  of 
music  The  library  numbers  about  32,000  vol- 
umes, besides  pamphlets. 

FAIRMOUNT  PARK.  See  Philadel- 
phia 

FAIRPORT,  N.  Y.,  village  of  Monroe 
County  .  10  miles  east  of  Rochester,  on  the  New 
York  Central  and  West  Shore  railroads.  It 
has  extensive  farming  and  fruit-growing  inter- 
ests.   It  has  a  manufactory  of  cans.    Pop.  3,112. 


FAIRS  AND  SHOWS.  A  fair  is  a  peri- 
odical meeting  of  merchants  in  an  open  market 
held  at  a  particular  place  and  generally  for 
the  transaction  of  a  particular  class  of  busi- 
ness. The  origin  of  fairs  is  obviously  to  be 
traced  to  the  convenience  of  bringing  together 
at  stated  times  the  buyers  and  sellers  of  the 
stock-produce  of  a  district.  Fairs  are  generally 
held  in  or  near  towns,  but  from  their  nature 
arc  specially  adapted  to  the  convenience  of 
country  dealers  and  their  customers.  Two  curi- 
ous facts  are  to  be  noted  in  the  history  of  fairs. 
In  Europe  the  numerous  festivals  of  the  church 
afforded  the  most  favorable  opportunity  for  the 
establishment  of  these  markets.  This  associa- 
tion is  indicated  in  the  German  name  of  a  fair, 
which  is  identical  with  that  used  for  the  cere- 
mony of  the  mass.  A  fair  generally  brings  a 
concourse  of  people  into  the  town  in  which  it 
is  held,  and  gives  it  something  of  a  holiday 
appearance.  Advantage  has  frequently  been 
taken  of  this  concourse,  either  by  the  persons 
assembled  themselves  or  by  the  purveyors  of 
various  amusements,  to  add  entertainment  to 
business,  and  as  the  business  of  a  particular 
fair  declined  it  has  often,  instead  of  being 
abandoned,  been  gradually  converted  into  a 
periodical  opportunity  for  a  saturnalia  of 
amusement.  Thus  religion,  business  and  diver- 
sion have  come  to  be  associated  in  the  idea  of 
a  fair. 

In  the  Middle  Ages  fairs  were  specially 
privileged  and  chartered  by  princes  and  magis- 
trates, special  temporary  tribunals  were  even  es- 
tablished for  their  use.  It  was  then  the  custom, 
which  in  some  places  still  remains,  to  make 
a  public  proclamation  of  the  commencement  and 
duration  of  the  fair.  The  goods  sold  at  fairs 
were  then  of  much  greater  value,  as  well  as 
variety,  than  at  present,  embracing  fabrics  of  all 
kinds,  as  well  as  jewelry.  In  some  parts  of  the 
Continent  the  practice  still  prevails  of  purchas- 
ing clothing  at  fairs.  Fairs  existed  in  ancient 
as  well  as  modern  times,  and  are  to  be  found 
in  all  parts  of  the  world.  In  the  East  they  are 
of  great  magnitude  and  importance.  At  Mecca, 
during  the  annual  pilgrimages,  and  at  Hardwar 
in  Ajmir.  a  resort  of  pilgrims  in  Hindustan, 
two  of  the  greatest  fairs  of  the  East,  we  find 
again  the  association  between  commerce  and  re- 
ligion. According  to  Prescott  fairs  were  regu- 
larly held  in  the  principal  cities  of  Mexico  every 
fifth  day,  being  the  recognized  substitute  for 
shops.  A  fair  for  the  sale  of  slaves  was  held 
at  Azcapozales,  near  the  capital.  At  the  prin- 
cipal fair,  held  at  the  Citv  of  Mexico,  the  num- 
ber of  visitors  reached  40,000  to  50,000.  Here 
the  same  arrangement  prevailed  as  in  the  Euro- 
pean fairs  of  the  Middle  Ages.  A  court  of  12 
judges,  clothed  with  absolute  authority,  main- 
tained perfect  order  in  this  great  concourse. 

The  Easter  and  Michaelmas  fairs  at  Leipzig, 
the  fairs  of  Frankfort-on-thc-Main,  of  Lyons  in 
France,  and  Nijnci-Novgorod  in  Russia,  are 
among  the  most  important  fairs  of  the  present 
day  in  Europe.  The  fairs  of  Great  Britain  now 
mostly  consist  of  the  weekly  market-days  of 
country  towns  and  certain  great  agricultural 
meetings,  or  trysts,  as  they  are  railed  in  Scot- 
land, chiefly  for  the  sale  of  cattle  and  horses, 
such  as  the  Falkirk  Tryst.  There  are  also,  espe- 
cially in  Scotland,  a  considerable  number  of  the 
hiring  fairs.   Among  the  most  celebrated  of  the 
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fairs  which  have  been  turned  into  saturnalia  are 
the  celebrated  Donnybrook  fair  in  the  county  of 
Dublin:  Bartholomew  and  Greenwich  fairs, 
London ;  and  Glasgow  fair. 

In  America  the  State  and  county  fairs  have 
developed  into  periodical  expositions  of  agri- 
culture, horticulture,  stock-raising,  manufactur- 
ing, domestic  science,  education,  transportation, 
good  roads  movement,  etc.  Most  of  the  States 
have  their  State  fairs,  supported  partially  by 
legislative  appropriation,  and  often  with  per- 
manent buildings.  Many  county  fairs  arc  regu- 
larly incorporated  companies,  composed  of 
farmers  and  merchants  who  make  a  little  money 
out  of  them.  There  is  now  an  American  Asso- 
ciation of  Fairs  and  Expositions,  comprising  in 
its  membership  52  organizations  representing 
State,  county  and  provincial  fairs.  The  secre- 
tary is  Charles  Downing,  of  Indianapolis,  Ind. 

The  National  Com  Association  holds  ex- 
positions nearlv  every  year  and  has  members 
in  35  States.  The  1913  exposition  was  at  Co- 
lumbia, S.  C,  and  the  1914  at  Dallas.  Tex. 
The  slogan  of  the  Association  is  "The  Better- 
ment of  Agriculture."  It  has  three  classes  of 
exhibits:  (1)  educational  exhibits  from  agri- 
cultural colleges  and  experiment  stations;  (2) 
competitive  exhibits  between  the  States;  (3) 
educational  exhibits  from  the  Federal  Depart- 
ment of  Agriculture,  Four  trophies  are 
awarded :  Indiana  10-ear  corn  trophy,  value 
$1,000;  Colorado,  oat  trophy,  value  $1,500;  Kel- 
logg single  car  trophy,  value  $1,000;  Farm  and 
Fireside  wheat  trophy,  $48,000  in  cash  premiums. 

Business  Shows.— The  fair  is  a  country 
proposition,  adapted  to  the  display  of  agricul- 
tural products.  To  supply  a  similar  demand  in 
the  cities  for  the  display  largely  of  manufac- 
tures and  exploitation  of  new  goods,  the  busi- 
ness show  has  developed.  It  seems  to  have  been 
a  growth  from  the  poultry  and  horse  shows. 
When  the  bicycle  was  in  its  prime  regular 
bicycle  shows  were  held  annually  in  the  large 
cities  of  the  United  States.  With  the  disap- 
pearance of  the  bicycle  show  the  automobile 
show  developed,  and  this  is  perhaps  the  largest 
attended  show  now  held  annually  at  Madison 
Square  Garden,  New  York.  Business  shows  are 
also  held  for  the  display  of  business  office  con- 
veniences, typewriters,  desks,  dictographs  and 
the  thousand  and  one  appliances  now  found  in 
countinp-rooms  and  bookkeeping  departments. 
Printing  shows  arc  held  for  the  display  of  the 
machinery  and  products  of  the  graphic  arts. 
Each  of  the  more  prominent  industries  at 
times  has  its  shows,  conducted  either  by  asso- 
ciations or  by  speculators  who  sell  spaces  to 
houses  that  desire  to  exhibit.  See  Exposition's, 
Industrial. 

FAIRVILLE.  Canada,  village  of  Saint 
John  County,  NTc\v  Brunswick,  on  the  Canadian 
Pacific  Railway.  It  has  pulp  and  saw  mills,  box 
factories,  brickyards,  breweries,  woodenwarc 
works,  etc.,  and  a  hospital  for  nervous  dis- 
eases. An  electric  railway  connects  the  village 
with  the  city  of  Saint  John.   Pop.  3,500. 

FAIRWEATHER,  Mount,  in  Alaska,  in 
the  Saint  Elias  range,  35  miles  northeast  of 
Cape  Fairweather.  It  is  15,292  feet  high  and 
its  steep  declivities  arc  covered  with  great 
glacial  sheets. 

FAIRY,  an  imaginary  being  or  spirit  of 
diminutive  size,  supposed  generally  to  assume  a 
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human  form,  but  appearing  also  in  others  and 
represented  as  both  beneficent  and  malevolent 
toward  mankind.  In  the  latter  case  diseases  of 
cattle  were  frequently  attributed  to  their  mis- 
chievous operations;  and  cattle  that  died  sud- 
denly without  any  apparent  cause  were  com- 
monly said  to  be  elf-shot.  Among  the  Irish 
peasantry-  they  are  termed  "the  good  people"  by 
way  of  placation.  In  Poole's  "Parnassus'  are 
given  the  names  of  the  fairy  court:  "Obcron, 
the  emperor;  Mab,  the  empress;  Perriwiggin, 
Perriwinkle,  Puck,  Hobgoblin,  Tomalin,  Tom 
Thumb,  courtiers;  Hop  Mop,  Drop.  Pip,  Drip, 
Skip,  Tub,  Tib,  Tick.  Pink.  Pin,  Quick,  Gill. 
Ion,  Tit,  Wap,  Wim,  Nit,  the  maids  of  honor; 
Nymphidia,  the  mother  of  the  maids."  Croker, 
in  his  'Fairy  Legends  and  Traditions  of  the 
south  of  Ireland,*  describes  them  as  beings  "a 
few  inches  high,  airy  and  almost  transparent  in 
body;  so  delicate  in  their  form  that  a  dewdrop, 
when  they  chance  to  dance  on  it,  trembles,  in- 
deed, but  never  breaks*  They  are  supposed  to 
live  in  a  distinct  domain  known  as  Fairyland, 
and  their  character  and  habits  as  represented  in 
literature  may  best  be  learned  from  the  Irish 
lore  and  such  works  as  the  'Marchcn  of  the 
Grimms';  Spenser's  'Faerie  Qucenc,*  and 
Shakespeare's  'Mid-summer  Night's  Dream.' 
The  term  is  used  somewhat  loosely  to  include 
other  beings  of  a  similar  nature,  such  as  elf, 
fay,  gnome,  banshee,  goblin,  nymph,  sprite, 
sylph,  etc.  Belief  in  fairies  has  existed  from 
earliest  times  and  formed  part  of  the  super- 
stition of  nearly  all  peoples.  A  study  of  fairy 
stories  is  instructive  in  this  connection.  Studies 
of  the  folklore  of  many  peoples  have  been  made 
by  scholars  and  have  shown  valuable  results 
in  this  field.  See  Folk-Lore;  Mythology; 
Paracelsus  ;  also  such  titles  as  Elves,  Kobold 
and  the  like.  . 

Bibliography. — Aarne,  '  Vergleichcnde  Mar- 
chenforscnungen'  (Helsingfors  1908);  Benz, 
'Marchen-Dichtung  der  Komantiker,  mit  einer 
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Tales  of  the  Slav  Peasants  and  Herdsmen' 
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'Celtic  Fairy  Tales'  (New  York  1910);  id., 
•Indian  Fairy  Tales'  (London  1892);  Kcight- 
Icy,  'Fairy  Mythology'  (ib.  1850);  Ludwig, 
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FAIRY  BLUEBIRD,  one  of  the  bulbuU 
(q.v.)  of  the  East  Indian  family  Pycnonotida 
and  genus  Irena,  familiar  in  Indian  gardens, 
and  justly  admired.  The  commonest  species  is 
brilliant  turquoise,  with  black  wings,  tail  and 
under  parts,  and  coral-red  legs  and  beak  They 
make  a  rather  rough  little  nest  in  a  bush  and  lay 
two  or  three  speckled  eggs. 

FAIRY  QUEEN.   Sec  Faerie  Queene. 

FAIRY  RING,  or  CIRCLE,  a  ring  occa- 
sionally observed  in  pasture,  distinguished  from 
surrounding  vegetation  by  being  either  barer  or 
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more  luxuriant  and  attributed  by  the  peasantry 
of  western  Europe  to  the  dancing  of  the  fairies. 
They  arc  now  known  to  be  occasioned  by  the 
growth  of  certain  kinds  of  fungi,  which,  pro- 
ceeding outward  from  a  centre,  render  the  soil 
for  a  time  unfitted  for  the  nourishment  of  grass, 
but  later  fertilize  it  by  their  decay. 

FAIRY  SHRIMP,  a  phyllopodous  crus- 
tacean (Chirocef>halus  diahhatius) ,  occasionally 
found  in  fresh-water  ponds  in  the  British  Isles. 
It  is  about  one  inch  in  length  and  nearly 
transparent. 

FAIRY-TALES,  stories  in  which  fairies 
play  a  part,  or  which  contain  other  super- 
natural or  magical  elements  such  as  mark  the 
folk-tales  of  'Puss  in  Boats' ;  *  Beauty  and  the 
Beast';  'Hop  o'  My  Thumb';  ( Sleeping 
Beauty' ;  and  others.  Actual  fairies  seldom 
appear  in  traditional  fairy-tales,  so  called. 
Grimm  and  his  successors  snowed  by  the  study 
of  comparative  mythology  that  these  tales  are 
not  restricted  to  Europe  alone,  but  are  to  be 
found,  in  varying  forms,  among  almost  all  na- 
tions. The  survival  of  popular  tales  is  due  to 
their  being  unconscious  growths,  to  the  strict 
adherence  to  form  shown  by  illiterate  and  sav- 
age people  in  recitals  and  to  the  laws  of  the 
permanence  of  culture.  There  arc  several 
theories  in  regard  to  the  origin  of  folk-talcs. 
The  oldest  is  the  Oriental  theory,  which  traces 
all  back  to  a  common  origin  in  the  Vedas.  It 
is  true  that  the  germs  of  most  tales  are  found 
in  Vedas.  but  proofs  of  the  Indian  origin  of 
the  stories  are  lacking;  the  discovery  of  tales 
in  Egypt  which  were  written  in  the  early 
empire  arc  objections  to  its  acceptance,  and  the 
idea  of  diffusion  will  not  account  for  similar 
tales  found  in  Australia,  New  Zealand  and 
America.  The  Aryan  theory,  supported  by  Max 
Miillcr,  Grimm  and  others,  gives  as  their  origin 
the  explanation  of  natural  phenomena.  These 
nature-myths  must  not  be  regarded  as  originally 
metaphors;  they  were  primitive  man's  philos- 
ophy of  nature  in  the  days  when  every  object 
was  endowed  with  a  personal  life.  The  tales 
have  enough  likeness  to  show  that  they  come 
from  the  same  source  and  enough  difference  to 
show  they  were  not  copied  from  each  other. 
Muller  says  "Nursery  talcs  arc  generally  the 
last  things  to  be  adopted  by  one  nation  from 
another."  Another  theory,  supported  by  Tylor 
and  Lang,  traces  the  origin  of  folk-lore  to  a  far 
earlier  source  than  the  Aryan  — the  customs 
and  practices  of  early  man :  such  as  totcmisra, 
descent  from  animals  or  things,  which  were  at 
last  worshipped;  and  curious  taboos  or  prohi- 
bitions, which  can  be  explained  by  similar  sav- 
age customs  of  the  present.  But  late  authori- 
ties declare  that  it  is  useless  to  seek  any  com- 
mon origin  of  folk-tales;  since  the  incidents, 
which  are  few,  and  the  persons,  who  are  types, 
are  based  on  ideas  that  might  occur  to  un- 
civilized races  anywhere. 

Our  popular  fairy-tales,  or  contes,  have  been, 
in  the  main,  handed  down  orally.  However, 
some  of  their  elements  or  variants  at  least  have 
come  down  through  ancient  Oriental  literature. 
The  'Syntipas,'  a  Greek  version,  belongs  to  the 
11th  century.  Then  followed  translations  into 
several  European  languages.  The  earliest  col- 
lection of  European  tales  was  made  by  Stra- 
parola,  who  published  at  Venice  in  1550  his 


'Notti  Piacevola,'  which  was  translated  into 
French  and  was  probably  the  origin  of  the 
•Contes  des  Fees.'   The  best  early  collection  is 
Basile's  the  '  Pentamcrone, '  published  at  Naples 
in  1637;  reprinted  at  New  York  1912.   In  16% 
there   appeared   in   the   Recueil,   a  magazine 
published  by  Moetjens  at  The  Hague,  the  story 
'La  Belle  au  Bois  Dormant'   (our  'Sleeping 
Beauty'),  by  Charles  Pcrrault;  and  in  169/ 
appeared  seven  others:     'Little  Red  Riding 
Hood> ;  'Bluebeard';  'Puss  in  Boots';  *Thc 
Fairy';   'Cinderella';  'Riquet  of  the  Tuft'; 
and  'Hop  o'  My  Thumb  >    These  were  pub- 
lished in  1697  under  the  title  'Contes  du  Temps 
Passe  Avec  des  Moralites,'  by  P.  Darmancour, 
Perrault's  son,  for  whom  he  wrote  them  down 
from  a  nurse's  stories.      Within  this  century 
the  investigations  of  Jacob  and  William  Grimm, 
and  their  successors  in  this  field,  have  reduced 
to  written  form  the  tales  of  nearly  all  nations. 
We  must  include  in  the  comparison  of  stories 
the  Greek  myths;  as  the  Odyssey  is  now  con- 
ceded to  be  a  mass  of  popular  talcs.    To  these 
we  must  add  the  talcs  of  ancient  Egypt;  those 
narrated  by  Herodotus  and  other  travelers  and 
historians;  the  beautiful  story  of  'Cupid  and 
Psyche,'  given  by  Apuleius  in  his  'Metamor- 
phoses' of  the  2d  century  a.d.,  which  also  was 
taken  from  a  popular  myth.    See  Beauty  and 
the  Beast;  Bluebeard;  Elves;  Fairy;  Fairy 
Tales;  Folk-lore,  etc.    Consult  bibliography 
subjoined  to  article  Fairy.  . 

FAIRY  TALES  OF  HANS  CHRIS- 
TIAN ANDERSEN.  These  'Fairy  Talcs' 
have  been  read  by  thousands  with  delight, 
and  have  settled  down  to  a  place  in  the 
world's  memory  along  with  the  traditional 
nursery  talcs  of  the  race.  The  Ugly  Duck- 
ling and  The  Constant  Tin  Soldier  are  re- 
membered in  company  with  Goody  Two 
Shoes  or  Little  Red  Riding  Hood.  The 
'Fairy  Talcs'  arc  among  the  most  original 
works  of  the  19th  century.  Fairy  tales  are 
usually  stories  of  legend  and  tradition ;  they 
grow  up  in  the  lives  of  simple  peoples  without 
any  one's  knowing  who  originally  thought  of 
them  or  told  them.  They  arc  told  and  retold 
by  the  old  people  to  the  children,  and  then 
somebody  comes  and  writes  them  down  as,  for 
instance,  Mr.  Harris  wrote  down  the  negro 
stories  of  Brer  Rabbit  and  Brer  Fox.  Of  this 
kind  are  the  famous  'Marchcti'  of  the  Brothers 
Grimm  and  the  'Contes'  of  Perrault  and  many 
others.  These  are  old  stories  which  have 
charmed  generations  put  into  literary  form. 
Such  also  arc  some  of  the  'Evcntyr'  or 
Wonder-stories  of  Andersen.  He  was  born 
and  brought  up  at  Odinsc  in  the  island  of 
Funcn,  a  place,  which,  as  he  says  himself,  was 
in  those  days  a  hundred  years  behind  the  times. 
The  old  women,  who  made  something  of  a  pet 
of  him,  used  to  tell  him  old  stories  which  re- 
vealed to  bim  "a  world  as  rich  as  that  of  the 
Thousand  and  One  Nights,"  as  he  said  himself 
afterward,  not  only  in  complete  stories,  but  in 
ways  of  story-telling.  "In  the  volume  which  I 
first  published  I  had  like  Musaeus  but  in  my 
own  manner  related  old  stories  which  I  had 
heard  as  a  child.  The  tone  in  which  they  ?till 
sounded  in  my  ears  seemed  a  very  natural  one 
to  me."  But  much  of  his  'Tales,'  and  probably 
the  most  characteristic  element,  is  something 
different;  it  is  something  of  his  own.  Ander- 
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sen  was  a  man  of  a  peculiarly  childlike  nature. 
He  was  not  very  fond  of  children  but  he  was 
in  simplicity,  imagination  and  impulsiveness  not 
unlike  them.  In  all  that  he  wrote  he  was  an 
idealist,  as  children  are  apt  to  be,  without  over- 
much concern  about  the  actualities  of  the  real 
world  So  when  be  told  stories  to  children  as 
he  often  did  he  spoke  naturally  in  the  lan- 
guage and  thought  which  they  recognized  as 
their  own.  *I  had  written  my  narrative  down 
upon  paper  in  exactly  the  language  and  with 
the  expressions  in  which  I  had  related  them  to 
the  little  ones.*  But  he  generally  had  in 
mind  a  larger  audience  and  bis  tales  were 
eagerly  read  by  old  as  well  as  young.  In  fact 
a  good  many  of  them  are  not  Fairy  Tales  at 
all,  but  little  sketches  or  imaginations  of  life. 
One  cannot  read  them  with  anything  of  a  criti- 
cal spirit  without  imagining  that  in  his  best 
stories  he  was  always  telling  more  or  less 
directly  of  himself.  So  many  of  them  are 
stories  of  travel  — The  Ugly  Duckling,  The 
Constant  Tin  Soldier,  The  Silver  Shilling, 
Thumbelina  —  and  so  many  of  them  arc  full  of 
veiled  comment  on  life,  that  one  is  continually 
reminded  of  the  author  who  was  himself  always 
traveling  and  always  seeing  the  world.  The 
children,  he  says,  were  pleased  generally  with 
the  story;  older  people,  on  the  other  hand, 
were  interested  in  the  deeper  meaning.  The 
'Tales'  were  extraordinarily  popular;  they 
were  known  all  over  Europe  and  America  and 
translated  into  a  dozen  languages.  Andersen, 
himself,  made  friends  everywhere  and  told  his 
stories  everywhere.  He  was  really  a  poet,  a 
novelist  and  a  dramatist ;  he  wrote  much  beside 
his  'Tales'  and  was,  at  first  at  least,  inclined  to 
value  his  deeper  work  more  than  his  child's 
stories.  But  the  world  has  found  in  his  chil- 
dren's stories  the  peculiar  thing  it  wanted  and 
these  slight  matters  as  he  originally  thought 
them  are  the  things  that  have  made  him  im- 
mortal. There  is  nothing  especially  upon 
Andersen's  4 Tales,'  but  a  good  deal  about  them 
will  be  found  in  his  <Story  of  My  Life.' 

Eowaio  Evzxett  Hale. 

FAIT  ACCOMPLI,  fi-ak-kdn'ple.  (Fr.,  an 
accomplished  fact),  in  diplomatic  language,  de- 
notes an  event  that  has  happened  and  must 
be  accepted  or  recognized  as  definite,  however 
disagreeable. 

FAITH,  the  state  of  mind  which  treats 
a  certain  proposition  as  true,  independently  of 
whether  its  truth  is  completely  demonstrated 
Faith  thus  partakes  of  the  nature  of  will.  Its 
most  extreme  form  is  found  in  the  famous 
passage  of  Tertullian  which  ends,  "Buried,  He 
was  raised  from  the  dead;  this  is  certain  be- 
cause it  is  impossible.8  While  faith  rarely 
goes  to  such  extremes  as  this,  it  is  of  its  very 
nature  that  even  if  its  object  is  proved  it 
totally  disregards  this  proof. 

Faith  is  not  entirely  confined  to  religious 
matters.  It  is  inherent  in  the  very  nature  of 
knowledge.  The  general  form  of  all  descrip- 
tive knowledge  is  the  analysis  of  a  situation. 
Thus  the  physicist  analyzes  his  gross  physical 
processes  in  terms  of  atoms  or  electrons,  the 
psychologist  reduces  everything  to  atomic  men- 
tal states,  and  so  on  throughout  the  sciences. 
Now,  one'  of  the  most  striking  features  of 
analysis  is  that  up  to  the  present,  at  anv  rate, 
it  has  rarely  if  ever  been  exhaustive.  In  the 
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first  place  to  record  all  the  significant  features 
of  a  situation  is  beyond  the  powers  of  the 
human  mind.  The  total  condition  of  a  physical 
experiment  includes  every  single  event  in  the 
universe  in  exactly  the  unique  temporal  and 
spatial  relations  which  it  bears  toward  the  ex- 
periment in  question.  But  furthermore,  the 
ultimate  terms  of  analysis  are  continually  re- 
ceding. The  physicist  of  yesterday  thought  in 
terms  of  atoms;  the  physicist  of  to-day  thinks 
in  terms  of  electrons;  and  what  the  terms  of 
the  physicist  of  to-morrow  will  be  we  cannot 
imagine  For  these  reasons  an  analysis  is  al- 
most of  necessity  incomplete.  From  the  stand- 
point of  a  strict  yes  or  no  logic,  an  incomplete 
analysis  is  a  false  analysis.  However,  the 
slightest  application  of  a  scientific  law  demands 
that  we  should  act  as  if  this  analysis,  which  is 
probably  false,  and  which  at  the  best  is  not 
known  to  be  true,  were  a  demonstrated  fact. 
At  the  very -least,  it  demands  that  we  should 
trust  in  the  negligible  character  of  the  errors 
of  the  law,  although  nothing  but  our  trust  in 
the  continuity  of  nature  guarantees  that  these 
are  negligible.  This  trust  in  the  continuity  of 
nature  conforms  in  every  respect  to  the  defini- 
tion of  faith. 

Analysis  is  not  confined  to  matters  of  phy- 
sics and  the  other  natural  sciences.  A  moral 
situation  is  susceptible  to  analysis,  and  indeed 
demands  analysis  before  a  reasonable  course 
of  action  can  ensue.  In  determining  what  to 
do  when  our  motives  lead  us  in  opposite  di- 
rections, we  analyze  the  many  bearings  and  con- 
sequences of  our  conduct.   This  analysis  which 

f recedes  the  appeal  to  conscience  is  imperfect 
or  exactly  the  same  reasons  as  those  which 
render  our  physical  analysis  imperfect :  the 
complete  hearing  and  consequences  of  our 
deeds  are  never  at  our  disposal.  Again  it  re- 
quires an  act  of  faith  to  treat  the  results  of  our 
incomplete  analysis  as  a  basis  for  conduct  and 
to  be  confident  that  just  those  aspects  of  the 
deed  which  we  have  overlooked  do  not  give  it 
its  dominant  moral  tone. 

Faith  is  thus  the  necessary  concomitant  of 
analysis  both  in  natural  science  and  in  conduct. 
Analysis  makes  the  scope  of  faith  recede 
further  and  further  beyond  any  assignable 
limit,  but  the  importance  of  faith  remains  just 
what  it  was  in  the  beginning.  To  render  this 
faith  firm,  especially  in  those  matters  that  con- 
cern the  moral  conduct,  has  always  been  the 
task  of  religion.  By  allegory,  by  the  emotional 
appeal  of  rite,  mythology  and  creed,  religion 
furnishes  a  scaffolding  for  the  faith  of  those 
who  cannot  put  an  independent  trust  in  the 
continuity  of  nature  and  the  moral  order  itself. 
Just  as  Descartes  and  the  Occasionalists 
founded  their  physics  on  the  honesty  of  a  God 
guaranteed  by  faith  as  well  as  by  demonstra- 
tion, the  exponents  of  religion  have  always 
made  some  Divine  dictum  or  example  their 
chief  moral  sanction.  Thus  Palcy  based  his  en- 
tire ethics  on  a  system  of  divinely  established 
rewards  and  punishments.  It  is  interesting  to 
note  that  these  religious  attempts  to  mediate 
between  faith  and  analysis  leave  the  need  for 
faith  essentially  unchanged,  as  is  shown  by  the 
emphasis  placed  on  faith  by  all  religious 
teachers.  What  religion  accomplishes  is  the 
transference  of  the  need  for  faith  to  objects 
more  easily  grasped  than  abstractions  by  those 
of  a  mystical  trend  of  mind.   There  are  many 
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non-mystical  natures,  however,  to  which  it  is 
more  natural  and  simple  to  have  faith  di rectly 
in  the  continuities  and  laws  of  nature  and 
morals  rather  than  in  those  things  worshiped 
by  the  religious,  and  in  these  the  most  vigorous 
faith  is  consistent  with  the  entire  absence  of 
anything  that  can  be  called  a  religion. 

In  theistic  religions  faith  naturally  acquires 
as  its  principal  meaning  belief  in  existence  of 
God  and  in  certain  dogmas  concerning  Him. 
The  Jewish  faith  w«s  primarily  a  faith  in  the 
moral  order  as  personified  in  Jehovah.  The 
Christian  finds  the  embodiment  of  his  moral 
order  and  accordingly  the  object  of  his  faith 
in  Christ  the  Redeemer  as  well  as  in  the  Jew- 
ish God.  The  Catholic  definition  of  faith  has 
been  paraphrased  by  Cardinal  Newman  as  "be- 
lief in  certain  doctrines  because  God  has  re- 
vealed them."  This  faith  is  especially  directed 
toward  the  Church  and  toward  certain  official 
dicta  of  the  Church.  The  various  Protestant 
sects  differ  as  to  their  definition  of  faith,  but 
all  emphasize  reliance  in  God.  See  Belief. 
Consult  Harnack,  'History  of  Dogma*  (Bos- 
ton 1894-99)  ;  Inge,  'Faith  and  its  Psychology* 
(London  1909);  James,  'The  Will  to  Believe* 
(New  York  1911). 

Nokbert  Wiener. 

FAITH,  Act  of.  See  Auto  da  Ft. 

FAITH,  Rule  of,  in  the  early  Church,  the 
summary  of  doctrines  taught  to  catechumens, 
and  to  which  they  were  required  to  give  their 
assent  before  baptism.  From  the  ancient  usage, 
the  phrase  has  been  adopted,  not  very  aptly, 
in  modern  theology  to  denote  (1)  the  true 
source  of  our  knowledge  of  Christian  truth; 
and  ^2)  the  criterion  or  standard  of  Christian 
doctrine.  Protestants  find  this  rule  in  the 
Scriptures  alone;  the  Greek  and  Roman 
churches,  and  some  Anglicans,  find  it  not  only 
in  Scripture,  but  also  in  the  Church,  as  the  au- 
thorized interpreter  of  Scripture,  whose  inter- 
pretations are  embodied  in  tradition.  The  Ra- 
tionalists make  reason  the  final  arbiter,  and  the 
mind  of  man  the  measure  of  truth.  Sec  Bible; 
Creeds;  Infallibility. 

FAITH  HEALER,  The.  This  play  in 
three  acts,  by  William  Vaughn  Moody,  was  first 
produced  in  New  York,  at  the  Savoy  Theatre, 
on  24  Ian.  1910.  Henry  Miller  and  Laura 
Hope  Crews  were  in  the  cast.  It  had  been 
previously  .presented  in  Saint  Louis,  on  15 
March  1909.  The  .piece  is  not  as  definite  in  its 
theme  nor  as  human  in  its  story  as  'The  Great 
Divide.'  But  it  was  a  sincere  endeavor  on  the 
part  of  the  dramatist  to  show  the  struggle  that 
takes  place  between  material  and  spiritual 
forces  to  the  weakening  of  the  latter.  Moody, 
being  a  poet,  here  tried  to  write  something 
mystical,  and  only  partly  suggested  why  the 
Faith  Healer,  endowed  with  the  power  of  re- 
viving the  sick  and  raising  the  dead,  suddenly 
lost  that  power  through  a  lack  of  faith  in  him- 
self. Being  a  dramatist,  he  was  obliged  to 
justify  the  human  love  of  the  Faith  Healer  for 
the  heroine,  and  here  he  accomplished  the  one 
satisfactory  stroke  in  the  play  —  the  establish- 
ment of  the  belief  that  love  docs  not  weaken 
the  exercise  of  the  spirit,  but  rather  enhances 
it 

As  an  acting  play,  'The  Faith  Healer *  is 
misty,  it  is  unconvincing  This  mav  Ik-  due 
to  the  fact  that  it  is  treated  almost  realistically, 
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whereas  it  is  mystic;  it  takes  for  granted  a 
theme  rarely  proven  in  human  experience. 
The  quickening  of  a  paralyzed  woman  into  life, 
the  restoring  of  a  sick  baby  and  then  the  failure 
as  the  Faith  Healer's  power  wanes,  are  difficult 
of  externalizing.  But  Moody's  art  is  sincere, 
and  one  feels  his  sincerity  above  his  dramatic 
effectiveness.  As  in  'The  Great  Divide*  he 
falls  into  the  obvious,  here  contrasting  the 
spiritual  exaltation  of  a  devout  man  with  the 
science  of  a  doctor  and  the  conventional  tradi- 
tions of  a  minister. 

Montrosf.  1.  Moses. 

FAITHFUL  SHEPHERDESS,  The,  a 

?astoral  drama  by  John  Fletcher,  published  in 
609,  and  ranking  with  'Comus,'  which  it 
partly  inspired,  as  one  of  the  finest  specimens 
of  this  Italian  form  of  poetry  extant  in  English 
literature. 

FAITHFULL,  Emily,  English  philanthro- 
pist: b.  HeadJey,  Surrey,  1835  ;  d.  31  May  1895. 
Out  of  pure  philanthropy,  she  founded  the 
Victoria  Press,  1860,  in  which  women  alone 
were  employed  as  operatives.  Queen  Victoria 
encouraged  her  by  appointing  her  "printer-in- 
ordinary  to  the  queen."  She  started  the  Vic- 
toria Magazine  as  an  advocate  of  women's 
right  to  lucrative  employment,  and  in  the 
United  States  lectured  in  1872-73,  and  1882. 
She  was  the  author  of  'Change  Upon  Change,* 
a  novel  (1868);  <  Three  Visits  to  America' 
(1884). 

FAITHORNE,  William,  English  engraver: 
b.  London,  1616;  d.  1691.  He  received  most  of 
his  early  training  from  Sir  Robert  Peake,  and 
taking  the  side  of  the  Royalists  in  the  civil 
struggle  of  1640  he  was  banished  to  France, 
In  that  country  he  studied  under  Nateuil  and 
after  his  return  to  England  in  1650  practised  as 
an  engraver  and  also  marketed  prints.  He 
executed  many  portraits  in  crayon  after  1680 
and  engraved  several  portraits  by  Lely,  Van 
Dyke  and  other  eminent  masters.  Consult 
Fagan,  *A  Descriptive  Catalogue  of  the  Works 
of  William  Faithorne'  (London  1888). 

FAIZABAD.   See  Fyzabad. 

FAJARDO,  fa-har'do,  Porto  Rico,  a  sea- 
port on  the  northeast  coast,  on  the  Fajardo 
River.  It  has  a  good  harbor  and  extensive 
sugar  interests.  Molasses,  sugar  and  tortoise 
shell  are  exported.   Pop.  6,086. 

FAKHR-AD-DIN  AR-RAZI  fak'r-ad- 
den  ar-ra'ze,  Mohammedan  theologian :  b.  RaL 
Tabaristan,  1149;  d.  1209.  He  was  educated  at 
Merv  and  Maragha,  where  among  his  masters 
was  the  celebrated  scholar,  Al  Maid  al  Jili.  He 
wrote  a  famous  commentary  on  the  Koran,  the 
well-known  '  Maf atih-al-hauV  and  gave  much 
time  to  all  branches  of  learning.  He  spent 
huge  sums  on  experiments  in  alchemy,  then  a 
favorite  delusion  among  the  learned.  He  was 
also  professor  at  Rai  and  Ghasni  and  finally  be- 
came president  of  the  University  of  Herat. 
His  commentary  was  issued  at  Cairo  in  eight 
volumes  in  1890. 

FAKIR,  faW,  or  DERVISH,  the  name 

of  a  class  of  religious  devotees  of  the  Moham- 
medan faith,  all  leading  a  life  of  poverty  and 
generally  practising  mendicancy.  The  Arabic 
word  Faq\r  signifies  "poor"  used  in  a  sense  of 
"poor"  in  the  sight  of  God.  The  Persian  word 
Darwesh  is  derived  from  dor,  i.e.,  those  who 
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beg  from  door  to  door.  The  observance  of 
strict  forms  of  fasting  and  acts  of  piety  give 
them  a  character  of  sanctity  among  the  people. 
They  live  partly  in  monasteries,  partly  alone, 
and  from  their  number  the  imams  are  gen- 
erally chosen.  Throughout  Turkey  they  are 
freefv  received,  even  at  the  tables  of  persons 
of  the  highest  rank.  There  are,  throughout 
Asia,  multitudes  of  these  devotees,  monastic 
and  ascetic,  not  ony  among  the  Mohammedans, 
but  also  among  the  followers  of  Brahma. 
They  trace  their  ultimate  origin  to  Abu  or  Ali 
Bekr,  and  in  Egypt  all  arc  under  the  rule  of  a 
supposed  direct  descendant  of  the  latter.  There 
are  32  religious  orders  now  existing  in  the 
Turkish  Empire,  many  of  which  are  scarcely 
known  beyond  its  limits  :  but  others,  such  as  the 
Nakshbcndics  and  Mcvlcvics,  are  common  in 
Persia  and  India  and  Morocco.  All  these  com- 
munities arc  properly  stationary,  though  some 
of  them  send  out  a  portion  of  their  members  to 
collect  alms.  In  fact,  all  religious  faqirs  arc 
divided  into  two  great  classes,  the  ba  shar 
(within  the  law)  or  those  who  govern  their 
conduct  according  to  the  principles  of  Islam; 
and  the  be  shar  (without  the  law),  or  those 
who  do  not  live  their  lives  according  to  the 
principles  of  any  religious  creed.  AH  these 
orders,  except  the  Nakshbendies,  are  considered 
as  living  in  seclusion  from  the  world;  but  that 
order  is  entirely  composed  of  persons  who, 
without  quitting  the  world,  bind  themselves  to 
a  strict  observance  of  certain  forms  of  devotion, 
and  meet  once  a  week  to  perform  them  to* 
gether.  Each  order  has  its  peculiar  statutes, 
exercises  and  habits.  Since  the  orders  are 
secret,  it  is  impossible  to  discover  the  exact 
nature  of  these. 

The  numerous  orders  of  dervishes  are  all 
divided  by  Europeans  into  two  great  clashes, 
the  dancing  and  the  howling  dervishes.  The 
former  are  the  Mevlcvies,  and  are  held  in  much 
higher  estimation  than  the  other  class.  They 
are  the  wealthiest  of  all  the  religious  bodies  of 
the  Turkish  Empire.  The  dancing  of  these 
dervishes  is  conducted  to  sounds  of  music.  The 
movement  at  first  is  slow,  but  as  the  dervishes 
become  excited  it  grows  in  animation,  until  at 
last  the  actors  are  exhausted,  and  are  obliged 
to  sit  down.  After  a  while  they  rise  up  again 
and  resume  their  dancing,  which  is  repeated 
several  times.  The  whole  is  concluded  by  a 
sermon.  The  howling  dervishes  accompany 
their  dancing  with  loud  vociferations  of  the 
name  of  Allah,  and  violent  contortions  of  the 
body  such  as  are  seen  in  persons  seized  with 
epileptic  fits.  In  former  times  these  dervishes, 
after  working  themselves  up  into  a  frenzy,  used 
to  cut  and  torture  themselves  in  various  ways 
with  apparent  delight.  The  sheiks  of  all  orders 
have  the  credit  of  possessing  miraculous  powers. 
The  interpretation  of  dreams,  the  cure  of 
diseases  and  the  removal  of  barrenness  are  the 
gifts  for  which  the  dervishes  are  most  in  repute. 
See  SunsM. 

None  of  the  fakirs  are  bound  by  oath  to  re- 
main in  any  particular  community.  Return 
to  the  world  is  also  permitted  them,  but  this 
privilege  is  rarely  used.  The  head  of  the  con- 
vent is  called  shaikh,  and  he  is  appointed  by 
the  general  of  the  order.  They  reside  usually 
in  the  city  which  contains  the  ashes  of  the 
founders  of  their  orders,  and  arc  subordinate 
to  the  Mufti  of  the  capital  who  has  jurisdic- 
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tion  over  them.  In  Turkey  the  Shaikhu  '1  Islam 
has  the  right  of  removing  the  generals  of  the 
various  orders.  The  Mufti  has  also  the  right 
to  confirm  the  shaikhs  who  may  be  nominated 
by  any  of  the  generals  of  the  orders.  Consult 
Lane,  *  Modern  Egyptians'  (3d  cd.,  New  York 
1908)  ;  Brown,  J.  P.,  'The  Dervishes  or 
Oriental  Spiritualism*  (London  1868)  ;  Hughes, 
♦Dictionary  of  Islam*  (London  188S). 

FAKUMEN,  Manchuria,  town  in  the  south 
about  40  miles  north  of  Mukden  and  about  20 
miles  west  of  Tie  Pass.  On  18  March  1905 
Fakumcn  was  occupied  by  the  Japanese. 

FALAISE,  fa'laz'.  France,  town  in  the 
department  of  Calvados,  20  miles  south  of 
Caen,  on  the  Ante.  It  is  located  on  a  cliff  and 
has  two  fine  Gothic  churches,  a  college,  public 
library,  a  hospital  and  an  ancient  castle,  in 
which  was  born  William  the  Conqueror.  It  has 
also  manufactories  of  cotton  goods,  hosiery, 
leather,  dyes  and  chimes.  Nearby  at  Guibray 
since  the  11th  century  is  held  an  annual  fair  in 
August.  Consult  Dodd,  'Falaise  the  Town  of 
the  Conqueror'  (Boston  1900).  Pop.  (com- 
mune) 6,900. 

FALASHAS,  a  Hamitic  tribe  of  Abyssinia, 
supposed  to  be  descended  from  Jewish  immi- 
grants of  the  time  of  Solomon.  They  claim 
to  have  come  from  Jerusalem  and  to  belong 
to  the  tribe  of  Levi.  They  exhibit  many  Se- 
mitic traits,  although  their  complexion  is  a  red- 
dish brown  like  that  of  the  Abyssinians.  They 
practise  Israclitic  worship  although  in  a  some- 
what debased  form.  ■  Contrary  to  the  method 
of  the  Jews  of  other  lands  they  despise  com- 
merce and  devote  their  energies  more  freely  to 
agriculture  and  practise  minor  trades.  Their 
synagogues  are  always  surmounted  by  a  red 
earthen  pot.  They  have  a  monastic  system  and 
education  is  in  the  hands  of  the  monks.  Esti- 
mates of  the  number  of  these  people  vary  from 
100,000  to  250,000.  Consult  Flad,  ♦The  Fal- 
ashas  of  Abyssinia'  (London  1869);  Fait- 
lovitch.  F.,  'Notes  d'un  voyage  chez  les  Fal- 
ashas'  (Paris  1905). 

FALB,  falp,  Rudolf,  Austrian  meteorolo- 
gist: b.  Obdach,  Styria,  1838;  d.  1903.  He  was 
educated  at  Gratz,  where  he  studied  theology 
and  entered  the  priesthood.  He  soon  afterward 
was  converted  to  Protestantism  and  in  1869—72 
studied  mathematics,  physics  and  astronomy  at 
the  universities  of  Prague  and  Vienna.  In 
1877-80  he  traveled  in  North  and  South  Amer- 
ica, after  which  he  settled  in  Berlin.  His  theo- 
ries of  earthquakes  were  unacceptable  to  the 
scientists  of  this  day  and  have  never  been  seri- 
ously considered.  He  founded  the  astronomical 
periodical  Sinus  in  1868.  His  published  works 
are  lVon  den  L^mwllzungen  im  WeltalP  (3d 
cd.,  1890);  <Das  Wetter  und  der  Mond'  (2d 
ed..  1892)  ;  "Kalender  der  kritischen  Tage> 
(1892-  ). 

FALCK,  falk.  Niels  Nikolaus,  German 
jurist:  b.  Emmerlcf,  Schleswig,  1784;  d.  1850. 
He  received  his  education  at  the  University  of 
Kiel  and  in  1814  was  appointed  to  the  chair  of 
law  there.  He  was  chosen  president  of  the 
Schleswig-Holstcin  Assembly  of  the  States  in 
1838,  but  his  policy  alienated  the  Liberal  party, 
lie  published  'Handbuch  des  schleswig-hol- 
stcinischen  Privatsrcchts'  (1825-48);  'Samm- 
lungen   zur  nahcrn   Kunde  des  Vaterlandes' 
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(1825);  'Juristische  Encyklopadic'  (5th  cd., 
1851).  He  was  editor  of  the  Staatsbvrger- 
liches  Magasin  from  1821  to  1831,  and  contin- 
ued it  as  the  Neucs  Staatsbiirgcrlichrs  Maga- 
sin from  1833  to  1841. 

FALCKENSTEIN,  Eduard  Vogel  von. 

See  Vor.EL  von  Falckenstein,  Euuard. 

FALCON,  fal-kon.  Juan  Cris6stomo,  Ven- 
ezuelan statesman :  b.  on  the  Peninsula  of 
Paraguana  (now  the  state  of  Falcon),  1820;  d. 
Martinique,  1870.  He  was  a  brilliant  soldier  in 
his  youtn  and  in  1858  was  made  leader  of  the 
Federalist  revolutionary  party.  He  was  elected 
President  of  Venezuela  in  1863,  and  in  that 
year  entered  Caracas.  The  Constitution  of  1864 
was  sanctioned  by  him,  but  on  the  overthrow  of 
his  government  in  1867,  he  retired  to  Europe. 
Three  years  later  a  counter  revolution  brought 
him  a  call  to  again  lead  the  nation,  but  he  died 
en  route  at  Martinique. 

FALCON,  Venezuela,  a  maritime  state  and 
the  most  northern,  with  an  extensive  coast  line 
on  the  Caribbean  Sea  and  the  Gulf  of  Vene- 
zuela. Its  adjoining  states  are  Lara  to  the 
south  and  Zulia  to  the  west.  It  has  a  much 
broken  surface,  with  low  mountains  inland 
and  sandy  plains  and  swamps  along  the  coast. 
The  climate  is  healthful  except  in  the  swampy 
districts  of  the  coast.  The  mountain  valleys 
are  very  fertile,  yielding  crops  of  coffee,  cacao, 
cotton,  corn,  sugar,  tobacco  and  fruits.  Stock 
raising  is  on  the  increase.  The  state  is  sparsely 
settled.  Its  area  is  9,572  square  miles,  with  a 
population  of  139,110.  Coro,  the  capital,  is  of 
interest  historically  and  is  the  chief  commercial 
centre.  A  railway  connects  Coro  with  La  Vela 
dc  Coro,  the  state's  only  seaport,  about  six 
miles  east  of  the  capital.  Coro  has  a  population 
of  9,452. 

FALCON,  a  term  broadly  given  to  any  of 
many  birds  of  the  family  Falconida  (q.v.),  but 
more  narrowly  to  the  species  of  the  typical  sub- 
family Falconince,  whence  are  derived  most  of 
the  hawks  used  in  falconry,  The  falcons  proper, 
for  strength,  symmetry  and  powers  of  flight, 
are  the  most  perfectly  developed  of  the 
feathered  race.  They  arc  distinguished  by  hav- 
ing the  beak  hooked  at  the  point,  the  upper 
mandible  with  a  notch  or  tooth  on  its  cutting 
edge.  The  wings  are  long  and  powerful,  the 
second  feather  rather  the  longest;  legs  short 
and  strong.  The  largest  falcons  are  the  three 
great  Arctic  ones  represented  by  the  circum- 
polar  jerfalcon  (Hierofalco,  gyrfalco),  and  its 
congeners  the  Greenland,  Iceland  and  Labrador 
falcons.  (Sec  Ierfalcon).  The  type  of  its  race, 
however,  is  the  noble  peregrine  (Falco  pere- 
grinus),  to  the  female  of  which  the  term  "fal- 
con™ was  alone  given  by  falconers,  and  was 
most  highly  esteemed  for  the  fierceness,  dash 
and  perfection  with  which  she  worked.  The 
female  is  about  17  inches  long  and  ix/i  feet  in 
extent  of  wing;  the  male  is  2  or  3  inches  less. 
The  head,  neck,  a  patch  under  the  eye  and  the 
whole  upper  surface  are  dusky,  with  gray  and 
brownish  shades ;  the  throat  and  under  parts 
whitish  or  cream-colored,  with  dusky  bars  and 
arrowheads;  legs  and  feet  yellow,  bill  bluish. 
It  chiefly  inhabits  wild  districts,  and  preys  on 
grouse,  ducks,  ptarmigans,  pigeons,  rabbits,  sea- 
fowl,  etc.,  pouncing  upon  them  from  above 
with  terrific  swiftness  and  force,  and  always 
showing  the  greatest  courage  in  its  encounters 


with  rivals  or  in  defense  of  its  nest,  which  is 
usually  placed  on  a  ledge  of  some  lofty  cliff. 
This  species  is  to  be  found  in  nearly  all  quarters 
of  the  globe,  for  the  North  American  duck- 
hawk  (variety  anatum)  and  certain  tropical 
forms  arc  only  sub-species. 

Other  American  true  falcons  are  the 
pigeon-hawk,  sparrow-hawk  (qq.v.)  and  some 
closely  allied  western  and  northern  *  forms. 
Many  of  the  Old  World  falcons  are  famous, 
and  are  elsewhere  individually  described,  such 
as  the  European  hobby,  kestrel,  merlin  and 
lanncr;  the  Asiatic  shahecn,  saker,  luggur, 
turumti  and  other  species  trained  by  Eastern 
falconers;  the  Australasian  quail-hawk;  and 
the  large  African  genus  Baza,  which  has  the 
peculiarity  of  possessing  two  "teeth"  on  the 
edge  of  the  beak.  Another  interesting  genus  is 
Microhicrax,  containing  the  finch-falcons  (q.v.). 
Falcons  attain  to  a  great  age.  One  is  said  to 
have  been  found  in  France,  about  1790,  with  a 
collar  of  gold  dated  1610,  showing  it  to  have 
belonged  to  James  I  of  England. 

FALCON,  a  small  light  cannon  in  general 
use  in  the  late  Middle  Ages.  We  know  from  a 
decree  of  Henry  II  of  France  that  it  discharged 
a  ball  weighing  one  pound.  Some  guns  of  this 
type  are  said  to  have  thrown  a  projectile  of 
six  pounds.   See  Artillery. 

FALCON  BRIDGE,  Snt  Glenholme,  Ca- 
nadian jurist:  b.  Drummondville.  Ontaria,  12 
May  1846.  He  is  a  graduate  of  Toronto  Uni- 
versity, and  was  called  to  the  bar  in  1871.  He 
was  appointed  a  senator  of  Toronto  University 
in  1881 ;  in  1887  became  a  judge  of  Queen's 
Bench  of  the  Supreme  Court  of  Judicature  of 
Ontario-  and  in  1900  chief  justice.  He  was 
knighted  in  1908. 

FALCONE,  fal-ko'ni,  Anielle,  Italian 
painter:  b.  Naples,  1600;  d.  there,  1665.  He 
studied  under  de  Kibera  and  through  his 
numerous  battle  pieces  came  to  be  called 
"L'oracolo  delle  battaglie.0  When  the  Neapoli- 
tans rose  against  Spain,  Falcone  organized  his 
pupils  into  a  "Death  Company,*  which  never 
gave  quarter  to  a  Spaniard.  The  failure  of  the 
insurrection  obliged  Falcone  to  retire  to  Rome, 
Later  he  went  to  France,  where  he  was  gra- 
ciously received  by  Louis  XIV.  Under  the 
powerful  protection  of  Colbert  he  was  enabled 
to  return  to  his  native  city,  where  he  spent  his 
last  years.  The  Louvre  has  one  of  his  battle 
pieces,  the  Naples  Museum  two  and  the  Prado, 
Madrid,  two. 

FALCONER,  faVner,  Edmund  ("Edmund 
O'Rourke9),  Irish  playwright:  b.  Dublin,  1814; 
d.  29  Sept  1879.  He  joined  a  provincial  com- 
pany in  England,  went  to  London  and  in  1858 
became  manager  of  the  Lyceum  Theatre.  In 
1862-66  he  was  manager  of  Drury  Lane.  In 
1867-69  he  was  engaged  at  the  Olympic  Theatre, 
New  York.  He  composed  many  plays  and 
adapted  others.  'Peep  o'Day'  ("1861)  was  long 
very  popular.  Falconer  excelled  in  bis  delinea- 
tions of  Irish  peasant  life. 

FALCONER,  Hugh,  Scottish  botanist  and 
palaeontologist :  b.  Forres,  Moravshire,  29  Feb. 
1808;  d.  London,  31  Jan.  1865.  He  was  gradu- 
ated in  arts  at  Aberdeen  University  in  1826,  and 
in  medicine  at  Edinburgh  in  1829.  He  was  ap- 
pointed assistant  surgeon  on  the  Bengal  estab- 
lishment of  the  East  India  Company.  Arriving 
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in  India  (1830)  he  examined  and  reported  on  a 
collection  of  fossil  bones  from  Ava,  and  won 
scientific  standing;  in  India.  In  1832  he  was 
made  superintendent  of  the  botanic  garden  at 
Saharanpur.  He  discovered  and  was  the  first 
to  desenhc  the  assafrctida  plant  of  commerce; 
and  he  discovered  the  geological  character  of 
the  Scwalik  Hills,  and  in  order  to  study  their 
ossiferous  deposits  he  compared  them  with 
skeletons  of  extant  species.  For  these  re- 
searches he  received  the  Wollaston  medal  of 
the  Geological  Society  of  England.  He  was 
appointed  (1847)  superintendent  of  the  botanic 
garden  at  Calcutta  and  professor  of  botany  at 
the  Calcutta  Medical  College. 

FALCONER,  Snt  Robert  Alexander,  Ca- 
nadian educator:  b.  Charlottetown,  Prince  Ed- 
ward Island,  10  Feb.  1867.  He  was  educated  at 
Queen's  Royal  College  School,  Trinidad,  and  at 
the  universities  of  Edinburgh,  Leipzig,  Berlin 
and  Marburg.  From  1892  to  1907  tie  was  lec- 
turer and  professor  of  New  Testament  Greek 
in  Pine  Hill  College  Halifax,  N.  S.,  and  also 
served  as  principal  from  1904  to  1907.  In  the 
latter  year  he  was  chosen  president  of  Toronto 
University.  He  received  the  degrees  of 
Litt.D  and  LL.D.  from  the  University  of  Glas- 
gow, from  Princeton,  U.  S.  A.,  Toronto  and 
other  Canadian  universities.  He  is  Fellow  of 
the  Roval  Society  of  Canada  and  was  knighted 
in  1917.  He  published  'The  Truth  of  the 
Apostolic  GospeP  (1904);  'The  German 
Tragedy  and  Its  Meaning  for  Canada'  (1915), 
also  articles  in  professional  journals,  encyclo- 
paedias and"dictionaries  in  Britain  and  America; 
articles  on  education  and  public  questions,  etc. 

FALCONER.  William,  English  poet:  b. 
Edinburgh,  11  Feb.  1732;  d.  at  sea  off  Mozam- 
bique, 1769.  Having  early  shipped  before  the 
mast,  he  became  before  1750  second  mate  of  a 
ship  trading  to  the  Levant.  The  experience  of 
a  shipwreck  off  Cape  Colonna,  Greece,  furnished 
material  for  the  poem  of  'The  Shipwreck* 
(1762),  by  which  he  is  best  known.  He  was 
later  appointed  purser  of  the  frigate  Aurora, 
bound  for  India.  The  Aurora  touched  at  the 
Cape  o  f  Good  Hope  in  December  1769  and  was 
shortly  after  lost  with  all  hands.  Falconer's 
'Poetical  Works,'  with  a  biography  by  Gilfil- 
lan,  appeared  in  1854. 

FALCONET,  Etienne  Maurice,  a  te  en 

mo-res  fal-co-na,  French  sculptor:  b.  Vevay, 
Switzerland.  1716;  d.  Paris,  4  Jan.  1791. 
Catharine  II  of  Russia  patronized  him,  and  he 
was  employed  by  her  to  execute  the  colossal 
statue  of  Peter  the  Great,  erected  at  Saint 
Petersburg. 

FALCONETTO,  fal'k6-net't&.  Giovanni 
Maria,  Veronese  architect  and  painter:  b.  1458; 
d.  1534.  He  received  his  early  instruction  from 
his  father,  Jacopo  Falconctto,  an  artist  of  note, 
and  manv  are  of  the  opinion  that  he  studied  also 
under  Mclozzo  da  Forli.  Falconetto  executed 
frescoes  in  the  chapel  of  San  Biagio,  the  church 
of  San  Xazaro,  the  Duomo  and  the  church  of 
San  Pietro,  Martire,  all  in  Verona.  His  'Au- 
gustus and  the  Sibyl*  is  in  the  Veronese  Gallery, 
but  is  bv  no  means  his  best  work.  His  most 
noteworthy  architectural  work  is  the  Palazzo 
Giustiniani  (1524)  at  Padua.  He  also  designed 
many  of  the  Padua  city  gates. 


.  FALCONIO  7*7 

FALCONIDiE,  a  family  of  raptorial  birds, 
comprising  the  sub-families  Gypaetiiue  (lammcr- 
gerers),  Polyborinee  (carrion-hawks  and  kites), 
Acciftitrincr  (hawks),  Buteonina  (buzzards), 
Aquilitwe  (eagles),  and  Falconituc  (falcons). 
They  are  all  remarkable  for  strong  and  sharply 
hooked  bills,  with  a  distinct  cere,  usually 
fleshy;  and  most  of  them  have  sharp  and  power- 
ful talons,  designed  to  seize,  kill  and  tear  to 
pieces  the  living  prey  upon  which  most  of  them 
subsist.  In  the  eagles  and  falcons  these  char- 
acters are  developed  in  the  highest  degree.  The 
tarsus  is  usually  more  or  less  feathered,  in  some 
cases  down  to  the  very  toes,  which  are  arranged 
three  in  front  and  one  behind  and  are  exceed- 
ingly strong  and  tenacious.  There  is  a  pro- 
jection over  the  eyebrows  except  in  the  osprcys, 
which  gives  an  appearance  to  the  eyes  o  f  being 
very  deeply  set  in  the  orbits.  These  birds  range 
in  size  from  the  mighty  lammcrgeier  to  the 
falconets,  hardly  bigger  than  sparrows.  The 
female  is  usually  decidedly  larger  than  the 
male  and  upon  her  falls  the  burden  of  the  sup- 
port of  the  young.  The  tribe  is  represented  in 
all  climates,  even  to  the  remote  north,  but  is 
most  numerous  in  the  tropics,  while  some  species 
are  nearly  cosmopolitan.  Many  migrate,  but 
few  show  any  tendency  toward  flocking.  The 
color  of  the  plumage  frequently  differs  much  in 
the  young  from  that  of  the  full-grown  birds  and 
as  their  first  plumage  is  retained  for  some  time, 
this  has  caused  more  species  to  be  enumerated 
than  really  exist.  Plain  tints  rule,  but  white 
and  black  are  often  strikingly  displayed  and  a 
few  species  present  a  considerable  variety  of 
colors.  Their  voice  is  limited  as  a  rule  to 
screaming  cries,  but  a  few  utter  somewhat 
melodious  notes.  The  nests  of  all  are  rude 
structures,  placed  in  trees,  on  rock-cliffs,  on  the 
ground  or  in  some  hole.  The  eggs  are  few  in 
number  — one  to  five  as  a  rule  —  and  arc  laid 
much  earlier  in  the  year  than  is  the  case  with 
birds  generally;  and  they  and  the  young  are 
well  cared  for  and  ably  defended  bv  the  par- 
ents. The  sport  of  falconry  (q.v.)  took  its  name 
from  employing  certain  of  these  birds  in  the 
chase. 

FALCONIO,  fal-kd'neo,  Diomede,  Roman 
Catholic  prelate:  b.  Pescocostanzo,  Italv,  20 
Sept.  1842;  d.  Rome,  8  Feb.  1917.  He  entered 
the  Franciscan  order  2  Sept.  1860,  and  upon 
completing  his  studies  came  to  the  United 
States  as  a  missionary,  reaching  Allegany,  N.  Y., 
December  •  1865  and  being  ordained  priest  by 
Bishop  Timon  of  Buffalo,  4  Jan.  1866.  In  1868 
he  was  named  president  of  the  College  and  Semi- 
nary of  Saint  Bonaventure,  Allegany,  N.  Y.,  and 
on  29  Nov.  1871  was  sent  by  his  superiors  to 
Harbor-Grace,  Newfoundland,  at  the  request  of 
the  bishop  of  that  diocese,  who  appointed 
Father  Falconio  his  secretary  and  chancellor 
and  rector  of  the  cathedral.  In  1882  he  came 
back  to  the  United  States,  where  he  remained 
a  year.  Returning  to  Italy  in  1883,  he  was 
elected  provincial  of  the  Franciscans  in  the 
Abrnzzi,  and  in  1889  he  was  chosen  procurator- 
general  and  later  visitor -general  in  various 
provinces.  He  was  preconized  bishop  of  Lacc- 
donia  11  Julv  1892.  and  on  the  17th  of  that 
month  was  consecrated  at  Rome  by  Cardinal 
Monaco  La  Valletta.  On  2  Feb.  1893,  Monsignor 
raicomo  assumed  cnarge  or  nis  aiocesc.  nc 
was  elevated  to  the  United  Archiepiscopal  See 
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of  Accerenza  and  Matera  in  Basilicata,  29  Nov. 
1895,  but  was  called  thence  by  Leo  XIII.  3  Aug. 
1899,  and  appointed  first  apostolic  delegate  to 
Canada,  taking  possession  at  Ottawa,  1  Oct. 
1899.  On  30  Sept.  1902  he  was  nominated  apos- 
tolic delegate  to  the  United  States  and  assumed 
possession  at  Washington,  D.  C,  21  November 
of  the  same  year.  He  was  elevated  to  the  car- 
dinalate  in  1911.  A  volume  of  *  Pastoral  Let- 
ters' appeared  in  French  in  1900. 

FALCONRY,  or  HAWKING,  the  employ- 
ment of  falcons  in  the  chase.  This  sport  is  of 
Oriental  origin,  and  has  been  practised  in  the 
East  since  before  the  days  of  any  record  —  in 
China  at  least  2,000  years  before  Christ ;  and  it 
was  probably  followed  at  that  date  all  over  Asia 
and  down  into  the  Nile  Valley,  for  falconers 
with  their  hawks  are  depicted  in  some  of  the 
oldest  Egyptian  mural  paintings.  The  sport 
spread  over  Europe  with  the  Roman  domina- 
tion, but  seems  not  to  have  been  introduced  into 
England  until  the  9th  century.  Many  laws  and 
social  customs  regulated  this  pursuit  in  Great 
Britain  and  many  terms  and  phrases  remain  in 
the  language  as  an  inheritance  from  the  art  and 
etiquette  of  this  most  elegant  form  of  the  chase. 
Thus  the  square  frame  on  which  hawks  were 
carried  to  the  field  was  named  a  "cadge,"  and 
the  servant  who  bore  it  a  "cadger" ;  and  a  "cast9 
of  hawks  meant  two  taken  on  a  chase  together. 
To  "man  a  hawk*  was  to  tame  it;  and  one  so 
thoroughly  trained  as  to  be  flown  with  young 
ones  to  snow  them  how  to  work  was  called  a 
"make  hawk*  A  hawk  was  said  to  "mew" 
when  molting,  and  to  "plume*  when  she  pulls 
off  feathers.  A  female  of  any  species,  but  es- 
pecially of  the  peregrine,  is  a  "falcon" ;  a  male 
a  "tiercel";  one  caught  wild  a  "haggard"  or 
"passage  hawk" ;  one  reared  from  the  nest  an 
"eyas."  and  a  young  one  is  a  "red  hawk" ;  while 
a  falcon's  nest  is  an  "cyry"  All  the  actions  of  a 
hawk  in  its  work  are  named.  A  hawk  "stoops* 
when  she  descends  upon  the  "quarry"  (prey) 
with  closed  wings,  to  kill  it  by  a  stroke  of  the 
beak;  she  "binds"  when  she  seizes  large  prey  in 
the  air  and  clings  to  it  in  its  fall,  or  "trusses* 
when  the  prey  is  of  small  size.  A  hawk  is  said 
to  "clutch*  when  (as  do  short-winged  hawks) 
she  seizes  it  in  her  feet;  to  "carry*  when  she 
tries  to  fly  away  with  the  prey ;  to  "check*  when 
she  flies  at  a  bird  other  than  the  one  intended 
for  her;  to  "foot  well*  when  she  kills  success- 
fully; to  "make  her  point"  when  she  rises  and 
hovers  over  some  quarry  which  has  escaped  to 
cover,  as  in  thick  hedges;  to  "ring*  when  she 
rises  spirally  in  the  air;  to  "take  the  air*  when 
she  tries  to  get  above  the  fleeing  quarry;  to 
*wait  on"  when  she  hovers  above  her  master  at 
a  certain  "pitch*  (height),  waiting  for  quarry 
to  be  flushed.  "Seeling"  is  closing  the  eyes  with 
a  fine  thread  (no  longer  done)  ;  "imping,"  mend- 
ing broken  feathers :  "mantling,*  stretching  out 
the  wings  or  one  wing  and  a  leg;  and  "jarak" 
means  keen,  or  in  good  condition  for  work. 

The  extensive  agricultural  changes  which  oc- 
curred in  England  during  the  17th  century, 
causing  the  enclosure  and  improvement  of  waste 
lands;  the  growth  of  towns  and  industry;  the 
altered  temper  of  the  people  preceding  and  dur- 
ing the  Protectorate ;  and  most  of  all  the  intro- 
duction of  firearms,  followed  by  the  sports  of 
shooting  and  the  consequent  preserving  of  game 
—  all  tended  toward  the  decline  of  falconry, 


both  in  England  and  on  the  Continent;  and 
game-keepers  and  peasants  began  to  shoot  as 
"vermin"  the  grand  and  valuable  birds  upon 
which  their  forefathers  had  doted.  Neverthe- 
less the  sport  is  still  followed  by  fanciers  who 
keep  alive  its  traditions. 

The  hawks  used  in  falconry  are  all  true 
falcons,  and  nearly  or  quite  the  whole  list  have 
at  some  time  or  place  been  regularly  trained, 
except  in  the  United  States,  although  here  the 
best  of  material  exists,  in  our  duck-hawk  (the 
peregrine),  pigeon,  and  sparrow-hawks,  south- 
western prairie- falcon  and  others.  A  few  clubs 
here  and  there  have  flown  their  hawks,  but  the 
sport  shows  little  sign  of  becoming  general  in 
North  America.  It  is  more  frequent  in  Central 
and  South  America.  In  North  Africa  and  the 
Orient  the  sport  flourishes  as  much  as  formerly; 
and  there  eagles  arc  often  employed  and  quarry 
as  large  as  gazelles  and  bustards  is  struck  down. 

Falconers  divide  their  birds  into  "long- 
winged"  or  "dark-eyed"  hawks,  and  "short- 
winged"  or  "yellow-eyed"  hawks.  The  first 
class  contains  the  true  falcons,  of  which  the 
great  jerfalcon  (q.v)  was  in  old  times  reserved 
for  royalty,  the  peregrine  for  an  earl  and  the 
others  for  the  nobility ;  hence  these  were  known 
as  "noble,"  while  the  goshawk,  kestrel,  etc.,  on 
account  of  the  inferiority  of  their  masters  as 
well  as  of  their  own  powers,  were  styled  "ig- 
noble" 

Hawks  are  taken  for  training  either  as  nest- 
lings or  when  full-grown.  They  are  trained  by 
being  hooded,  made  to  wear  bands  of  leather 
("jesses")  about  the  legs,  to  which  are  at- 
tached "varvels*  (rings,  sometimes  carrying  bells 
hung  by  "bewits"),  and  a  swiveled  "leash"  ;  and 
gradually  are  accustomed,  at  first  in  complete 
darkness,  to  being  fed  and  handled,  and  later  to 
feeding  in  the  light  and  among  spectators,  and 
finally  to  take  first  live  birds  thrown  toward  it 
and  finally  wild  quarry.  During  this  process 
young  birds  are  much  at  liberty  and  are  then 
said  to  be  "flying  at  hack* 

The  sport  was  one  in  which  women  as  well 
as  men  of  all  classes  might  indulge,  going  afield 
on  foot  and  alone,  or  in  mounted  cavalcades, 
and  often  during  mediaeval  times  with  royal 
pomp.     The    hawks,    hooded,    were  carried 
by  servants  on  frames  suspended  from  their 
shoulders,  but  each  sportsman  was  likely  to  hold 
a  favorite  bird  upon  his  gauntleted  wrist  —  in 
Europe  on  the  left  wrist,  in  the  Orient  on  the 
right.    Dogs,  especially  small  greyhounds  and 
pointers,  were  likely  to  accompany  the  falconer 
and  were  put  to  use  in  flushing  birds,  starting 
hares  and  the  like.    When  the  hunting  scene 
was  reached  the  hawks  were  prepared  for  flight, 
and  some  were  freed  to  "wait  on"  until  quarry 
was  sighted;  but  others,  trained  differently, 
were  kept  hooded  until  the  falconer  himself 
started  or  perceived  the  game,  when  they  were 
unhooded  and  sent  after  it.   The  sportsmen  then 
followed,  watched  the  chase  and  recovered  prey 
and  hawk  as  well  as  they  could.   Good  falcons 
show  a  keen  interest  and  great  intelligence  in 
their  work. 

Many  books  describe  both  the  sport  and  the 
falcons  in  great  detail.  One  of  the  best  of  the 
early  works  is  'The  Booke  of  Faulconrie  or 
Hawking. >  by  Turbcrvillc  (1575)  Recent  Brit- 
ish authors  of  repute  arc  Brodrick,  Salvin, 
Fraeman  ('Practical  Falconry.'  1869).  and  J.  E. 
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Harting  (<Hints  on  the  Management  of  Hawks,* 
1884).  The  latest  general  work  is  'Coursing 
and  Falconry,'  by  Cox  and  Lascelles,  in  the 
Badminton  Library,  1892.  Consult  also  the  ar- 
ticle "An  Ancient  Sport  in  the  New  World,*  in 
Outing  for  March  1914. 

FALDSTOOL,   or   FOLDSTOOL,  the 

name  of  various  pieces  of  English  church  fur- 
niture, the  principal  being  a  portable  folding 
seat,  also  called  faldistory,  similar  to  a  camp- 
stool  used  by  a  bishop  when  officiating  in  other 
than  his  own  cathedral  church;  and  a  small 
desk  at  which  the  litany  is  read,  the  name  dat- 
ing from  a  period  when  folding  lecterns  were 
osed. 

FALEME,  fa-la'me,  a  tributary  of  the 
Senegal  River,  in  West  Africa.  It  rises  in 
Futa-Jallon  and  flows  in  a  northerly  direction 
for  a  total  distance  of  about  300  miles. 

FALERII.    See  Falisci. 

FALERNIAN  WINE,  one  of  the  favorite 
wines  of  the  Romans,  so  called  from  Palernus 
Ager  (the  Falcrnian  Field),  the  district  in 
which  it  was  grown,  in  Campania,  Italy.  It  is 
described  by  Horace  as,  in  his  time,  surpass- 
ing all  other  wines  then  in  repute.  In  the  time 
of  Pliny,  however,  as  he  himself  informs  us, 
Falernian  wine  had  already,  owing  to  a  want 
of  care  in  its  cultivation,  begun  to  decline  in 
quality.   See  Wine. 

FALERNUS  AGER,  a  district  of  northern 
Campania,  in  ancient  Italy,  situated  north  of 
the  river  Volturnus.  It  was  famed  in  classic 
days  for  its  wine.  In  modern  times  the  quality 
of  the  wine  has  declined.  Consult  Nissen. 
'Italischc  Landcskunde'  (Vol.  II.  Berlin  1902). 

FALGUlfiRE,  fa-gyiir,  Jean  Alexandre 

Joseph,  zhori  a-lcx-zaiidr  zlio-zy',  French  sculp- 
tor and  figure  painter:  b.  Toulouse,  France,  7 
Sept.  1831;  d.  Paris  1900.  In  sculpture  his 
work  is  of  very  notable  excellence,  and  displays 
originality  and  vigor  and  grace.  The  Luxem- 
bourg Gallery  in  Paris  contains  his  sculptures: 
'Christian  Martyr*  (1868);  and  'Victor  in  the 
Cock  Fight'  (1870).  'Progress  Abasing 
Error'  is  in  the  Pantheon,  'Poet  Holding  a 
Lyre'  is  in  the  Place  de  I'Opcra,  and  among 
other  works  are  statues  of  Balzac  and  Lamar- 
tinc  and  one  of  Lafayette  in  Washington. 
His  paintings  are  inferior  to  his  sculptures. 

FALIERI,  Marino,  ma-re'nrV  f.i-le-a'rc, 
Doge  of  Venice:  b.  1278;  d.  Venice,  17  April 
1355.  He  commanded  the  troops  of  the  republic  at 
the  siege  of  Zara  in  Dalmaria.  He  there  gained  a 
brilliant  victory'  over  the  King  of  Hungary,  and 
was  afterward  Ambassador  to  Genoa  and  Rome. 
He  was  elected  Doge  of  Venice  on  11  Sept.  1354, 
but  in  the  following  year  dissatisfaction  with 
the  light  punishment  imposed  upon  a  noble  who 
had  insulted  Falieri's  young  wife  caused  him 
to  conspire  with  the  lower  orders  to  overthrow 
the  republic  and  make  himself  sovereign  of  the 
state.  His  plot  was  discovered  on  the  night 
before  it  was  to  have  been  consummated,  and 
he  was  beheaded  17  April  1355.  The  last 
scenes  of  his  life  are  depicted  in  Byron's  trag- 
edy of  'Marino  Falieri.'  Plays  have  been 
written  on  the  same  subject  hv  Casimir  Dela- 
vigne  and  Swinburne.  Consuft  Brown,  Hora- 
tius,  'Studies  in  Venetian  History'  (1907). 


FALISCI,  fa-lis'i,  a  people  of  Etruria,  said 
to  have  been  originally  a  Macedonian  colony. 
They  occupied  Falerii,  one  of  the  12  Etruscan 
cities.  When  they  were  besieged  by  the  Roman 
general  Camillus,  a  schoolmaster  offered  to 
betray  his  pupils  into  the  hands  of  the  enemy, 
that,  by  such  a  possession,  he  might  easily 
oblige  the  place  to  surrender.  Camillus  beard 
the  proposal  with  indignation,  and  ordered  the 
man  whipped  back  to  the  town  by  the  very 


the  Romans. 


FALK,  falk,  Johannes  Daniel,  German  au- 
thor and  philanthropist:  b.  Dantzic,  Prussia.  28 
Oct.  1768;  d.  14  Feb.  1826.  His  capacity  for 
satire  was  considerable.  Among  his  works  arc 
'A  Pocket  Book  for  Friends  of  Jest  and 
Satire'  (1797);  'Men  and  Heroes'  (1796),  a 
satire  in  verse,  and  'Prometheus'  (1804),  a 
dramatic  poem.  He  founded  at  Weimar  in  1813 
an  organization  called  the  "Society  of  Friends  in 
Need,"  and  established  there  an  institution  for 
the  care  of  orphan  and  neglected  children, 
which  later  was  taken  over  by  the  state,  and 
which  still  bears  his  name. 

FALK,  falk.  Max,  Hungarian  politician:  b. 
Pest,  1828;  d.  1908.  He  received  his  education 
at  Pest  and  at  the  Polytechnic  Institute,  Vienna 
In  1848  he  was  made  a  member  of  the  Academic 
Legion,  and  became  editor  of  the  Wanderer,  in 
v.hich  he  advocated  a  restoration  of  the  Hun- 
garian constitution.  Soon  afterward  he  was 
made  private  lecturer  on  Hungarian  history 
and  literature  to  the  empress.  He  wielded  a 
powerful  influence  as  editor  of  the  Pester 
Uoyd,  in  1869  became  a  member  of  the  Hun- 
garian Parliament  and  allied  his  fortunes  with 
the  party  policies  of  Deak.  Eotvos  and  An- 
drassy.  He  published  'Graf  Stephan  Szechcnyi 
und  seine  Zcit*  (1868,  in  German  and  Hunga- 
rian) ;  'Ruckerinncrungen  an  die  Konigin 
Elisabeth'  (1902)  ;  and,  with  Brachclli,  the  12th 
edition  of  Gallettis'  'Allgcmcine  Weltkunde' 
(1860). 

FALK,  Paul  Ludwig  Adalbert,  powl  lood'- 
vih  a'dal-bert  falk,  Prussian  statesman:  b. 
Metschkau,  Silesia.  10  Aug.  1827;  d.  7  July  1900. 
He  was  appointed  Minister  of  Public  Worship 
and  Education  in  1872,  and  in  this  capacity  was 
mainly  instrumental  in  carrying  the  so-called 
May  laws  (because  passed  in  May  1873-74-75), 
aimed  at  the  restriction  of  the  Roman  Catholic 
Church  in  Germany,  by  limiting  the  influence  of 
the  clergy  in  the  schools,  by  reorganizing  the 
seminaries  for  the  training  of  teachers  and  by 
defining  in  a  stricter  and  more  comprehensive 
manner  the  relations  generally  of  the  clergy  to 
the  state.  (See  Kui.tirkampp).  When,  how- 
ever, Bismarck  came  to  bid  for  the  support  of 
the  clerical  party,  in  order  to  carry  out  his  later 
internal  policy,  Falk  was  compelled  to  resign. 
He  was  latterly  president  of  the  Supreme  Court 
at  Hamm.  His  biography  by  Fischer  was  pub- 
lished at  Hamm  in  1900. 

FALKE,  falke'.  Guatav,  German  poet:  b. 
Liiheck,  1853.  He  received  his  education  at  the 
Lubcck  Catharineum,  engaged  in  business  as  a 
bookseller  until  1878,  when  he  began  the  teach- 
ing of  music  at  Hamburg.  In  1903,  on  his  50th 
birthday,  the  Hamburg  Senate  and  Commonalty 
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bestowed  on  him  an  annual  grant  of  3,000 
marks.  Falke's  works  include  the  novels  'Aus 
dem  Durchschnitt'  (1892);  'Landcn  und 
Stranden'  (1895);  and  <Der  Mann  im  Ncbel' 
(1899);  and  the  volumes  of  verse  'Mvnheer 
dcrTod'  (1892);  *Fanz  und  Andarht'  (1893)  ; 
<Neue  Fahrt'  (1897);  'Mit  dem  Lcbcn' 
(1899);  'Hohe  Sommcrtage'  (1902);  'Der 
gesticfclte  Kater'  (1904);  'Frohc  Fracht> 
(1907);  'Hamburg'  (in  'Stadte  und  Land- 
scliaftcn  Scries,'  1908). 

FALKENHAYN,  falk'en-hin,  Erich  G. 
A.  S.  von,  German  general:  h.  11  Sept.  1861. 
He  passed  from  the  War  Academy  in  1880. 
spent  three  years  as  military  instructor  in  China 
and  served  as  major  in  the  German  brigade  of 
occupation  in  eastern  Asia.  He  was  on  the 
staff  of  Count  Waldersee  during  the  Boxer  Re- 
bellion in  1900.  In  1912  he  became  Prussian 
Minister  of  War,  in  which  capacity  he  sup- 
ported Lieutenant  von  Forstner  of  Zabem 
fame.  At  the  outbreak  of  the  European 
War  General  von  Moltke  was  chief  of  the 
general  staff;  he  was  reported  to  have  fallen 
ill  in  October  1914,  and  Falkenhayn  took  over 
his  duties.  As  a  matter  of  fact,  von  Moltke 
was  superseded  on  account  of  disagreement 
with  the  Kaiser.  He  held  that  the  main  strat- 
egic object  should  be  to  break  the  Allied  line 
at  Verdun,  while  the  Kaiser,  unable  to  reach 
Paris,  desired  to  strike  for  the  Channel  coast 
and  attack  England.   Sec  War,  European. 

FALKENSTEIN,  falk'en-stin,  Julius  Au- 
gust Ferdinand,  German  explorer:  b.  Berlin, 
1842.  At  the  University  of  Berlin  he  studied 
medicine  and  geology  and  in  1873-76  was  a 
member  of  an  exploring  expedition  to  Loango 
sent  out  by  the  African  Society  of  Germany. 
On  this  trip  Falkenstein  made  important  dis- 
coveries and  extensive  and  valuahle  collections. 
He  brought  home  the  first  gorilla  ever  taken 
alive  from  Africa.  About  1881  he  founded  the 
German  General  School  Association  which  later 
exerted  great  influence  on  the  educational  sys- 
tems of  foreign  countries.  He  wrote  'Die 
Loango-Kuste  in  72  Original-Photographien' 
(1876)  ;  'Die  I-oango  Expedition'  (1879)  ;  <Af- 
rikans  Westkiistc :  Vom  Ogowe  bis  zum  Dam- 
ara  Land*  (1885);  'Aerrtlicher  Reisebegleiter 
und  Hausfreund'  (10th  cd.,  1893). 

FALKIRK,  fal'kerlc,  Scotland,  a  parliamen- 
tary and  municipal  burgh  of  Stirlingshire,  10 
miles  southeast  of  Stirling  and  25  miles  from 
Edinburgh.  Its  port,  Grangemouth,  is  three 
miles  distant  to  the  northeast  and  two  canals 
pass  close  by  the  town  which  is  a  station  on 
the  North  British  railways.  Falkirk  includes 
the  suburbs  of  Grahamston,  Bainsford,  Camelon 
and  Lauricston.  Notable  features  are  the 
burgh  buildings,  the  town  hall,  a  free  librarv, 
the  Camelon  fever  hospital  and  the  church,  hi 
the  churchyard  lie  several  persons  once  promi- 
nent in  Scottish  history.  Falkirk  is  the  princi- 
pal seat  of  the  iron-casting  industry  of  Scot- 
land, being  conveniently  situated  in  regard  to 
supplies  of  coal  and  iron  ore.  Other  industries 
arc  flour-milling,  brewing,  distilling,  tanning, 
explosives  and  chemicals.  Trysts,  or  cattle 
fairs,  were  long  important  but  have  been  re- 
placed by  local  auction  sales,  held  weekly 
Falkirk  was  an  important  town  as  early  as  the 
11th   century,  being  then  known  as  Eaglais 


breac  ("church  of  speckled  stone*),  later  trans- 
literated as  Egglesbreth.  Near  the  town  in 
1298  was  fought  an  important  battle  between 
the  forces  of  Edward  I  and  those  of  William 
Wallace,  in  which  the  Scots  were  worsted.  In 
1746  Prince  Charles  Edward  with  Highland 
forces  defeated  the  English  under  General 
Hawley.    Pop.  33,574. 

FALKIRK,  Battle  of,  (1)  a  contest  in 
which  Edward  I  of  England  gained  a  victory 


over  Wallace,  22 


l^'S.   The  king's  army  is 


said  to  have  contained  7,000  to  8,000  mounted 
men  and  80,000  footmen.  Wallace's  force 
amounted  to  about  a  third  of  the  English  army. 
His  infantry  was  drawn  up  in  circles,  the  men 
in  the  outer  ring  kneeling  and  holding  their 
lances  obliquely.  The  archers  occupi  cd  the  cen- 
tre of  the  circles.  The  overwhelming  superior- 
ity of  the  enemy's  horse,  however,  decided  the 
battle.  Wallace  retired  with  a  small  body  to 
Stirling,  but  the  bulk  of  his  army  was  broken 
up  and  destroyed.  (See  Wai-lace,  Sir  Wil- 
liam). (2)  A  battle  between  the  forces  of 
Prince  Charles  Edward  (17  Jan.  1746)  and  the 
government  troops  commanded  by  General 
Hawley,  whose  army  was  completely  routed 
and  compelled  to  fall  back  on  Edinburgh. 

FALKLAND,  fak'land,  Lucius  Cary,  Vis- 
count, English  statesman  and  soldier:  b.  prob- 
ably at  Burford.  Oxfordshire,  1610;  d.  Ncw- 
burv.  20  Sept.  1643.  He  was  educated  at  Trinity 
College,  Dublin,  and  Saint  John's  College,  Ox- 
ford, and  in  1630  succeeded  to  the  estates  of 
his  maternal  grandfather.  In  1633  he  suc- 
ceeded his  father  in  the  peerage  and  for  some 
years  after  chiefly  resided  at  his  scat  of  Bur- 
ford,  near  Oxford,  where  he  lived  in  close  in- 
tercourse with  scholars  from  the  neighboring 
universities.  Here  it  was  that  Chilhngworth 
composed  his  famous  work  against  "Popery*; 
and  questions  of  morals,  theology  and  literature 
were  discussed  in  a  congenial  circle  with  the  ut- 
most freedom.  In  1639  he  took  part  in  the  ex- 
pedition against  the  Scots.  At  first  he  warmly 
supported  the  Parliament  party,  but  a  strong 
attachment,  however,  to  establish  forms  and 
some  doubts  of  the  ultimate  objects  of  the 
parliamentary  leaders,  caused  him  to  retract 
He  became  Secretary  of  State  in  January  1642. 
and  took  the  Royalists'  side  in  the  civil  war, 
attending  the  king  at  the  battle  of  Edgehill  and 
the  siege  of  Gloucester.  So  dissatisfied  was 
he  with  both  parties  that  he  courted  death.  At 
the  first  battle  of  Newbury  he  made  for  a  gap 
in  a  hedge  from  which  bullets  were  raining 
and  so  fell.  His  'Poems,'  edited  by  A.  B. 
Grosart,  were  published  in  London  in  1870. 
Consult  Marriott.  'Life  and  Times  of  Lucius 
Cary,  Viscount  Falkland'  (New  York  1907). 

FALKLAND,  Scotland,  a  roval  burgh  in 
Fifeshire,  21  miles  north  of  Edinburgh.  It 
contains  many  ancient  houses.  The  principal 
industries  are  brewing  and  linen-weaving.  A 
noteworthy  structure  is  the  ancient  royal  pal- 
ace of  the  Stuarts,  which  after  centuries  of 
neglect  has  been  restored  by  the  Marquis  of 
Bute  since  1888.  Pop.  2.356.  Consult  Wood, 
•Historical  Description  of  Falkland'  (Edin- 
burgh 1888). 

FALKLAND  ISLANDS,  two  large  islands. 
Fa«.f  Falkland  (3,000  square  miles)  and  West 
Falkland  (2,300  square  miles),  with  about  100 
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islands  surrounding  them,  having  a  total  area  of 
1,200  square  miles,  in  the  South  Atlantic  Ocean, 
about  300  miles  east  of  the  Strait  of  Magellan. 
The  scenery  bears  a  striking  resemblance  to 
parts  of  the  Western  Highlands  of  Scotland; 
the  soil  is  light  and  but  scanty  crops  are  ob- 
tained. The  highest  elevation  is  Mount  Adam, 
2,297  feet  in  height.  The  coast  is  deeply  in- 
dented and  contains  many  safe  anchorages. 
There  are  no  roads.  Sheep  raising  is  the  prin- 
cipal occupation,  there  being  2,325,000  acres  de- 
voted to  pasturage.  The  climate  is  strictly 
oceanic,  characterized  by  strong  winds,  equable 
temperature  and  moderate  rainfajl.  The 
waters  round  the  islands  have  within  re- 
cent years  become  famous  as  a  whale  fish- 
ing ground,  the  exports  of  products  being 
valued  in  1914  at  £1,300,978  (including  South 
Georgia).  Dependencies  of  the  islands  are 
South  Georgia,  the  South  Shctlands,  South 
Sandwich  Group,  South  Orkneys  and  Graham 
Land.  Revenue,  1914,  £42,925;  expenditure, 
£36.046.  Imports,  £233,379;  exports,  £1,505,464. 
Vessels  cleared  (1914),  139,  of  263,965  tons. 
Wireless  telegraphy  was  installed  in  1912  and 
cable  communication  established  in  1915.  There 
is  monthly  mail  communication  with  Liverpool 
(28  days'  sailing).  The  government  is  vested 
in  a  governor  assisted  by  an  executive  council 
of  four  and  a  nominated  legislative  council. 
The  capital  is  Port  Stanley,  on  the  cast  coast 
of  East  Falkland  (pop.  905).  Pop.  3,275, 
mainly  Scottish,  except  for  980  Norse  and 
Swedish.  The  islands  were  discovered  by 
Davis  in  1592.  A  settlement  was  founded  by 
the  French  in  1764,  but  their  rights  were  sold 
to  Spain  in  1765,  who  in  turn  relinquished  them 
in  1 771 .  A  British  colony  which  had  been  es- 
tablished in  1765  was  withdrawn  in  1774,  but 
Great  Britain  maintained  her  claim  from  the 
date  of  her  occupancy,  and  since  1833  has  held 
uninterrupted  occupancy  of  them.  On  8  Dec. 
1914  a  British  squadron,  under  Sir  Frederick 
Sturdcc,  attacked  and  defeated  a  German 
squadron  under  Von  Spee,  sinking  the  cruisers 
Scharnhorst,  Gneisenau,  Leipsic  and  Niirnberg. 
Von  Spec  went  down  with  his  flagship,  the 
Scharnhorst.    See  War,  European. 

FALKLAND  ISLANDS,  Battle  of  the.  A 

naval  engagement  fought  on  8  Dec.  1914  be- 
tween a  British  squadron  under  Rear-Admiral 
Sir  Frederick  Sturdcc  (q.v.)  and  the  German 
Pacific  squadron  under  Admiral  von  Spee.  Of 
the  five  German  battleships  four  were  sunk, 
also  two  transports.  The  Dresden  escaped, 
but  was  sunk  off  Juan  Fernandez  on  14  March 
1915.  See  War,  European— Navai.  Operations. 

FALKNER,  fak'ner,  Roland  Post,  Ameri- 
can statistician :  b.  Bridgeport,  Conn.,  14  April 
1866.  He  was  graduated  at  the  University  of 
Pennsylvania  in  1885;  studied  economics  at 
Berlin,  Leipzig  and  Hallc-on-Saale,  Germany; 
was  instructor  in  accounting  and  statistics  in  the 
University  of  Pennsylvania  in  1888-91,  and 
professor  of  statistics  1891-1900.  He  served 
also  as  statistician  of  the  United  States  Senate 
Committee  of  Finance  in  1891 ;  as  secretary  of 
the  United  States  delegation  to  the  International 
Monetary  Conference;  and  as  secretary  of  the 
conference  in  1892.  He  is  author  of  numerous 
essays  on  criminology,  sociology,  etc. ;  and  was 
editor  of  Annals  of  the  American  Academy  of 


Political  and  Social  Science  1890-1900.  From 
1904  to  1907  he  served  as  commissioner  of  edu- 
cation in  Porto  Rico;  from  1908  to  1911  he  was 
statistician  in  charge  of  school  inquiries  for  the 
United  States  Immigration  Commission,  and  in 
1911-12  was  assistant  director  of  the  census. 
He  has  contributed  essays  on  professional  top- 
ics to  economic,  statistical  and  other  journals, 
and  has  pubUshed  a  translation  of  August 
Meitzen's  'History-,  Theory,  and  Technique 
of  Statistics1  (1893). 

FALKNER,  Thomas,  English  Jesuit  mis- 
sionary: b.  Manchester,  1707;  d.  1784.  Having 
studied  medicine,  he  engaged  as  surgeon  on  a 
slave-ship  of  the  South  Sea  Company,  in  which 
he  sailed  to  the  coast  of  Guinea  in  1731.  He 
next  accompanied  a  cargo  of  slaves  to  Buenos 
Aires,  and  while  there  was  taken  dangerously  ill 
and  was  carefully  tended  by  the  Jesuits.  He 
was  so  impressed  by  the  work  of  the  order 
that  he  became  a  Catholic  and  entered  the 
Jesuit  order.  He  became  a  priest  in  1732  and 
from  that  time  until  1767  labored  as  a  mission- 
ary in  Paraguay  and  the  Rio  dc  la  Plata  region. 
The  expulsion  of  his  order  from  South  America 
in  1767-68  caused  him  to  return  to  England 
where  he  became  a  private  chaplain.  Hc^vrotc 
several  works,  including  'Botanical,  Mineral 
and  Like  Observations  on  the  Products  of 
America'  (1774)  ;  <A  Description  of  Patagonia 
and  the  Adjoining  Parts  of  South  America,' 
of  which  an  uncritical  and  faulty  edition  was 
published  by  one  of  Falkner's  friends. 

FALKNER  ISLAND,  an  island  in  Long 
Island  Sound,  nearly  opposite  Guilford,  Conn. 
Its  chief  feature  is  a  lighthouse,  about  94  feet 
in  height,  with  a  white  flash  light. 

FALK0PING.  fal'che'pliig,  Sweden,  town 
in  Skaraborg.  It  is  an  important  railroad  junc- 
tion and  is  important  in  Swedish  history  as  the 
scene  of  the  victory  of  Margaret  of  Denmark 
and  Norway  over  the  king  of  Sweden  in  1389. 
The  immediate  result  was  the  junction  of 
Sweden  with  Denmark  and  Norway.   Pop.  4,800. 

FALL,  Albert  Bacon,  American  legislator: 
b.  Frankfort,  Ky.,  26  Nov.  1861.  He  was  edu- 
cated in  the  country  schools,  but  was  principally 
self-taught.  From  1879  to  1881  he  taught 
school  and  read  law,  and  from  1889  to  1904  was 
a  practising  lawyer.  He  worked  on  a  farm,  on 
a  cattle  ranch  and  as  a  miner.  He  became  in- 
terested in  mines,  lumber,  lands  and  railroads, 
and  for  many  years  has  been  engaged  in  farm- 
ing, stock-raising  and  mining.  He  served  in 
the  legislature  of  New  Mexico  and  also  as  asso- 
ciate justice  of  the  Supreme  Court  of  New 
Mexico,  and  member  of  the  Constitutional  Con- 
vention. On  27  March  1912  he  was  elected  by 
the  legislature  to  the  Senate  of  the  United 
States  for  the  short  term  expiring  4  March  1913. 
He  was  re-elected  in  June  1912,  and  his  cre- 
dentials not  being  signed  by  the  governor  he 
was  again  elected  on  23  Jan.  1913  for  the  term 
1913-19. 

FALL.  See  Waterfall  and  Cataracts. 

FALL  ARMY  WORM,  the  caterpillar  of  a 
gregarious  moth  (Lophygma  fntgiperda).  See 
Grass  Worm. 

FALL-FISH,  or  SILVER  CHUB,  a  cy- 

prinodont  fish,  or  "minnow*  {Semotilus  cor- 
pora/is) of  the  eastern  United  States.   It  is 
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very  common  east  of  the  Alleghanies  in  clear, 
swift  streams  and  rocky  pools,  and  has  been 
known  to  reach  18  inches  m  length.  It  is  steel 
blue  above,  sides  and  belly  silvery,  but  in  the 
breeding  season  the  fins  and  lower  surface  of 
the  males  are  rosy.  The  fins  are  of  moderate 
size  and  unspotted. 

FALL  OF  THE  HOUSE  OF  USHER, 
The^  one  of  the  most  famous  of  the  prose  tales 
of  Edgar  Allan  Poe,  is  to  be  grouped  among  the 
author's  stories  of  morbid  psychology.  The 
strange  obsession  which  afflicts  the  chief  char- 
acter may  be  described  as  the  fear  of  fear. 
The  'Fall  of  the  House  of  Usher'  conforms 
admirably  to  Poe's  dictum  that  every  word  in  a 
short  story  should  tend  toward  a  preconceived 
effect.  The  sense  of  gloom  and  depression  pro- 
duced in  the  opening  sentence  is  maintained  and 
if  anything  deepened  to  the  close.  The  scene  is 
laid  "Out  of  space  — out  of  time,"  yet  it  gives 
a  thrilling  impression  of  reality.  The  story 
also  illustrates  the  author's  skill  in  preparing 
for  the  end,  both  by  minor  details  which  ex- 
plain later  happenings,  and  by  more  elusive 
methods.  Thus,  the  momentary  repulsion  which 
the  visitor  feels  on  meeting  the  physician  is 
connected  with  the  decision  regarding  the  tcra- 

Eorary  entombment  of  Madeline,  narrated  pages 
iter;  and  the  picture  painted  by  Usher  inevi- 
tably suggests,  though  in  no  very  tangible  way, 
the  vault  in  which  the  coffin  is  placed.  The 
poem,  'The  Haunted  Palace,'  recited  by  the 
chief  character,  is  an  allegory  of  a  ruined  mind. 
No  story  of  Poe's  shows  better  handling  of  at- 
mosphere, and  it  is  justly  ranked  as  one  of  the 
most  admirable  of  its  class.  It  was  first  pub- 
lished in  Burton's  Gentleman's  Magazine  in 
1839,  and  was  revised  for  the  collection  of 
Poe's  tales  issued  in  1845. 

William  B.  Caibns. 

FALL  LINE.  The  boundary  between  the 
Atlantic  Coastal  Plain  and  the  Piedmont  Belt 
(q.v.)  to  the  west  is  marked  by  falls  or  rapids 
on  most  of  the  streams,  due  to  the  fact  that 
the  rivers  can  cut  more  rapidly  on  the  soft 
unconsolidated  rocks  of  the  coastal  plain  than 
on  the  harder  crystalline  rocks  of  the  adjacent 
region.  At  an  early  date  the  falls  marked  the 
head  of  navigation  for  coastwise  trade.  Power 
is  also  largely  developed  along  the  fall  line, 
which  has  been  responsible  for  the  location  of 
numerous  cities,  among  which  arc  Trenton, 
Philadelphia,  Baltimore,  Washington,  Rich- 
mond, Raleigh,  Columbia,  Macon  and  Mont- 
gomery. 

FALL  OF  MAN,  a  commonly  received  doc- 
trine of  Christianity,  founded  upon  the  his- 
torical narrative  contained  in  the  third  chapter 
of  the  book  of  Genesis,  together  with  the  al- 
lusions to  the  same  matter  in  other  parts  of 
Scripture.  The  history  of  the  fall,  as  given  in 
Genesis,  contains  the  following  particulars: 
God  having  placed  Adam  and  Eve  in  the  garden 
of  Eden  and  forbidden  them  under  pain  of 
death  to  eat  of  the  fruit  of  the  tree  of  the 
knowledge  of  good  and  evil.  Eve,  tempted  by  the 
serpent,  first  ate  of  the  fruit  herself,  and  after- 
ward gave  of  it  to  her  husband,  who  followed 
her  example.  Both  were  driven  out  of  Eden. 
Punitive  sentences  were  passed  upon  each  of 
them,  and  upon  the  serpent,  which  is  alluded  to 
by  Saint  Paul  as  representing  the  devil.  In  the 
subsequent  narrative  the  consequences  of  the 
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fall  significantly  appear.  The  first  man  bora 
of  the  original  pair  is  a  murderer,  and  his  de- 
scendants grow  in  wickedness  until  a  flood  is 
sent  to  carry  them  away.  As  might  be  expected, 
this  most  suggestive  narrative  has  given  rise  io 
inexhaustible  controversy.  The  opinions  on  the 
fall  may  be  divided  into  three  classes:  those 
which  reject  the  narrative  altogether ;  those 
which  accept  it  as  a  mythical  or  allegorical  ac- 
count of  the  origin  of  evil ;  those  which  regard 
it  as  in  the  main  historical.  As  a  mere  matter 
of  literary  criticism,  the  uninterrupted  flow  of 
the  narrative  down  to  times  and  events  evidently 
historical,  together  with  the  uniformity  and 
briety  of  Us  style,  leave  little  ground  for  the 
supposition  that  the  writer  himself  supposed  ht 
was  dealing  in  allegory.  The  historical  view 
of  the  fall,  besides  the  theoretical  controversies 
to  which  it  gives  ri»c  as  to  its  account  of  the 
origin  of  evil,  encounters  difficulties  from  two 
sources  —  the  modern  sciences  of  chronology 
and  ethnology.  In  the  meantime  these  remain 
difficulties  only  as  these  sciences  are  by  no 
means  in  a  state  of  sufficient  maturity  to  allow 
their  conclusions  to  be  absolutely  applied  It 
is  remarkable  that  in  most  mythologies  the  ser- 
pent is  worshiped  as  a  beneficent  being,  though 
Tylor  shows  that  Aji  Dahaka  of  the  Zarathus- 
tnans  (Zo roast rians),  which  is  a  personification 
of  evil,  may  have  an  historical  connection  with 
the  serpent  of  Eden.  With  regard  to  the 
relation  of  man's  fall  to  that  of  Adam,  Saint 
Paul  says  uby  one  man's  disobedience  many 
were  made  sinners*  (Rom.  v,  19),  and  "as  by 
one  man  sin  entered  into  the  world,  and  death 
by  sin,  and  so  death  passed  upon  all  men  tor 
that  all  have  sinned*  (ver.  12).  It  seems  im- 
possible to  reconcile  the  constant  appeals  made 
in  Scripture  to  the  moral  nature  of  man  with 
the  notion  that  that  nature  is  inherently  and 
radically  corrupt.  It  would  also  appear  that  the 
statements  of  Scripture  with  icgard  to  the 
actual  moral  condition  of  man,  strong  as  they 
are,  do  not  absolutely  require  this  made  of  ac- 
counting for  them.  Without  supposing  any 
radical  change  of  man's  moral  nature,  or  even 
any  change  of  it  whatsoever  it  is  only  necessary 
to  suppose  a  change  in  his  relation  to  God  to 
explain  all  that  is  said  regarding  him.  It  is 
supposed  that  man's  moral  nature  consists  of 
capabilities  which  arc  good  or  bad  according  as 
they  are  directed,  and  that  God  himself  is  the 
ob;ect  of  all  its  highest  aspirations.  The  fall 
being  supposed  to  consist  in  the  alienation  of 
man  from  God,  it  is  easy  to  perceive  that  all 
these  aspirations,  being  deprived  of  their  proper 
objects,  must  apply  themselves  to  improper  ones, 
and  become  evil  in  their  tendency;  hence  the 
sudden  rise  of  pride,  selfishness,  ambition  and 
all  evil  passions.  In  as  far  also  as  man's  nature 
is  affected  by  the  hereditary  transmission  of 
qualities  it  might  become  actually  vitiated  in  its 
tendencies  and  this,  together  with  the  accumula- 
tion of  evil  habits,  would  produce  those 
climaxes  of  violence  or  corruption  which  have 
from  time  to  time  convulsed  or  disintegrated 
society,  which  have  called  forth  the  denuncia- 
tions of  prophets  and  by  their  very  excesses 
have  produced  a  reaction,  which,  however,  has 
left  human  nature  as  incompetent  to  guide 
itself  as  ever  and  ready,  after  a  period  of  re- 
pose, to  progress  toward  another  crisis.  The 
fall,  according  to  this  view,  consists  in  the  moral 
inadequacy  of  man's  nature  when  left  to  itself, 
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and  the  actual  evils  flowing  from  this  inade- 
quacy. It  is  argued  hy  theologians  that  in  the 
original  sentence  pronounced  on  the  trans- 
gressors there  is  contained  the  promise  of  a 
redemption  and  they  maintain  that  the  whole 
scope  of  Scripture  is  directed  to  the  develop- 
ment of  this  promise  and  of  the  scheme  of 
providence  associated  with  it.  It  is  from  the 
New  Testament,  however,  and  not  from  the 
Old,  that  the  whole  doctrine  of  the  fall  has 
been  built  up.  Milton  seized  on  this  as  the 
groundwork  of  his  two  great  poems.  (Sec 
Adam;  Original  Sin).  Consult  Brown.  'Chris- 
tian Theology  in  Outline'  (New  York  1906)  ; 
Fisher,  'History'  of  Christian  Doctrine'  (ib. 
1896)  ;  Clarke,  "Outline  of  Christian  Theology' 
(ib.  1899);  Harnack,  'History  of  Dogma'  (Bos- 
ton 1899)  ;  Mackintosh,  « Christianity  and  Sin' 
(New  York  1914). 

FALL  RIVER,  Mass..  citv,  port  of  entry, 
in  Bristol  County,,  on  Mount  Hope  Bay  at  the 
mouth  of  the  Taunton  River ;  on  the  New  York, 
New  Haven  and  Hartford  Railroad,  49  miles 
south  of  Boston.  It  is  connected  with  New 
York  by  the  Fall  River  line  of  steamers,  with 
Philadelphia  by  the  Merchants  and  Miners 
freight  line  and  with  New  England  seaports  by 
passenger  and  freight  lines  of  steamers.  The 
area  of  the  city  is  41  square  miles  and  it  is 
200  feet  above  sea-level.  It  has  a  good  harbor, 
sufficiently  commodious  for  the  largest  steamers 
and  excellent  water  power,  as  the  Fall  River, 
the  outlet  of  Watuppa  Lake,  has  a  fall  of  129 
feet  in  less  than  half  a  mile.  The  water  for 
city  uses  comes  from  Lake  Watuppa  and  the 
waterworks  plant  is  owned  by  the  municipality. 
The  streets  are  well  laid  out;  many  of  the 
buildings  are  constructed  of  the  granite  which 
is  found  in  the  vicinity.  It  has  excellent  public 
and  parish  schools,  notably  the  B  M.  C.  Durfce 
public  high  school  and  the  Academy  La  Ste. 
Union  des  Sacres  Coeurs;  good  circulating  li- 
braries, a  State  armory,  over  half  a  hundred 
churches  and  chapels,  daily  and  weekly  news- 
papers and  electric  street  railway  connections 
with  neighboring  cities  and  towns.  Among 
educational  and  charitable  institutions  arc  Notre 
Dame  College,  the  free  textile  school,  free  civil 
service  school,  the  Conservatory  of  Music, 
Boys'  Club,  Home  for  the  Aged.  Five  public 
parks  have  been  laid  out  in  various  parts  of  the 
citv,  and  there  arc  beautiful  drives  to  the 
suburbs. 

Fall  River  is  the  largest  cotton-milling  city 
in  the  United  States.  According  to  the  Federal 
census  of  1010  the  citv  had  288  manufacturing 
establishments,  employing  $82,086,000  capital 
and  37.139  persons;  paying  $16,853,000  for 
wages,  and  $35,524,000  for  materials;  and  hav- 
ing a  combined  output  valued  at  $64,146,000. 
The  cotton  industry,  42  establishments  with 
$46,000,000  capital,  and  a  combined  output 
valued  at  $30,000,000.  Next  in  value  of  output 
was  the  dyeing  and  finishing  of  textiles 
($3,000,000).  Other  important  manufactures 
were  foundry  and  machine-shop  products 
($1,000,000)  ;  bakery  products  ($600,000).  There 
are  also  manufactories  of  calico  prints,  ging- 
hams, woolen  goods,  men's  hats,  fur  goods, 
pianos,  knit  goods,  yarn,  thread,  boots  and 
shoes,  spools  and  bobbins,  carriages,  rope  and 
twine,  rubber,  soap,  etc.  Granite  quarrying  also 
employs  a  considerable  number  of  men.  The 
city  has  a  number  of  national  banks,  with  a 


capital  of  about  $2,500,000  and  several  savings 
and  co-operative  hanks.  The  exchanges  at  the 
United  States  clearing-house  during  the  year 
ending  30  Sept.  1910  aggregated  $61,031,300. 

The  United  States  census  of  manufactures 
for  1°14  showed  within  the  city  limits  315  in- 
dustrial establishments  of  factory  grade,  em- 
ploying 38,0°7  persons;  36,834  being  wage 
earners,  receiving  annually  a  total  of  $lo,131,000 
in  wages.  The  capital  invested  aggregated 
$89,290,000  and  the  year's  output  was  valued  at 
$64,663,000:  of  this,  $27,502,000  was  the  value 
added  by  manufacture. 

The  government,  under  a  charter  of  1902. 
is  vested  in  a  mayor,  chosen  annually,  a  board 
of  aldermen,  consisting  of  27  members,  and 
subordinate  administrative  officials.  Of  these, 
the  school  committee  of  nine  members  is  chosen 
by  popular  election.  Fall  River  has  an  ex- 
cellent system  of  sewers,  is  lighted  by  gas  and 
electricity.  It  was  settled  by  grantees  of  the 
Plymouth  Colony,  along  Mount  Hope  Bay  upon 
land  obtained  by  treaty  with  Massasoit,  chief 
of  the  Wampanoags.  Its  inhabitants  took  a 
prominent  part  in  the  War  of  King  Philip  and 
the  territory  long  remained  the  hunting  ground 
of  the  tribe.  An  Indian  reservation  is  still 
maintained.  The  village  was  included  within 
the  limits  of  Freetown  until  1803,  when  it  was 
incorporated  as  a  separate  town  under  its 
present  name.  It  was  called  Troy  from  1804 
to  1834,  when  its  old  name  was  restored.  In 
1854  Fall  River  was  chartered  as  a  city  and  in 
1862,  on  the  readjustment  of  the  Massachu- 
setts-Rhode Island  boundary,  a  part  of  the  town 
of  Tiverton,  R.  I.,  wfth  a  population  of  3,590, 
was  annexed.  On  2  July  1843,  a  disastrous  fire 
destroyed  several  buildings  and  other  property. 
Consuh  Earl,  'A  Centennial  Historv  of  Fall 
River'  (New  York  1877).  Pop.  125.443,  in- 
cluding over  50.000  persons  of  foreign  birth  and 
about  400  of  negro  descent.  The.  population 
includes  also  a  great  number  of  Canadian 
French. 

FALL  TRANK,  a  drink  once  reputed  to 
cure  the  effects  of  falls;  a  vulnerary  made 
from  several  aromatic  and  slightly  astringent 

Slants  which  grow  chiefly  on  the  Swiss  Alps; 
ence  the  name  Vulneraire  Suisse,  given  to  such 
dried  plants  cut  into  fragments.  Within  the 
19th  century,  in  England,  a  kind  of  vulnerary 
known  as  black  beer  was  often  prescribed  in 
country  practice  for  inward  bruises. 

FALL  WEBWORM.  See  Webworms. 

FALLACY,  in  logic,  an  argument  used  as 
decisive  of  a  particular  issue,  which  in  reality  it 
does  not  decide.  Fallacies  are  variously  class- 
ified by  different  logicians.  A  fallacy  may 
either  exist  in  the  substance  or  in  the  form 
of  the  argument.  If  it  exists  in  the  substance 
it  docs  not  belong  to  logic,  as  commonly  un- 
derstood, to  expose  it ;  but  logicians  differ  as 
to  what  constitutes  the  proper  distinction  be- 
tween form  and  substance.  .1.  S.  Mill  in  partic- 
ular extends  the  sphere  of  logic  in  respect  to 
the  treatment  of  fallacies  beyond  what  has  been 
usually  assigned  to  it- 

FALLEN  TIMBERS,  Battle  of.  20  Aug. 
1794.  on  the  Maumee  River,  about  15  miles 
from  Toledo,  Ohio.  The  Indians  had  about 
2,000  warriors,  with  70  white  rangers,  French, 
English  and  renegade  Americans ;  they  were  in 
a  line  some  two  miles  long  at  right  angles  to 
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the  river,  behind  a  forest  blown  down  by  a 
hurricane.  Wayne  had  some  3.000  men;  2,000 
regulars  and  1,000  mounted  volunteers  from 
Kentucky,  under  Charles  Scott,  who  were 
thrown  to  the  left  to  turn  the  enemy"s  flank. 
The  Indians  began  the  attack  and  drove  in  the 
advance  volunteers;  then  Wayne  sent  his  regu- 
lar cavalry  to  repel  them,  while  his  first  line 
of  infantry  advanced  with  trailed  arms,  firing 
at  close  range  and  then  charging  with  the 
bayonet.  Both  attacks  were  entirely  successful. 
Less  than  1,000  of  the  Americans  were  engaged. 
They  chased  the  Indians  up  to  the  British  fort 
some  miles  away.  Their  total  loss  was  33 
killed  and  100  wounded,  the  Indians  and  British 

Erobably  losing  two  or  three  times  as  many 
illed.  Eight  Wyandot  chiefs  were  slain.  This 
defeat,  the  greatest  ever  suffered  by  the  north- 
western Indians,  led  in  the  following  year  to 
the  treaty  of  Greenville  (q.v.). 

FALLlfeRES,  fa'ly'er,  Clement  Armand, 
French  politician  and  statesman:  b.  Mezin  in 
the  department  of  Lot-et-Garonne,  6  Nov.  1841. 
He  studied  law  and  was  admitted  to  the  bar  of 
Nerac  and  from  1871-75  was  mayor  of  that  city. 
In  1876,  1877  and  1878  he  was  elected  as  a  Re- 
publican to  the  Chamber  of  Deputies,  in  the 
latter  year  being  appointed  Minister  of  the 
Interior,  a  position  which  he  again  occupied  in 
1882  and  1883.  From  1883-85  and  again  from 
1889-90  he  was  Minister  of  Public  Instruction ;  in 
1887  Minister  of  the  Interior;  and  in  1887-88 
and  again  from  1890-92  Minister  of  Justice.  In 
1890  he  was  elected  senator,  a  position  which 
he  has  held  ever  since.  In  1899,  when  Loubet 
became  President  of  the  Republic,  Fallieres 
succeeded  him  as  president  of  the  Senate,  a  post 
to  which  he  was  elected  in  1900  and  on  11  Jan. 
1906.  On  17  Jan.  1906  the  National  Assembly 
elected  him  President  of  the  Republic  to  suc- 
ceed Loubet  (q.v.). 

FALLING  BODIES.  See  Acceleration; 
Force;  Force  of  Gravity;  Gravitation; 
Gravity;  Mechanics,  etc. 

FALLING-SICKNESS.   See  Epilepsy. 

FALLING  STARS.  See  Shooting  Stars. 

FALLMERAYER,  Jacob  Philipp,  yakop 
fe'lip  fal'  me-ri-er,  German  author:  b.  Tschotsch, 
Austrian  Tyrol,  10  Dec.  1790;  d.  Munich,  26 
April  1861.  He  fought  in  the  War  of  Libera- 
tion; in  1848  was  appointed  professor  of  his- 
tory at  Munich.  As  a  scholar,  especially  linguist, 
and  as  an  explorer  of  the  Orient  his  fame  is 
international  and  his  work  authoritative.  He 
published  'Fragments  from  the  Orient' 
(1845);  'History  of  the  Peninsula  of  Morea 
in  the  Middle  Ages'  (1830),  and  other  import- 
ant writings. 

FALLON,  Michael  Francis,  Canadian 
Catholic  prelate:  b.  Kingston,  Ontario,  1867.  He 
was  educated  at  Ottawa  College  and  at  the 
Gregorian  University,  Rome,  and  was  ordained 
to  the  priesthood  in  1894.  He  became  a  mem- 
ber of  the  Ohlates  on  his  return  to  Canada  and 
was  appointed  professor  of  English  literature 
at  Ottawa  University  of  which  he  was  subse- 
quently vice-rector.  In  1898-1901  he  was  rector 
of  Saint  Joseph's  Church,  Ottawa  and  from  1901 
to  1<XW  of  Holy  Angels,  Buffalo.  From  1904 
to  1909  he  was  provincial  of  the  Oblates  of 
Maiy  Immaculate  and  in  the  latter  year 
consecrated  bishop  of  London,  Ontario. 


FALLOPIAN  TUBES,  two  ducts  or  canals 
about  five  inches  long  and  one-third  of  an  inch 
in  diameter,  attached  to  the  upper  corner*  of 
the  uterus.  Within  they  are  lined  by  a  mucous 
membrane  continuous  with  that  of  the  uterine 
cavity,  but  differing  in  having  cilia.  Outside  of 
the  mucous  membrane  there  is  a  thin  layer  of 
muscle-tissue.  The  outermost  layer  is  from  the 
peritoneum,  in  large  part  a  fold  of  the  'broad 
ligament  *  At  the  free  end  the  tube  flares  out 
into  fimbriae,  thus  exposing  a  large  surface  to 
catch  the  ova  given  off  from  the  surface  of  the 
adjacent  ovary.  Aided  by  the  waving  cilia,  an 
ovum  passes  down  this  tube  to  the  uterine 
cavity,  there  to  undergo  development  or  to  be 
extruded  with  menstrual  blood.  Spermatozoa 
can  pass  up  the  Fallopian  tubes  and  impregnate 
an  ovum  within  the  lumen.  Development  then 
becomes  possible,  giving  rise  to  tubal  pregnancy 
or  ectopic  gestation. 

FALLOPIO,  Gabriello  jjja-bre-ald  fal-lop'- 
pe-6  (usually  known  as  Fallopius),  Italian 
anatomist:  b.  Modena,  1523;  d.  9  Oct.  1562.  He 
studied  at  Ferrara  and  at  Padua,  at  which  last 
place  he  is  said  to  have  attended  the  lectures 
of  Vesalius.  He  became  professor  at  Ferrara, 
whence,  in  1548  he  removed  to  Pisa.  He  con- 
tinued there  three  years  and  was  then  made 
professor  of  surgery,  anatomy  and  the  materia 
mcdica  at  Padua,  where  he  remained  till  his 
death.  The  principal  work  of  Fallopius  is  his 
'Observations  Anatomica:'  (1561,  8vo.),  which, 
as  well  as  his  other  writings,  has  been  sev- 
eral times  reprinted.  He  was  the  first  anat- 
omist who  accurately  described  the  vessels  and 
bones  of  the  foetus  and  his  account  of  the 
Fallopian  tubes  in  females  has  perpetuated  his 
name. 

FALLOUX,    Frederic    Alfred  Pierre, 

fra-da-nk  al-fred  pe-ar  fa-loo,  French  writer: 
b  Angers.  France,  7  May  1811 ;  d.  there.  7  Jan. 
1886  Legitimist  and  clerical  sympathies  influ- 
enced his  career.  He  was  one  of  the  last  sur- 
vivors of  the  Liberal  Catholic  School,  was  for 
a  time  Minister  of  Education  under  Napoleon 
III  and  passed  an  act  very  acceptable  to  the 
clericals.  He  was  elected  to  the  Academy  in 
1857.  His  efforts  to  reconcile  the  Orleanist  and 
Bourbon  factions  in  1876  recoiled  upon  himself. 
His  typical  writings  are  'Madame  Swetchine, 
Her  Life  and  Works'  (15th  ed.,  1884)  ;  'Story 
of  Louis  XVP  (6th  ed..  1881);  and  'Political 
Speeches  and  Miscellany'  (1882).  His  memoirs, 
edited  by  Veuillot,  were  issued  in  1888. 

FALLOW,  land  which,  after  being  tilled,  is 
left  for  a  season  or  more  without  being  planted 
or  sown.  The  Roman  system  of  wheat  raising 
was  a  rotation  of  fallow  and  wheat  alternately. 
Under  the  Romans  Britain  exported  a  great 
quantity  of  wheat,  and  for  centuries  afterward 
the  same  system  was  followed.  The  method 
presupposed  a  moderately  fertile  soil,  and 
turned  out  best  where  clay  was  present.  The 
object  of  fallowing  is  to  liberate  fertilizing  ele- 
ments from  the  mold,  admitting  air  and  destroy- 
ing noxious  plants  and  insects.  Improvements 
in  agricujtural  methods  and  the  multiplication 
of  fertilizing  material  has  caused  the  abandon- 
ment of  this  resort  to  fallowing  which,  how- 
ever, might  in  some  cases  be  revived  with  ad- 
vantage.   For  summer  fallow  the  land  should 
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be  ploughed  at  the  end  of  May ;  for  winter 
fallow  the  land  should  be  ploughed  in  autumn. 

Fallow  crops  is  a  term  applied  to  green 
manuring  crops  which  are  of  more  advantage 
in  moist  than  in  dry  climates,  where  injury  is 
likely  to  be  wrought  by  autumnal  draughts. 
Bastard  fallowing  is  the  Scotch  practice  of 
ploughing  hay-stubble  at  the  end  of  summer. 
It  is  known  in  North  America  as  short  fallow 
and  is  very  beneficial. 

FALLOW  DEER,  a  species  (Cervus 
dama)  of  deer  native  in  southern  Europe, 
northern  Africa  and  eastward  of  Persia,  rep- 
-resenting  a  group  of  Cervid*  in  which  the 
antlers,  borne  only  by  the  bucks,  are  round  at 
the  base,  but  are  more  or  less  flattened  at  the 
extremities.  These  deer  were  introduced  into 
northern  Europe  many  centuries  ago  and  now 
are  one  of  the  common  park  deers  of  Great 
Britain  and  elsewhere,  while  still  remaining 
wild  in  their  native  regions.  In  size  they  are 
small  (three  feet  tall  at  the  withers)  and  in 
color  vary  from  fawn  to  dark  brown,  the  fine 
soft  coat  ornamented  with  large  whitish  spots, 
which  in  some  varieties  have  almost  disappeared 
except  in  the  fawns.  The  under  parts,  and 
lower  side  of  the  rather  long  tail  are  white. 
The  antlers  do  not  reach  their  full  development 
until  the  fifth  year.  These  deer  assemble  in 
large  herds  when  free,  and  feed  mainly  on 
herbage,  but  are  fond  of  certain  other  foods, 
especially  horse  chestnuts,  which  the  bucks 
knock  off  the  trees  with  their  antlers.  They 
are  favorites  in  parks  because  of  their  lame- 
ness approaching  confidently  the  persons  with 
whom  they  are  familiar  and  their  flesh  is  re- 
garded as  the  best  of  venison.  Two.  or  three 
fossil  species  are  known,  from  remains  in 
recent  deposits,  indicating  recent  extinction. 
The  most  remarkable  of  these  is  the  animal 
usually,  but  erroneously,  called  "Irish  elk»  de- 
scribed below. 

Giant  Fallow  Deer.— In  the  peat-bogs  of 
Ireland,  and  in  caves  and  superficial  deposits 
in  Britain  and  on  the  Continent,  have  been 
found  many  skeletons  of  a  fallow  deer  which 
surpassed  even  the  moose  in  stature,  standing 
six  feet  high  at  the  shoulders,  and  carrying 
antlers  that  in  some  large  specimens  measure 
11  feet  from  tip  to  tip.  These  antlers 
were  broadly  palmate,  as  in  the  moose,  but 
their  "points™  curled  upward.  There  is  much 
evidence  that  these  magnificent  deer  continued 
to  exist  after  the  beginning  of  the  human  oc- 
cupation of  Europe,  and  probably  owes  its 
extinction  to  extermination  by  prehistoric  man. 
A  similar  extinct  species,  Ruff's  deer,  is  found 
fossil  in  Germany. 

FALLOWS,  Samuel,  American  Reformed 
Episcopal  bishop:  b.  Pendleton,  Lancashire, 
England,  13  Dec.  1835.  He  came  to  America  in 
1848,  was  graduated  at  the  University  of  Wis- 
consin in  1859,  was  minister  in  the  Methodist 
Episcopal  Church  1859-75  and  later  of  the  Re- 
formed Episcopal  Church.  He  served  with  dis- 
tinction in  the  Civil  War;  was  State  superin- 
tendent of  public  instruction  in  Wisconsin  1871- 
74;  regent  of  the  University  of  Wisconsin  in 
1866-74,  and  president  of  Wesleyan  University 
in  1874-75.  He  became  rector  of  Saint  Paul's 
Reformed  Episcopal  Church  in  Chicago  in  1875 
and  bishop  in  1876.  He  was  chairman  of  the 
Educational  Congress  of  the  World's  Colum- 


bian Exposition  1893 ;  president  of  the  board  of 
managers  of  the  Illinois  State  Reformatory 
1891-1912;  chaplain-in-chief  of  the  Grand  Army 
of  the  Republic  1907-08,  and  its  national  pa- 
triotic instructor  1908-09;  commander  Military 
Order  of  the  Loyal  Legion  of  the  United  States 
for  Illinois  1907;  department  commander  for 
Illinois  of  the  Grand  Army  of  the  Republic 
1914-15;  president  of  the  State  Illinois  Com- 
mission for  the  International  Celebration  of  the 
50th  Anniversary  of  Negro  Freedom  and  Con- 
duct of  the  Lincoln  Jubilee  1913-16.  He  is  the 
author  of  numerous  works,  including  'Hand- 
book of  Abbreviations  and  Contractions'  * 
'Life  of  Samuel  Adams>;  'Students*  Biblical 
Dictionary* ;  'Past  Noon*;  'Splendid  Deeds * ; 
'Supplemental  Dictionary  of  the  English  Lan- 
guage'; 'Popular  and  Critical  Biblical  Ency- 
clopedia' (1901);  'Health  and  Happiness* 
(1908). 

FALLS  CITY,  Neb.,  city,  county-seat  of 
Richardson  County,  on  the  Chicago,  Burling- 
ton and  Quincy  and  the  Missouri  Pacific  rail- 
roads, about  85  miles  southeast  of  Lincoln.  Its 
chief  manufactures  arc  flonr,  canned  goods, 
cigars,  foundry  products,  furniture,  cement, 
stock  powder,  cider,  vinegar  and  beer.  The  trade 
is  chiefly  in  wheat,  corn,  cattle  and  manufactured 
articles.  It  has  railroad  shops,  grain  elevators 
and  a  poultry-packing  plant.  The  electric-light 
and  waterworks  plants  are  owned  by  the  city. 
It  has  a  good  public  library.  Pop.  3,500. 

FALMOUTH,  fal'muth.  England,  munici- 
pal borough  and  seaport  in  the  county  of  Corn- 
wall, at  the  mouth  of  the  Fal  River,  11  miles 
from  Truro,  and  is  an  important  point  of  call 
for  steamer  lines.  It  has  a  good  harbor,  the 
docks  extending  to  100  acres,  and  a  fine  and 
spacious  roadstead.  There  are  two  castles  on 
the  coast,  one  of  which,  Pendennis,  commands 
the  entrance  of  the  harbor  on  the  west,  and  the 
other,  on  the  opposite  side,  is  Saint  Mawes 
Castle.  Its  trade  consists  chiefly  in  engineer- 
ing, shipbuilding  and  ropemaking.  Great  im- 
provements have  been  made  on  the  sea  front, 
and  Falmouth  has  risen  into  favor,  owing  to  its 
beautiful  surroundings  and  mild  and  equable  cli- 
mate, as  a  wintering  resort.  The  borough  forms 
part  of  the  parliamentary  borough  of  Pcnryn 
and  Falmouth.    Pop.  13,132. 

FALMOUTH,  Ky.,  city  and  county-  seat  of 
Pendleton  County,  59  miles  northeast  of  Lex- 
ington, on  the  Licking  River  and  on  the  Louis- 
ville and  Nashville  Railroad.  It  is  in  an  agri- 
cultural and  dairying  region,  with  a  trade  in 
tobacco,  grain,  clover  seed  and  live  stock,  and 
has  flour,  lumber  and  woolen  mills,  tobacco 
warehouses,  a  creamery,  distillery  and  cannery. 
It  contains  two  banks  with  resources  of  $600,- 
000  and  the  value  of  the  taxable  property  is 
placed  at  $750,000.  The  waterworks  and 
electric-light  plant  are  owned  by  the  munici- 
pality. The  government  is  vested  in  a  mayor 
and  six  councilmen.   Pop.  1,600. 

FALMOUTH,  Mass.,  town  in  Barnstable 
County,  on  Buzzard's  Bay,  Vineyard  Sound  and 
on  the  New  York,  New  Haven  and  Hartford 
Railroad,  at  the  extreme  west  end  of  Cape  Cod, 
50  miles  northwest  of  Boston.  It  is  the  centre 
of  an  agricultural  and  cranberry  region.  It  is 
best  known  as  containing  the  Wood's  Hole 
(q.v.)  Station  of  the  United  States  Fish  Corn- 


Digitized  by  Google 


736  FALSE  ACAC; 

mission.  It  has  a  public  library  and  is  a  popu- 
lar summer  resort.  Falmouth  was  settled  in 
1636  and  incorporated  in  1686.  The  town  owns 
the  waterworks.   Pop.  3,144. 

FALSE  ACACIA.  Sec  Locust  Tree. 

FALSE  BAY,  an  inlet  on  the  coast  of  Cape 
Colony,  South  Africa,  circular  in  form,  about 
24  miles  long,  and  so  well  protected  from 
storms  as  to  render  it  a  good  shelter  harbor. 
Simonstown,  a  British  naval  base,  is  in  the 
northwest  angle. 

FALSE  CADENCE,  a  musical  term.  When 
the  last  chord  of  a  phrase  is  other  than  the 
tonic  chord  and  is  preceded  by  that  of  the  domi- 
nant, the  cadence  is  said  to  be  interrupted,  false 
or  deceptive.  See  Cadence. 

FALSE  CHINCH-BUG.  Sec  Wheat  In- 
sect Pests. 

FALSE  DECRETALS.  See  Decretals, 
False  or  Pseudo-Isidorian. 

FALSE  DEMETRIUS,  The.  See  De- 
metrius. 

FALSE  IMPRISONMENT,  the  unlawful 
detention  of  a  person,  whether  in  a  common 
prison  or  a  private  house,  or  even  by  forcibly 
detaining  one  in  the  streets  or  highways.  The 
law  punishes  false  imprisonment  as  a  crime,  be- 
sides giving  reparation  to  the  party  injured 
through  an  action  in  tort. 

FALSE  INDIGO,  a  common  name  for 
some  American  species  of  the  genus  Atnorpha 
of  the  pea  family.  The  most  widely  known 
plant  called  by  this  name  is  A.  fruttcosa,  a 
shrub  growing  from  5  to  20  feet  in  height 
along  streams  in  Ohio,  Minnesota  and  Mani- 
toba, south  to  Florida.  Colorado  and  Mexico. 
When  found  in  the  Middle  States  it  is  an  escape 
from  cultivation,  its  spike  of  purple  flowers 
making  an  exceedingly  ornamental  shrub. 

FALSE  PERSONATION,  for  the  purpose 
of  obtaining  property  of  others,  was  formerly 
a  misdemeanor  punishable  by  a  fine  or  impris- 
onment, but  is  now  made  penal  by  special  stat- 
ute. The  penalties  for  personation  are  fre- 
quently heavy.  Thus  to  personate  the  owner 
of  any  share,  stock  or  annuity,  etc,  is  felony, 
and  liable  to  a  term  of  imprisonment.  The 
false  personation  of  voters  at  an  election  is  a 
misdemeanor  punishable  with  imprisonment. 

FALSE  POINT,  a  cape  (with  lighthouse) 
and  harbor  of  Bengal,  43  miles  east  of  Cuttack 
The  roadway  in  which  ships  anchor  is  some- 
what exposed  and  loading  and  unloading  can 
only  be  carried  on  in  comparatively  fair 
weather.  Large  rice  shipments  are  made.  The 
name  was  given  because  frequently  this  projec- 
tion was  mistaken  for  Point  Palmyras. 

FALSE  POSITION,  Role  of.  An  ancient 
method  of  reckoning  indirectly,  now  superseded 
by  the  method  of  equations.  In  the  ancient 
method  a  number  for  the  unknown  quantity  was 
assumed ;  next  a  trial  was  made  to  see  if  the 
assumed  number  filled  the  conditions;  it  was 
then  corrected  by  the  method  of  simple  propor- 
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tion.  For  example,  what  number  is  that  whose 
third  exceeds  its  quarter  by  5?  Assuming  72 
to  be  the  number,  we  get  24>18aB=6,  which  is 
too  great.  Now,  by  means  of  proportion  we 
have  6:5::72:60.  Hence  60  is  the  number 
whose  third  (20)  exceeds  its  quarter  (15)  by  5. 

FALSE  PRETENSES,  for  the  purpose  of 
obtaining  property,  is  a  misdemeanor  at  com- 
mon law,  and  punishable  by  fine  or  imprison- 
ment Some  kinds  of  it  are  now  punishable  by 
imprisonment  not  exceeding  five  years,  the  stat- 
utes, however,  varying  in  different  States. 

FALSE  SCORPION,  or  BOOK  SCOR- 
PION, a  diminutive  spider-like  creature  of  the 
order  Pseudoscorpionxda  (see  Aiachnida), 
allied  to  the  "harvestmcn*  and  *  false  spiders." 
They  occur  in  all  the  warmer  parts  of  the 
world,  under  bark  stones  and  rubbish,  or  hid- 
den in  deep  moss ;  and  one  typical  species,  the 
"book  scorpion*  (Chelifer  cancroidet),  infests 
museums,  old  libraries  and  dusty  corners  gen- 
erally. Unlike  the  spiders  these  have  no  con- 
stricted «waist»  separating  the  abdomen  from 
the  foreparts;  and  like  the  true  scorpions  the 
pedipalps  are  developed  into  relatively  enormous 
chelate  arms.  The  book  scorpion  thus  resembles 
a  minute  crab.  They  arc  slow  in  their  motions, 
feeling  their  way  along  with  their  pincers ;  and 
several  blind  species  inhabit  caverns.  They  have 
spinning  glands,  situated  in  the  cephalothorax, 
but  use  the  silk  only  for  making  small  protective 
cells  or  cases  into  which  they  retreat  when  lay- 
ing eggs  (afterward  carried  about  by  the  fe- 
male), or  molting,  or  during  hibernation. 

FALSE  SPIDER.   See  Scorpion  Si-ider. 

FALSE  SWEARING.   See  Perjury. 

FALSE  WEIGHTS  AND  MEASURES. 

See  Weights  and  Measures. 

FALSEN,  fal' sen,  Christian  Magnus,  Nor- 
wegian historian  and  statesman:  b.  Olso,  near 
Christiania,  1782;  d.  1830.  He  entered  the  legal 
profession  and  m  1808  was  appointed  circuit 
judge  at  Folio.  He  became  interested  in  poli- 
tics about  1814  and  helped  draw  up  a  constitu- 
tion for  Norway  after  the  separation  of  the 
latter  from  Denmark.  He  divided  honors  with 
Svcrdrup  in  parliamentary  leadership,  became 
attorney-general  in  1822,  but  lost  much  of  his 
support  among  the  liberal  element  through  his 
administration  of  this  office.  He  was  made 
bailiff  for  Bergen  in  1825  and  two  years  later 
became  chief  of  the  Supreme  Court  He  wrote 
'Norges  Historic*  (1824).  Consult  the  lives  by 
Daa  (Christiania  1860)  and  Vullum  (ib..  1881). 

FALSETTO  (Ital.).  in  singing,  a  term 
applied  to  the  notes  above  the  natural  compass 
of  the  voice.  It  is  also  called  a  head  or  throat 
voice,  in  contradistinction  to  the  chest  voice, 
which  is  the  natural  one.  The  falsetto  voice  is 
produced  by  tightening  the  ligaments  of  the 
glottis.  Its  thin,  constrained  effect  is  most 
noticeable  in  men  with  deep-set  voices  the  reg- 
ister of  which  it  frequently  extends  more  than 
an  octave  above  the  pure  chest  voice. 
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